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ABSTRACT
For >50 y, dietary guidelines in the United States have focused on reducing intakes of saturated and total fat. However,

rates of obesity and diabetes rose markedly throughout this period, with potentially catastrophic implications for public

health and the economy. Recently, ketogenic diets have received substantial attention from the general public and

nutrition research community. These very-low-carbohydrate diets, with fat comprising >70% of calories, have been

dismissed as fads. However, they have a long history in clinical medicine and human evolution. Ketogenic diets appear

to be more effective than low-fat diets for treatment of obesity and diabetes. In addition to the reductions in blood

glucose and insulin achievable through carbohydrate restriction, chronic ketosis might confer unique metabolic benefits

of relevance to cancer, neurodegenerative conditions, and other diseases associated with insulin resistance. Based on

available evidence, a well-formulated ketogenic diet does not appear to have major safety concerns for the general

public and can be considered a first-line approach for obesity and diabetes. High-quality clinical trials of ketogenic diets

will be needed to assess important questions about their long-term effects and full potential in clinical medicine. J Nutr

2020;150:1354–1359.
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A century ago, the ketogenic diet was a standard of care in
diabetes, used to prolong the life of children with type 1 diabetes
and to control the symptoms of type 2 diabetes in adults (1).
Because all forms of diabetes share a basic pathophysiological
problem, carbohydrate intolerance, restriction of carbohydrate
on a ketogenic diet (typically ≤50 g/d with >70% fat)
often produced rapid and remarkable clinical improvement.
Discovery of insulin in the 1920s enabled people with diabetes
to control hyperglycemia on high-carbohydrate diets. However,
the human toll and economic burden from diabetes compli-
cations continue to mount, despite increasingly sophisticated
insulin analogs and drugs for associated conditions such as
dyslipidemia, hypertension, and coagulopathy. Contrary to
expectation, adoption of a higher-carbohydrate (lower-fat) diet
by the US public in the second half of the 20th century could
have contributed to the increasing prevalence of obesity (2), a
major risk factor for type 2 diabetes. Despite commonly voiced
concerns about the safety of, and lack of supporting evidence
for, this putative fad (3), the ketogenic diet has a long track
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record—not only in clinical medicine but also through human
evolution—providing evidence for optimism in the search for
more effective dietary prevention and treatment of chronic
diseases.

Carbohydrate Restriction Is More
Effective than Fat Restriction for Obesity
Treatment

For decades, dietary fat was considered uniquely fattening due
to its high energy density and palatability, leading to “passive
overconsumption” relative to all carbohydrates (4). However,
recent research underscores a biological basis for body weight
control, by which the metabolic effects of food, more so than
calorie content of specific foods or nutrients, determine body
weight over the long term. According to the carbohydrate-
insulin model of obesity (5, 6) the processed carbohydrates
(e.g., most breads, rice, potato products, and added sugar)
that replaced dietary fats during the low-fat diet era promote
fat storage, increase hunger, and lower energy expenditure,
predisposing to obesity and diabetes in susceptible individuals.

Most clinical trials comparing macronutrient-varying diets
have employed low-intensity interventions, insufficient to
produce significant long-term dietary change. Therefore, it is
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not surprising that meta-analyses of these trials would show
little long-term weight loss, and little difference between diet
groups. Even so, meta-analyses have found that conventional
low-fat diets are inferior to all higher-fat comparisons including
ketogenic diets (7–10).

Anecdotal reports for many years have suggested that
low-carbohydrate diets suppress hunger to a greater degree
than conventional approaches, taking rate of weight loss into
account. For example, in a small clinical trial from the 1950s,
female college students with high body weight were given
calorie-restricted diets varying in carbohydrate-to-fat ratio.
Students on the low-fat diet reported a “lack of ‘pep’ throughout
most of the study… [and feeling] discouraged because they
were always conscious of being hungry.” In contrast, those on
the very-low-carbohydrate diet reported “satisfaction” and that
“[h]unger between meals was not a problem,” even though
they had lost more weight (11). In a more recent crossover
study, 17 men with obesity consumed ad libitum for 4 wk
very-low-carbohydrate (4%) or moderate-carbohydrate (35%)
diets controlled for protein. The participants consumed less
dietary energy, lost more weight, and reported less hunger on
the very-low-carbohydrate diet (12). This effect could relate to
the improved circulating metabolic fuel concentration observed
in the late postprandial period on a low-glycemic-load diet,
and also to advantageous changes in metabolic hormones (e.g.,
lower ghrelin) (13, 14).

Carbohydrate restriction can also increase energy ex-
penditure, a major goal of obesity research conventionally
sought with drugs and exercise (15). In a 20-wk weight-loss-
maintenance feeding study with 164 participants, those assigned
to a low- (20%) compared with a high- (60%) carbohydrate
diet had higher energy expenditure (∼200–250 kcal/d), with
evidence of effect modification by insulin secretion as predicted
by the carbohydrate-insulin model (13, 16). Although a
meta-analysis (17) suggested no benefit of low-carbohydrate
compared with low-fat diets for energy expenditure, most of
the included studies were too short (median duration <1 wk)
to exclude well-described transient metabolic adaptations (5,
18). Behavioral trials with more powerful interventions lasting
≥1–2 y, and feeding studies of ≥4 wk, will be needed to
test the true efficacy of carbohydrate restriction and clarify
mechanisms.

Low-Carbohydrate Diets Show Promise
for Diabetes Treatment

The US NIH sponsored several large multicentered studies of
low-fat diets, such as the Women’s Health Initiative dietary
modification trial (prevention of diabetes as a secondary
outcome) (19) and Look Ahead [prevention of cardiovascular
disease (CVD) in people with diabetes as the primary outcome]
(20). In both cases, the low-fat diet showed no benefit, even
though the comparison groups were given lower-intensity inter-
ventions. The Diabetes Prevention Program intensive lifestyle
intervention reduced incidence of type 2 diabetes among
high-risk participants (21), but the multicomponent nature of
the intervention (including calorie restriction, fat restriction,
exercise, and behavior modification) makes attribution of
effects to the low-fat diet problematic. Unfortunately, no
comparable studies of very-low-carbohydrate diets have been
conducted, but smaller trials and observational studies suggest
promise.

A 2019 Consensus Report from the American Diabetes
Association concluded that low-carbohydrate diets (including
those that aim for nutritional ketosis) “are among the most
studied eating patterns for type 2 diabetes” and that these
“eating patterns, especially very-low-carbohydrate … have been
shown to reduce [Hb]A1C [glycated hemoglobin] and the need
for antihyperglycemic medications” (22). In a pragmatic trial
including 262 adults with type 2 diabetes assigned to a very-low-
carbohydrate diet, mean weight loss was 11.9 kg and HbA1c
decreased by 1.0%, even with substantial reductions in the use
of hypoglycemic medications other than metformin (23). Few
clinical trials have examined carbohydrate restriction in type 1
diabetes, possibly due in part to concerns about hypoglycemia
and ketoacidosis. In a survey of 316 children and adults
following a very-low-carbohydrate diet for type 1 diabetes,
exceptional glycemic control (mean HbA1c = 5.7%), low rates
of hypoglycemia and ketoacidosis, an overall healthful CVD
risk profile, and high satisfaction with diabetes management
were documented (24).

Low-Carbohydrate Diets Might Lower
CVD Risk despite High Saturated Fat
Content

Although LDL cholesterol—an established CVD risk factor—
can increase on low-carbohydrate diets (25), in part due to high
saturated fat content, lipoprotein size distribution can indicate
a relatively lower risk, characterized by larger, more buoyant
particles (26). Consistent with this possibility, individuals with
isolated elevated LDL cholesterol, compared with those who
also have high triglycerides and low HDL cholesterol, were at
lower risk for coronary events and benefited less from statins
in the Scandinavian Simvastatin Survival Study (27). Indeed,
there is precedent for reduced cardiovascular risk in the context
of higher LDL cholesterol: treatment with sodium-glucose
cotransporter 2 inhibitors (28). The mechanisms elicited by this
drug class share similarity on the physiological, if not molecular,
level with a ketogenic diet. Both shift substrate utilization
from carbohydrates to lipids, cause ketosis, reduce glycemic
excursions, lower insulin concentrations, produce weight loss,
promote natriuresis, and lower blood pressure—actions that
can counterbalance or attenuate any adverse cardiovascular
effects of elevated LDL cholesterol.

Carbohydrate restriction benefits multiple components of
the metabolic syndrome, a major CVD risk factor. A low-
carbohydrate diet improves hyperglycemia, triglycerides, HDL
cholesterol, small dense LDL subclass phenotype, oxidized
plasma lipids, and hepatic steatosis, whereas a low-fat diet can
adversely affect some of these components (26, 29–34).

The relation between dietary fat and mortality in ob-
servational research is controversial due to methodological
challenges involving confounding, reverse causality, and effect
modification (e.g., overall diet quality, physical activity level).
In a high-quality, 2-cohort study, high intake of fat as a
proportion of total energy was associated with reduced risk of
premature death, although the type of dietary fat importantly
modified risk: decreased with unsaturated fat and increased
with saturated fat (35). However, the relation between saturated
fat and mortality observed in a general population might not
apply to those consuming a ketogenic diet due to exceptionally
high rates of saturated fat oxidation and low rates of de novo
lipogenesis (36). Demonstrating this point, serum saturated fat
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TABLE 1 Conditions under study with a ketogenic or low-carbohydrate diet1

Condition Proposed mechanisms2

Cancer (ancillary treatment) Warburg effect; reduced concentration of insulin and other growth-stimulating hormones and factors; immune
modulation; reduced side effects of chemotherapy, radiationBrain

Breast
Colon
Endometrial
Lymphoma
Pancreaticobiliary
Prostate

Cardiovascular Weight loss; reduced postprandial glycemia, insulinemia; anti-inflammatory effects of ketones
Chronic inflammation
Dyslipidemia
Endothelial dysfunction
Insulin resistance

Endocrine
Diabetes, type 1 Reduced postprandial glycemic excursions, lower insulin requirement
Diabetes, type 2 As above; weight loss
Obesity Reduced anabolic stimulation of adipose; partitioning of metabolic fuels

Gastrointestinal
Fatty liver, nonalcoholic Reduced postprandial glycemia, insulinemia; enhanced fat oxidation
Irritable bowel syndrome Microbiome; carbohydrate fermentation

Neurological Neuroprotective effects of ketones through reduced inflammation, edema oxidative damage, apoptosis,
amyloid deposition; neural energy metabolism; epigenetic effects; microbiomeAlzheimer disease

Epilepsy
Mild cognitive impairment
Multiple sclerosis
Oxygen toxicity (underwater diving)
Traumatic brain injury
Spinal cord injury

Psychological/psychiatric Reduced withdrawal symptoms; reduced craving and reward, mediated by nucleus accumbens; reduced
neuroinflammation; neuronal metabolism; microbiomeAlcoholism

Autism spectrum disorder
Bipolar disorder
Mood disorders
Schizophrenia
Well-being/quality of life

Miscellaneous
Exercise tolerance, physical performance Improved access to metabolic fuels
Gangliosidoses Increased efficacy, reduced side effects of primary treatment
Infectious endocarditis, diagnosis Enhanced signal-to-noise ratio with 18F-FDG PET scan
Lymphedema Endothelial cell function; lymphatic transport
Obstructive sleep apnea Weight loss; decreased visceral fat

1Listed on clinicaltrials.gov as “Not yet recruiting,” “Recruiting,” or “Active, not recruiting” as of July 31, 2019. 18F-FDG PET, [18F]fluoro-2-deoxyglucose positron emission
tomography.
2List not exhaustive.

did not increase through a wide range of saturated fat intakes
for 3-wk intervals in a study of 16 adults with metabolic
syndrome (37).

Chronic Ketosis Might Provide Unique
Metabolic Benefits

Ketosis, an evolutionarily ancient metabolic pathway, might
confer additional benefits, beyond those of prevailing high-
fat diets, through modulation of the inflammasome, oxidative
damage, histone acetylation, mitophagy, cellular redox state,
and other mechanisms (38, 39). Ketones have been termed
a “superfuel” for the brain (39), upon which infants can be

especially dependent (40). Based on these pleiotropic actions, a
ketogenic diet has been considered for a wide range of health
conditions. The website clinicaltrials.com currently lists 85
planned or active trials of a ketogenic or low-carbohydrate diet
for diseases of numerous organ systems, including cardiovas-
cular, endocrine, gastrointestinal, neurological, and psychiatric
(see Table 1). Additional trials have been completed but not yet
published.

The metabolic effects of a ketogenic diet can have special
relevance to oncology. Many cancers contain mitochondrial
defects, making them reliant on glycolytic fermentation, an
inefficient energy generation pathway compared with oxidative
phosphorylation (41, 42). A ketogenic diet targeting this
Warburg effect might starve cancer cells without toxicity to
normal cells, by decreasing fasting and postprandial blood
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glucose concentrations. Other mechanisms recruited by this
diet include reduced secretion of insulin, a hormonal driver
of some tumors, and ketones themselves, through metabolic
and signaling actions. Because blood glucose concentrations
remain in the low-normal range, and other fermentable fuels
are available (e.g., glutamine), a ketogenic diet would not be
expected to cure cancer as a stand-alone treatment. However,
this diet might act synergistically with other treatments, such as
phosphoinositide 3-kinase inhibitors (43), and aid prevention,
possibilities that warrant investigation.

In view of the potent effects of ketones in the brain, a
ketogenic diet has also generated considerable interest for
neurodegenerative and neuropsychiatric disorders. Preliminary
reports suggest that patients with Alzheimer disease, character-
ized by central insulin resistance, show clinical improvement
with a ketogenic formula or exogenous ketones (44, 45). After a
brief transitional period (46), a ketogenic diet can also improve
general mood, although findings vary among studies (47).

Ketogenic Diets Have a Long Track
Record of Safety

Concern has been expressed about the safety of ketogenic
diets (3) based on case reports of children with epilepsy
describing gastrointestinal problems, nephrolithiasis, cardiac
abnormalities, and poor growth, but these reports need to be
interpreted cautiously for several reasons. First, the ketogenic
diet used in this clinical context is typically more extreme
(with ≥85% energy as fat) than would be recommended for
virtually any other purpose. Second, patients with epilepsy can
have other health problems or medication use predisposing
to complications, for which the general public would not be
at risk. Third, case reports inevitably involve major selection
bias; the absence of widespread adverse events in public health
surveillance, despite the popularity of the ketogenic diet today
(e.g., 5 of the top 10 best-selling diet books on Amazon.com),
provides considerable reassurance.

Furthermore, without adequate attention to food quality,
any macronutrient-focused eating pattern can have adverse
effects. A low-fat diet containing high amounts of sugar and
other processed carbohydrates raises risk of fatty liver and
metabolic syndrome; a vegan diet without adequate attention
to key micronutrients can cause growth retardation in children.
Public health guidelines do not discourage low-fat and plant-
based diets, but instead focus on measures to encourage
healthful versions of these eating patterns to minimize risk and
maximize benefits. With the substantial evidence of benefit as
described above, diets that restrict carbohydrate warrant the
same consideration.

There Is No Human Requirement for
Dietary Fiber or Carbohydrate
Some have argued that the greatest risk “of the ketogenic
diet may be the one most overlooked: the opportunity cost
of not eating high-fiber, unrefined carbohydrates” (3), pointing
to a meta-analysis of observational studies finding protective
associations of whole-grain intake with CVD, cancer, and total
mortality (48). However, such studies can only address the
relative healthfulness of a specific food compared with foods
that would have otherwise been consumed. Although strong

evidence indicates benefits of consuming whole grains instead of
refined grains (the typical trade-off in populations with grain-
based diets), a more relevant question to this debate is how
whole grains compare with low-carbohydrate foods allowed on
a ketogenic diet. Bearing on this issue, a recent meta-analysis of
clinical trials found that diets high in whole grains, compared
with control diets, had no overall effect on measures of body
fatness; among the trials with “unhealthy individuals” (having
diabetes, metabolic syndrome, or overweight/obesity), whole-
grain consumption increased BMI (49).

Admittedly, high-carbohydrate diets have been consumed
by some populations with low rates of obesity-related chronic
disease (e.g., “blue zones” in Asia), although these have
typically had high levels of occupational physical activity
(e.g., subsistence farming) and limited total calorie availability.
However, the health benefits of grain consumption among
populations with highly prevalent obesity and insulin resistance
have not been established. In fact, diets with virtually no
carbohydrate (and therefore, no fiber) throughout most of the
year have been consumed by humans—for example, Native
Americans of the Great Plains, Laplanders, the Inuit, and other
traditional hunter-gatherer societies in temperate and arctic
climates—much longer than a low-fat, high-carbohydrate diet
as adopted by grain-based agrarian societies.

Conclusions

Both low-fat and low-carbohydrate diets can produce adverse
effects in susceptible individuals (the former especially so among
those with insulin resistance, comprising the majority in the
United States). However, beyond fatigue and other transitional
symptoms upon initial adoption, a well-formulated ketogenic
diet does not appear to have major safety concerns for the
general population. Based on available evidence, a ketogenic
diet can be considered a first-line approach for the treatment of
obesity and type 2 diabetes. A ketogenic diet also holds promise
for a range of other chronic, sometimes intractable, conditions
associated with metabolic dysfunction, such as type 1 diabetes,
steatohepatitis, neurodegenerative disease, and cancer.

However, the lack of high-quality clinical trials hinders
scientific understanding and public health translation. Key
unresolved questions warranting research priority include: How
does LDL cholesterol elevation with carbohydrate restriction
affect cardiovascular risk versus triglyceride elevation with
fat restriction? Does the reduction of HbA1c in diabetes
on a ketogenic diet translate into reductions in micro- and
macrovascular disease? Are there uniquely susceptible popula-
tions (e.g., LDL cholesterol “hyperresponders”) or conditions
(liver or kidney disease, pregnancy) for which a ketogenic diet
would be relatively contraindicated? What is the efficacy of a
ketogenic diet for weight loss compared with other approaches
in trials incorporating powerful methods to facilitate long-
term behavior change? Does chronic ketosis provide unique
metabolic benefits, beyond those that can be obtained with less
restrictive regimens, such as a low-glycemic index, moderate-
carbohydrate diet?

Finally, it is worth noting that the ketogenic diet has elicited
controversy, in part because conventional nutritional teaching
has for years emphasized the harms of high total and saturated
fat intakes. Polarization might have also arisen from the mis-
conception that ketogenic diets require high intakes of animal
products—engendering concern among those who advocate
plant-based diets for health, ethical, or environmental reasons.
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In fact, a ketogenic diet can be vegetarian (containing eggs and
dairy products) or vegan, with plant-based fats (e.g., avocado,
nuts, seeds, coconut, flax, olive oil), proteins (e.g., tofu, tempeh,
seitan, lupini beans, pea protein), nonstarchy vegetables, and
limited amounts of low-sugar fruits, as exemplified by the
Eco-Atkins diet (50). This flexibility allows individualization of
dietary choice on a ketogenic diet for obesity and diabetes.

Acknowledgments

The sole author was responsible for all aspects of this
manuscript.

References
1. Henderson G. Court of last appeal – the early history of the high-fat

diet for diabetes. J Diabetes Metab 2016;7(8):696.

2. Ludwig DS. Lowering the bar on the low-fat diet. JAMA
2016;316(20):2087–8.

3. Joshi S, Ostfeld RJ, McMacken M. The ketogenic diet for obesity
and diabetes—enthusiasm outpaces evidence. JAMA Intern Med
2019;179:1163–4.

4. Blundell JE, MacDiarmid JI. Fat as a risk factor for overconsumption:
satiation, satiety, and patterns of eating. JADA 1997;97(7 Suppl):S63–9.

5. Ludwig DS, Ebbeling CB. The carbohydrate-insulin model of
obesity: beyond “calories in, calories out”. JAMA Intern Med
2018;178(8):1098–103.

6. Ludwig DS, Friedman MI. Increasing adiposity: consequence or cause
of overeating? JAMA 2014;311(21):2167–8.

7. Bueno NB, de Melo IS, de Oliveira SL, da Rocha Ataide T. Very-
low-carbohydrate ketogenic diet v. low-fat diet for long-term weight
loss: a meta-analysis of randomised controlled trials. Br J Nutr
2013;110(7):1178–87.

8. Mancini JG, Filion KB, Atallah R, Eisenberg MJ. Systematic review
of the Mediterranean diet for long-term weight loss. Am J Med
2016;129(4):407–15.e4.

9. Mansoor N, Vinknes KJ, Veierod MB, Retterstol K. Effects of low-
carbohydrate diets v. low-fat diets on body weight and cardiovascular
risk factors: a meta-analysis of randomised controlled trials. Br J Nutr
2016;115(3):466–79.

10. Tobias DK, Chen M, Manson JE, Ludwig DS, Willett W, Hu FB. Effect
of low-fat diet interventions versus other diet interventions on long-term
weight change in adults: a systematic review and meta-analysis. Lancet
Diabetes Endocrinol 2015;3(12):968–79.

11. Cederquist DC, Brewer WD, Wagoner AN, Dunsing D, Ohlson MA.
Weight reduction on low-fat and low-carbohydrate diets. J Am Diet
Assoc 1952;28(2):113–16.

12. Johnstone AM, Horgan GW, Murison SD, Bremner DM, Lobley GE.
Effects of a high-protein ketogenic diet on hunger, appetite, and weight
loss in obese men feeding ad libitum. Am J Clin Nutr 2008;87(1):44–55.

13. Ebbeling CB, Feldman HA, Klein GL, Wong JMW, Bielak L, Steltz
SK, Luoto PK, Wolfe RR, Wong WW, Ludwig DS. Effects of a
low carbohydrate diet on energy expenditure during weight loss
maintenance: randomized trial. Br Med J 2018;363:k4583.

14. Walsh CO, Ebbeling CB, Swain JF, Markowitz RL, Feldman
HA, Ludwig DS. Effects of diet composition on postprandial
energy availability during weight loss maintenance. PLoS One
2013;8(3):e58172.

15. Tseng YH, Cypess AM, Kahn CR. Cellular bioenergetics as a target for
obesity therapy. Nat Rev Drug Discov 2010;9(6):465–82.

16. Ludwig DS, Lakin PR, Wong WW, Ebbeling CB. Scientific discourse
in the era of open science: a response to Hall et al. regarding the
Carbohydrate-Insulin Model. Int J Obes (Lond)[Internet] 2019. doi:
10.1038/s41366-019-0466-1.

17. Hall KD, Guo J. Obesity energetics: body weight regulation and the
effects of diet composition. Gastroenterology 2017;152(7):1718–27.e3.

18. Sherrier M, Li H. The impact of keto-adaptation on exercise
performance and the role of metabolic-regulating cytokines. Am J Clin
Nutr 2019;110(3):562–73.

19. Tinker LF, Bonds DE, Margolis KL, Manson JE, Howard BV, Larson
J, Perri MG, Beresford SA, Robinson JG, Rodríguez B, et al. Low-fat

dietary pattern and risk of treated diabetes mellitus in postmenopausal
women: the Women’s Health Initiative randomized controlled dietary
modification trial. Arch Intern Med 2008;168(14):1500–11.

20. Look AHEAD Research Group, Wing RR, Bolin P, Brancati FL, Bray
GA, Clark JM, Coday M, Crow RS, Curtis JM, Egan CM, et al.
Cardiovascular effects of intensive lifestyle intervention in type 2
diabetes. N Engl J Med 2013;369(2):145–54.

21. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM,
Walker EA, Nathan DM, Diabetes Prevention Program Research Group.
Reduction in the incidence of type 2 diabetes with lifestyle intervention
or metformin. N Engl J Med 2002;346(6):393–403.

22. Evert AB, Dennison M, Gardner CD, Garvey WT, Lau KHK, MacLeod
J, Mitri J, Pereira RF, Rawlings K, Robinson S, et al. Nutrition therapy
for adults with diabetes or prediabetes: a consensus report. Diabetes
Care 2019;42(5):731–54.

23. Athinarayanan SJ, Adams RN, Hallberg SJ, McKenzie AL, Bhanpuri
NH, Campbell WW, Volek JS, Phinney SD, McCarter JP. Long-
term effects of a novel continuous remote care intervention including
nutritional ketosis for the management of type 2 diabetes: a 2-year
non-randomized clinical trial. Front Endocrinol (Lausanne) 2019;10:
348.

24. Lennerz BS, Barton A, Bernstein RK, Dikeman RD, Diulus C, Hallberg
S, Rhodes ET, Ebbeling CB, Westman EC, Yancy WS, Jr, et al.
Management of type 1 diabetes with a very low-carbohydrate diet.
Pediatrics 2018;141(6):e20173349.

25. Nordmann AJ, Nordmann A, Briel M, Keller U, Yancy WS, Jr, Brehm
BJ, Bucher HC. Effects of low-carbohydrate vs low-fat diets on weight
loss and cardiovascular risk factors: a meta-analysis of randomized
controlled trials. Arch Intern Med 2006;166(3):285–93.

26. Faghihnia N, Tsimikas S, Miller ER, Witztum JL, Krauss RM.
Changes in lipoprotein(a), oxidized phospholipids, and LDL subclasses
with a low-fat high-carbohydrate diet. J Lipid Res 2010;51(11):
3324–30.

27. Ballantyne CM, Olsson AG, Cook TJ, Mercuri MF, Pedersen TR,
Kjekshus J. Influence of low high-density lipoprotein cholesterol and
elevated triglyceride on coronary heart disease events and response to
simvastatin therapy in 4S. Circulation 2001;104(25):3046–51.

28. Basu D, Huggins LA, Scerbo D, Obunike J, Mullick AE, Rothenberg
PL, Di Prospero NA, Eckel RH, Goldberg IJ. Mechanism of increased
LDL (low-density lipoprotein) and decreased triglycerides with SGLT2
(sodium-glucose cotransporter 2) inhibition. Arterioscler Thromb Vasc
Biol 2018;38(9):2207–16.

29. Browning JD, Baker JA, Rogers T, Davis J, Satapati S, Burgess SC.
Short-term weight loss and hepatic triglyceride reduction: evidence of
a metabolic advantage with dietary carbohydrate restriction. Am J Clin
Nutr 2011;93(5):1048–52.

30. Gepner Y, Shelef I, Komy O, Cohen N, Schwarzfuchs D, Bril N, Rein
M, Serfaty D, Kenigsbuch S, Zelicha H, et al. The beneficial effects of
Mediterranean diet over low-fat diet may be mediated by decreasing
hepatic fat content. J Hepatol 2019;71(2):379–88.

31. Hyde PN, Sapper TN, Crabtree CD, LaFountain RA, Bowling ML,
Buga A, Fell B, McSwiney FT, Dickerson RM, Miller VJ, et al. Dietary
carbohydrate restriction improves metabolic syndrome independent of
weight loss. JCI Insight 2019;4(12):128308.

32. Mardinoglu A, Wu H, Bjornson E, Zhang C, Hakkarainen A, Rasanen
SM, Lee S, Mancina RM, Bergentall M, Pietiläinen KH, et al.
An integrated understanding of the rapid metabolic benefits of a
carbohydrate-restricted diet on hepatic steatosis in humans. Cell Metab
2018;27(3):559–71.e5.

33. Volek JS, Phinney SD, Forsythe CE, Quann EE, Wood RJ, Puglisi MJ,
Kraemer WJ, Bibus DM, Fernandez ML, Feinman RD. Carbohydrate
restriction has a more favorable impact on the metabolic syndrome than
a low fat diet. Lipids 2009;44(4):297–309.

34. Westman EC, Yancy WS, Jr, Olsen MK, Dudley T, Guyton JR. Effect
of a low-carbohydrate, ketogenic diet program compared to a low-
fat diet on fasting lipoprotein subclasses. Int J Cardiol 2006;110(2):
212–16.

35. Wang DD, Li Y, Chiuve SE, Stampfer MJ, Manson JE, Rimm EB, Willett
WC, Hu FB. Association of specific dietary fats with total and cause-
specific mortality. JAMA Intern Med 2016;176(8):1134–45.

36. Forsythe CE, Phinney SD, Feinman RD, Volk BM, Freidenreich D,
Quann E, Ballard K, Puglisi MJ, Maresh CM, Kraemer WJ, et al. Limited
effect of dietary saturated fat on plasma saturated fat in the context of
a low carbohydrate diet. Lipids 2010;45(10):947–62.

1358 Ludwig



37. Volk BM, Kunces LJ, Freidenreich DJ, Kupchak BR, Saenz
C, Artistizabal JC, Fernandez ML, Bruno RS, Maresh CM,
Kraemer WJ, et al. Effects of step-wise increases in dietary
carbohydrate on circulating saturated fatty acids and palmitoleic
acid in adults with metabolic syndrome. PLoS One 2014;9(11):
e113605.

38. Ludwig DS, Willett WC, Volek JS, Neuhouser ML. Dietary fat: from foe
to friend? Science 2018;362(6416):764–70.

39. Cahill GF, Jr, Veech RL. Ketoacids? Good medicine? Trans Am Clin
Climatol Assoc 2003;114:149–61; discussion 62–3.

40. Kraus H, Schlenker S, Schwedesky D. Developmental changes of
cerebral ketone body utilization in human infants. Hoppe Seylers Z
Physiol Chem 1974;355(2):164–70.

41. Seyfried TN, Flores RE, Poff AM, D’Agostino DP. Cancer as a
metabolic disease: implications for novel therapeutics. Carcinogenesis
2014;35(3):515–27.

42. Weber DD, Aminzadeh-Gohari S, Tulipan J, Catalano L,
Feichtinger RG, Kofler B. Ketogenic diet in the treatment of
cancer – where do we stand? Mol Metab [Internet] 2019. doi:
10.1016/j.molmet.2019.06.026.

43. Hopkins BD, Pauli C, Du X, Wang DG, Li X, Wu D, Amadiume
SC, Goncalves MD, Hodakoski C, Lundquist MR, et al. Suppression
of insulin feedback enhances the efficacy of PI3K inhibitors. Nature
2018;560(7719):499–503.

44. Ota M, Matsuo J, Ishida I, Takano H, Yokoi Y, Hori H, Yoshida
S, Ashida K, Nakamura K, Takahashi T, et al. Effects of a medium-
chain triglyceride-based ketogenic formula on cognitive function in

patients with mild-to-moderate Alzheimer’s disease. Neurosci Lett
2019;690:232–6.

45. Taylor MK, Sullivan DK, Mahnken JD, Burns JM, Swerdlow RH.
Feasibility and efficacy data from a ketogenic diet intervention in
Alzheimer’s disease. Alzheimers Dement (NY) 2018;4:28–36.

46. Wing RR, Vazquez JA, Ryan CM. Cognitive effects of ketogenic
weight-reducing diets. Int J Obes Relat Metab Disord 1995;19(11):
811–16.

47. Brietzke E, Mansur RB, Subramaniapillai M, Balanza-Martinez
V, Vinberg M, Gonzalez-Pinto A, Rosenblat JD, Ho R, McIntyre
RS. Ketogenic diet as a metabolic therapy for mood disorders:
evidence and developments. Neurosci Biobehav Rev 2018;94:
11–16.

48. Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood
DC, Tonstad S, Vatten LJ, Riboli E, Norat T. Whole grain consumption
and risk of cardiovascular disease, cancer, and all cause and cause
specific mortality: systematic review and dose-response meta-analysis
of prospective studies. Br Med J 2016;353:i2716.

49. Sadeghi O, Sadeghian M, Rahmani S, Maleki V, Larijani B,
Esmaillzadeh A. Whole-grain consumption does not affect obesity
measures: an updated systematic review and meta-analysis of
randomized clinical trials. Adv Nutr 2019;11(2):280–92.

50. Jenkins DJ, Wong JM, Kendall CW, Esfahani A, Ng VW, Leong TC,
Faulkner DA, Vidgen E, Greaves KA, Paul G, et al. The effect of a
plant-based low-carbohydrate (“Eco-Atkins”) diet on body weight and
blood lipid concentrations in hyperlipidemic subjects. Arch Intern Med
2009;169(11):1046–54.

The ketogenic diet 1359



EDUCATIONAL OBJECTIVE: Readers will determine which patients need to undertake a protein-sparing 
modified fast

The protein-sparing modified fast 
for obese patients with type 2 
diabetes: What to expect
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E ighty percent of people with type 2 dia-
betes mellitus are obese or overweight.1 

Excess adipose tissue can lead to endocrine 
dysregulation,2 contributing to the pathogen-
esis of type 2 diabetes, and obesity is one of the 
strongest predictors of this disease.3 
 For obese people with type 2 diabetes, diet 
and exercise can lead to weight loss and many 
other benefits, such as better glycemic control, 
less insulin resistance, lower risk of diabetes-
related comorbidities and complications, fewer 
diabetic medications needed, and lower health 
care costs.4–7 Intensive lifestyle interventions 
have also been shown to induce partial remis-
sion of diabetes and to prevent the onset of 
type 2 diabetes in people at high risk of it.5–7

 A very-low-calorie diet is one of many di-
etary options available to patients with type 
2 diabetes who are overweight or obese. The 
protein-sparing modified fast (PSMF) is a type 
of very-low-calorie diet with a high protein 
content and simultaneous restriction of car-
bohydrate and fat.8,9 It was developed in the 
1970s, and since then various permutations 
have been used in weight loss and health care 
clinics worldwide.

 ■ MOSTLY PROTEIN,  
VERY LITTLE CARBOHYDRATE AND FAT 

The PSMF is a medically supervised diet that 
provides less than 800 kcal/day during an ini-
tial intensive phase of about 6 months, fol-
lowed by the gradual reintroduction of calo-
ries during a refeeding phase of about 6 to 8 
weeks.10

 During the intensive phase, patients obtain 
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ABSTRACT
The protein-sparing modified fast (PSMF) is a very-low-
calorie diet containing mostly protein and little carbohy-
drate. This article reviews the principles of the PSMF and 
its potential benefits in terms of weight loss, glycemic 
control, insulin resistance, cardiovascular risk factors, and 
related complications for patients with type 2 diabetes.

KEY POINTS
The PSMF is indicated in patients who have a body mass 
index (BMI) of 30 kg/m2 or more, or a BMI of 27 kg/m2 
or more with one or more comorbidities such as type 2 
diabetes.

The PSMF provides less than 800 kcal/day during an 
initial intensive phase of about 6 months, with gradual 
reintroduction of calories during a refeeding phase last-
ing 6 to 8 weeks.

Patients on the PSMF under medical supervision rapidly 
lose fat while maintaining lean body mass.

Unfortunately, many patients tend to regain weight after 
completing a PSMF program. Additional strategies are 
needed to maintain weight loss.
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most of their calories from protein, approxi-
mately 1.2 to 1.5 g/kg of ideal body weight 
per day. At the same time, carbohydrate in-
take is restricted to less than 20 to 50 g/day; 
additional fats outside of protein sources are 
not allowed.9 Thus, the PSMF shares features 
of both very-low-calorie diets and very-low-
carbohydrate ketogenic diets (eg, the Atkins 
diet), though some differences exist among 
the three (FIGURE 1). 
 Patients rapidly lose weight during the in-
tensive phase, typically between 1 and 3 kg 
per week, with even greater losses during the 
first 2 weeks.8,9 Weight loss typically plateaus 
within 6 months, at which point patients be-
gin the refeeding period. During refeeding, 
complex carbohydrates and low-glycemic, 
high-fiber cereals, fruits, vegetables, and fats 
are gradually reintroduced. Meanwhile, pro-
tein intake is reduced to individually tailored 
amounts as part of a weight-maintenance diet.

 ■ LIPOLYSIS, KETOSIS, DIURESIS

The specific macronutrient composition of the 
PSMF during the intensive phase is designed 
so that patients enter ketosis and lose as much 
fat as they can while preserving lean body 
mass.9,11 FIGURE 2 illustrates the mechanisms of 
ketosis and the metabolic impact of the PSMF.
 With dietary carbohydrate restriction, se-
rum glucose and insulin levels decline and gly-
cogen stores are depleted. The drop in serum 

insulin allows lipolysis to occur, resulting in 
loss of adipose tissue and production of ketone 
bodies in the liver. Ketone bodies become the 
primary source of energy for the brain and oth-
er tissues during fasting and have metabolic 
and neuroprotective benefits.12,13

 Some studies suggest that ketosis also sup-
presses appetite, helping curb total caloric in-
take throughout the diet.14 Protein itself may 
increase satiety.15

 Glycogen in the liver is bound to water, so 
the depletion of glycogen also results in loss 
of attached water. As a result, diuresis con-
tributes significantly to the initial weight loss 
within the first 2 weeks on the PSMF.9 

 ■ WHO IS A CANDIDATE FOR THE PSMF?

The PSMF is indicated only for adults with a 
body mass index (BMI) of at least 30 kg/m2 
or a BMI of at least 27 kg/m2 and at least one 
comorbidity such as type 2 diabetes, hyperten-
sion, dyslipidemia, obstructive sleep apnea, 
osteoarthritis, or fatty liver.12 Patients must 
also be sufficiently committed and motivated 
to make the intensive dietary and behavioral 
changes the program calls for.
 The PSMF should be considered when 
more conventional low-calorie approaches to 
weight loss fail or when patients become dis-
couraged by the slower results seen with tra-
ditional diets.8 Patients undergoing a PSMF 
are usually encouraged by the initial period of 

Diet 
and exercise 
can lead to  
weight loss  
and many  
other benefits

        Very-low-carbohydrate  
        ketogenic diet

   Protein-sparing  
   modified fast

Very-low-calorie  
diet

         Typically > 1,500 kcal/day 
         Very low in carbohydrate  
           (usually < 50 g/day) 
         Ketogenic 
         High in protein 
         High in fat

   < 800 kcal/day 
   Very low in carbohydrate 
   Ketogenic 
   High in protein 
   Low in fat

< 800 kcal/day 
Varying macronutrient  
  compositions 
May or may not be ketogenic 
Usually liquid formula or 
  meal replacements

FIGURE 1. The protein-sparing modified fast combines a very-low-carbohydrate ketogenic 
diet and a very-low-calorie diet. It may contrast with other very-low-calorie diets, which 
may contain higher amounts of carbohydrate and lower amounts of fat. In addition, the 
protein-sparing modified fast differs from many very-low-carbohydrate ketogenic diets 
because of its additional caloric and fat restriction.
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rapid weight loss, and such diets have lower 
dropout rates.16 
 This diet may also be recommended for 
obese patients who have poorly controlled 
type 2 diabetes and growing resistance to 
medications, to bring down the blood glucose 
level. Another use is before bariatric surgery 
to reduce the risk of obesity-related complica-
tions.8 Patients who regain weight after bariat-
ric surgery may also benefit.

 ■ MEAL REPLACEMENTS OR A DIET PLAN?

The PSMF program at Cleveland Clinic is 
based on modified preparation and selection 
of conventional foods. Details of the program 
are described in TABLE 1. Protein sources must 
be of high biologic value, containing the right 
mix of essential amino acids (eg, lean meat, 
fish, poultry, egg whites).9 

 Some commercially available very-low-
calorie diets (eg, OPTIFAST, Medifast) that 
are advertised as PSMFs consist mainly of 
meal replacements. In the program at Cleve-
land Clinic, meal replacements in the form of 
commercial high-protein shakes or bars can 
be used occasionally for convenience and to 
maintain adherence to the diet. 
 However, preparation of PSMF meals from 
natural, conventional foods is thought to play 
an important role in long-term behavior mod-
ification and so is strongly encouraged. Pa-

tients learn low-fat cooking methods, portion 
control, and how to make appropriate choices 
in shopping, eating, and dining out. These les-
sons are valuable for those who struggle with 
long-term weight loss. Learning these behav-
iors through the program may help ease the 
transition to the weight-maintenance phase 
and beyond. For some patients, cooking is also 
a source of enjoyment, as is the sight, smell, 
and taste of nonliquid foods.10 
 In addition, patients appreciate being able 
to eat the same foods as others in their house-
hold, except for omitting high-carbohydrate 
foods. It has also been reported that patients 
on a food-based PSMF were significantly less 
hungry and preoccupied with eating than 
those on a liquid formula diet.17

 ■ CONTRAINDICATIONS 
AND SAFETY CONCERNS

Contraindications to the PSMF include a BMI 
less than 27 kg/m2, recent myocardial infarc-
tion, angina, significant arrhythmia, decom-
pensated congestive heart failure, cerebrovas-
cular insufficiency or recent stroke, end-stage 
renal disease, liver failure, malignancy, major 
psychiatric illness, pregnancy or lactation, and 
wasting disorders. It is also not recommended 
for patients under age 16 or over age 65. 
 In view of the risk of diabetic ketoaci-
dosis and the difficulty of titrating required 

Patients  
are usually  
encouraged  
by the initial  
period  
of rapid  
weight loss

                                                 Protein-sparing modified fast

High protein intake Caloric and carbohydrate restriction Low fat intake

Lower serum glucose

Lower serum insulin

Increased lipolysis Decreased fat

Less muscle loss 
Increased satiety 
Increased appetite suppression

Increased ketone bodies Decreased insulin resistance

FIGURE 2. As a result of carbohydrate restriction, high protein intake, and ketosis, the 
protein-sparing modified fast leads to lower blood glucose levels as well as rapid weight 
loss, mostly in the form of fat mass, while lean body mass (muscle) is preserved.

MODIFIED FROM BAKER S, JERUMS G, PROIETTO J. EFFECTS AND CLINICAL POTENTIAL OF VERY-LOW-CALORIE DIETS (VLCDS) IN TYPE 2 DIABETES. 
DIABETES RES CLIN PRACT 2009; 85:235–242.
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doses ofinsulin, patients with type 1 diabetes 
mellitus are usually not advised to undergo a 
low-carbohydrate or very-low-calorie diet.8,12 
However, we and others have found that the 

PSMF can be used in some obese patients with 
type 1 diabetes if it is combined with appropri-
ate education and careful monitoring.12

 Major concerns about the safety of the 
PSMF stem from experiences with the first 
very-low-calorie diets in the 1970s, which 
were associated with fatal cardiac arrhythmias 
and sudden death.18 These early diets used 
liquid formulas with hydrolyzed collagen pro-
tein of poor biologic value and were deficient 
in many vitamins and minerals. Today’s very-
low-calorie diets use protein sources of high 
biologic value (chiefly animal, soy, and egg for 
the PSMF) and are supplemented with neces-
sary vitamins and minerals, reducing the risk of 
electrolyte and cardiac abnormalities.9,19,20 Fur-
thermore, before starting the PSMF all patients 
must have an electrocardiogram to be sure they 
have no arrhythmias (eg, heart block, QT in-
terval prolongation) or ischemia.

Relative contraindications
A known history of cholelithiasis is a relative 
contraindication to a very-low-calorie diet 
and may be of concern for some patients and 
providers. While obesity itself is already a risk 
factor for gallstones, gallstone formation has 
also been associated with bile stasis, which oc-
curs from rapid weight loss with liquid formula 
diets of low fat intake (< 10 g/day).21 However, 
in the PSMF, fat intake from protein sources, 
though low (45–70 g/day), is considered high 
enough to allow adequate gallbladder contrac-
tion, thus decreasing the risk of gallstone for-
mation.22 
 Gout is another relative contraindication, 
as hyperuricemia with risk of gout is also linked 
to high-protein diets.9 Palgi et al23 found that 
uric acid levels rose by a mean of 0.4 mg/dL 
during the diet. The risk of gout, however, 
seemed to be small, occurring in fewer than 
1% of patients in the study. Furthermore, in a 
recent study by Li et al,24 uric acid levels were 
found to significantly decrease in patients on 
a high-protein, very-low-calorie diet. None-
theless, uric acid levels should be monitored 
regularly in patients on the PSMF. 

 ■ SIDE EFFECTS OF THE DIET

Common side effects of the PSMF include 
headache, fatigue, orthostatic hypotension, 
muscle cramps, cold intolerance, constipa-

TABLE 1

The protein-sparing modified fast program  
at Cleveland Clinic

At baseline and ongoing

 Baseline assessment (history, physical examination, electrocardiogra-
phy) by physician or nurse practitioner and dietitian, with continued 
follow-up 
   Dietitian visits every 2 weeks for first month and monthly thereafter 
  Physician or nurse practitioner visits every 6 to 8 weeks

Laboratory tests at baseline, every 2 weeks for first month, and 
monthly thereafter 
   Comprehensive metabolic panel 
   Uric acid

 Behavior modification

 Exercise

Intensive phase (up to 6 months)

Per day:

 1.5 g protein/kg ideal body weight  
(typically a total of 12–17 oz in the form of lean meat, poultry, fish, 
seafood, eggs, low-fat cheese, tofu)

 < 20 g carbohydrate 
(two servings of low-starch vegetables, unlimited lettuce salad) 
   Trace carbohydrates from other foods and shakes

 Restriction of fats not found in protein sources 
(no butter, margarine, oils, nuts, seeds, or dips; protein sources should 
contain < 3 g fat per ounce)

Required supplements 
   Multivitamin/mineral tablet 
   Potassium 16–20 mEq 
   Calcium 1,000–1,200 mg 
   Magnesium 400–500 mg 
   Sodium 1,500–2,000 mg

At least 64 oz of fluid 

Refeeding phase (6–8 weeks)

 Slowly reintroduce complex carbohydrates and fats; reduce protein 
   Month 1: up to 45 g carbohydrate 
   Month 2: up to 90 g carbohydrate 
  Low-glycemic, high-fiber cereals, fruits, vegetables 
   Low-fat foods 
   Daily protein reduced by 1–2 oz each month

Stop potassium and magnesium supplements after week 2
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tion, diarrhea, fatigue, halitosis, menstrual 
changes, and hair thinning. Most of these are 
transient and may be alleviated by adjusting 
fluid, salt, and supplement intake. Other side 
effects may disappear as the patient is weaned 
off the diet.8,9

 ■ REGULAR FOLLOW-UP  
WITH HEALTH CARE PROVIDERS

Current PSMF programs are considered safe 
when used in combination with regular fol-
low-up with health care providers.8,12 
 At Cleveland Clinic, patients meet with a 
dietitian twice in the first month and monthly 
thereafter (or more frequently if needed) for 
weight monitoring and education on nutri-
tion and behavior modification (TABLE 1). Since 
the PSMF does not provide complete nutri-
tion, daily supplementation with vitamins and 
minerals is required. 
 Daily exercise is encouraged throughout 
the program to increase fitness and to help 
keep the weight off during the refeeding phase 
and after.
 Patients also meet every 6 to 8 weeks with 
the referring nurse practitioner or physician 
for further monitoring and evaluation of vital 
signs, laboratory results, and side effects. The 
PSMF protocol at Cleveland Clinic enables 
both primary care physicians and specialists 
(including nurse practitioners) within our 
network to monitor the patient’s status. Use of 
a common electronic medical record system is 
particularly valuable for easy communication 
between providers. If a primary care physician 
feels unable to appropriately counsel and su-
pervise a patient in the PSMF program, refer-
ral to an endocrinologist or weight loss spe-
cialist is recommended.
 In addition to baseline electrocardiography 
and monitoring of uric acid levels, a comprehen-
sive metabolic panel is drawn at baseline, twice 
in the first month, and monthly thereafter to 
check for electrolyte imbalances and metabolic 
and tissue dysfunction such as dehydration, ex-
cessive protein loss, and liver or kidney injury.
 Patients should not attempt the PSMF with-
out medical supervision. Many patients have 
friends or family members who want to try the 
PSMF along with them, but this can be dan-
gerous, especially for those with hypertension 
or type 2 diabetes. The medications prescribed 

for these conditions can result in hypotension 
or hypoglycemia during the PSMF. 
 Although there are no standard guidelines 
for adjusting medication use before starting a 
patient on the PSMF, it is logical to taper off 
or discontinue antihypertensive agents in pa-
tients with tightly controlled hypertension to 
avoid possible dehydration and hypotension 
during the first few diuresis-inducing weeks of 
the diet. In particular, diuretic agents should 

TABLE 2

Effects of the protein-sparing modified fast  
in type 2 diabetes in clinical studies

Weight loss 
Average weight loss of 1–3 kg/week during intensive phase8,9,23–27,29 
 Total weight loss between 8 and 40 kg depending on duration of diet  
  and baseline weight23–25 
Partial regain of weight after 1 year27 
Return to baseline weight after 5 years33

Fat loss 
Fat loss from abdominal regions, leading to decrease  
  in central obesity25,29  
Type 2 diabetic patients may lose less fat during weight loss than 
  nondiabetic patients26

Fasting serum glucose 
Significant, immediate decreases in fasting serum glucose24,30,32 

Decreased glucose may last up to 1 year after intervention27 
Compared favorably against a control balanced, low-calorie diet27 

 Discontinuation or decreased doses of oral hypoglycemic agents and  
  insulin while on the diet; may remain medication-free for up to 1 year28

Hemoglobin A1c 
Significant absolute reductions of 1%–3%27,28,31

Insulin resistance 
Decreased fasting serum insulin25,27,28,30,31 
Enhanced insulin output during glucose load14,16,30  

Lipids 
Decreased triglycerides8,23,24,26 
Increased high-density lipoprotein cholesterol for up to 1 year24,27,28 
Shorter-term decrease in low-density lipoprotein cholesterol  
  or total cholesterol8,2427

Blood pressure 
Discontinuation of diuretic agents, with discontinuation or reduction  
  of other antihypertensive agents as needed9 
Lower systolic and diastolic blood pressure23,24,28

Kidney disease 
Lower serum creatinine and cystatin C levels in patients with diabetic  
  nephropathy31 
Potential reduction in albuminuria31
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Patients on  
a food-based  
PSMF were  
less hungry and  
preoccupied  
with eating  
than those  
on a liquid  
formula diet

be discontinued to prevent further electrolyte 
imbalance and fluid shifts.
 Similarly, in patients with tightly con-
trolled type 2 diabetes (hemoglobin A1c < 
7.0%), oral hypoglycemic agents and insulin 
therapy should be reduced before starting the 
diet to avoid potential hypoglycemia. During 
the course of the diet, providers should then 
adjust medication dosages based on follow-up 
vital signs and laboratory results and daily glu-
cose monitoring.8

 ■ EFFECTS OF THE PSMF IN PATIENTS  
WITH TYPE 2 DIABETES

Though few formal studies have been done, 
the PSMF may have major effects on hyper-
glycemia, cardiovascular risk factors, and 
diabetic nephropathy in obese patients with 
type 2 diabetes, at least in the short term 
(TABLE 2).

Weight loss
In one of the first PSMF studies,23 in 668 pa-
tients with or without type 2 diabetes (base-
line weight 98 kg), the mean weight loss was 
21 kg after the intensive phase and 19 kg by 
the end of the refeeding phase.
 In another observational report,25 25% to 
30% of patients lost even more weight, av-
eraging 38.6 kg of weight loss. Typically, the 
higher the baseline weight, the greater the 
weight loss during the PSMF.23

 Patients with type 2 diabetes lost a similar 
amount of weight (8.5 kg) compared with those 
without diabetes (9.4 kg, P = .64) in a study of 
meal-replacement PSMF (using OPTIFAST 
shakes and bars).26 In a large meal-replacement 
study of 2,093 patients, Li et al24 found that 
weight loss was similar between diabetic, pre-
diabetic, and nondiabetic patients. Weight loss 
was also closely maintained in those patients 
who stayed on the diet for 12 months. 

 In a PSMF study in which all the partici-
pants had type 2 diabetes, the mean weight 
loss was 18.6 kg. Although the patients re-
gained some of this weight, at 1 year they 
still weighed 8.6 kg less than at baseline. 
However, a conventional, balanced, low-
calorie diet resulted in similar amounts of 
weight loss after 1 year.27 Furthermore, a 
second round of the PSMF did not result in 

significant additional weight loss but rather 
weight maintenance.28

Fat loss and smaller waist circumference
Most of the weight lost during a PSMF is 
from fat tissue.11,26 Abdominal (visceral) fat 
may be lost first, which is desirable for pa-
tients with type 2 diabetes, since a higher 
degree of abdominal fat is linked to insulin 
resistance.2,29 
 After a meal-replacement PSMF, waist 
circumference decreased significantly in pa-
tients both with and without type 2 diabe-
tes.24,26 However, in one study, less fat was 
lost per unit of change of BMI in the group 
with type 2 diabetes than in the nondiabet-
ic group.26 Since insulin inhibits lipolysis, 
it is possible that exogenous insulin use in 
diabetic patients may prevent greater reduc-
tions in fat mass, though this is likely not the 
only mechanism.26

Lower fasting serum glucose
Fasting serum glucose levels decreased signifi-
cantly from baseline in patients with type 2 
diabetes after a PSMF in all studies that mea-
sured this variable.23–28,30,31 Changes in fasting 
glucose are immediate and are associated with 
caloric restriction rather than weight loss it-
self.30,32 Furthermore, the observed decrease 
in serum glucose is even more impressive in 
view of the withdrawal or reduction of doses 
of insulin and oral hypoglycemic agents before 
starting the diet.
 In a study that compared glycemic control 
in a PSMF diet vs a balanced low-calorie diet, 
the fasting serum glucose in the PSMF group 
declined 46%, from 255.9 mg/dL at baseline 
to 138.7 mg/dL at 20 weeks (P = .001). Af-
ter 1 year, it had risen back to 187.4 mg/dL, 
which was still 27% lower than at baseline 
(P = .023). These results compared favorably 
with those in the low-calorie diet group (P < 
.05), which saw fasting serum glucose decline 
27% after 20 weeks (from 230.6 mg/dL at 
baseline to 167.6 mg/dL) and then rise to 5% 
over baseline (243.2 mg/dL) after 1 year.27

 In a later study, the decrease in fasting 
serum glucose was not maintained at 1 year, 
but a significantly higher percentage (55%) 
of participants in the PSMF group were still 
able to remain free of diabetic medications 
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compared with those who followed a balanced 
low-calorie diet (31%, P = .01).28

Decrease in hemoglobin A1c
Declines in fasting serum glucose correspond-
ed with short-term declines in hemoglobin 
A1c in several reports.27–31 Hemoglobin A1c de-
clined significantly from an average of 10.4% 
to 7.3% (P = .001) after PSMF intervention 
in patients with type 2 diabetes. In contrast, 
hemoglobin A1c in the low-calorie diet con-
trol group declined from 10.4% to 8.6%.27 
One year later, hemoglobin A1c remained 
lower than at baseline in the PSMF group 
(final 9.2%) and continued to compare favor-
ably against the control group (final 11.8%, 
between-group P = .001). However, these 
1-year post-intervention improvements were 
not seen in a second, more intensive study.28

Less insulin resistance
In several studies, fasting serum insulin levels 
declined along with serum glucose levels, im-
plying decreased insulin resistance.25,27,28,30,31 In 
addition, insulin output was enhanced during 
glucose challenge after completion of the PSMF, 
suggesting possible improved (though still im-
paired) pancreatic beta-cell capacity.25,27,30

Improved lipid profile
The most common effect of the PSMF on the 
lipid profile is a significant decrease in triglyc-
erides in patients both with and without type 
2 diabetes.8,23,24,28 In addition, high-density li-
poprotein cholesterol increased in two studies 
following PSMF intervention or after 1-year 
of follow-up.24,27,28 Total cholesterol and low-
density lipoprotein cholesterol levels also im-
proved after the PSMF, but these changes were 
not always maintained at follow-up visits.8,24,28

Lower blood pressure
Improvements in both systolic and diastolic 
blood pressure were noted in two studies, 
with mean decreases of 6 mm Hg to 13 mm 
Hg systolic and 8 mm Hg diastolic after PSMF 
intervention.23,28 In a third study, reductions 
in blood pressure were less dramatic, and only 
changes in diastolic but not systolic blood 
pressure remained significant at 12 months.24 
While improvements were not observed in a 
fourth study, patients in this study also had 
impaired kidney function caused by diabetic 

nephropathy, and changes in medication were 
not taken into account.31

Kidney function tests
In a small study, Friedman et al showed that 
12 weeks of the PSMF in six patients with ad-
vanced diabetic nephropathy (stage 3B or stage 
4 chronic kidney disease) led to a loss of 12% 
of body weight (P = .03) as well as significant 
reductions in serum creatinine and cystatin 
C levels (P < .05).31 In addition, albuminuria 
decreased by 30% (P = .08). Side effects were 
minimal, and the diet was well tolerated de-
spite its high protein content, which is a con-
cern in patients with impaired kidney function. 
 Thus, weight loss via the PSMF may still 
be beneficial in type 2 diabetic patients with 
chronic kidney disease and may even improve 
the course of progression of diabetic nephrop-
athy.

Long-term weight loss is elusive
Long-term weight loss has been an elusive goal 
for many diet programs. In a study using a very-
low-calorie diet in obese patients with type 
2 diabetes, substantial weight loss was main-
tained in half of the patients at 3 years after the 
intervention, but nearly all of the patients had 
regained most of their weight after 5 years.33 
 While commitment to behavior modifi-
cation, maintenance of physical activity, and 
continued follow-up are all critical factors 
in sustaining weight loss, new and innova-
tive approaches to battle weight regain are 
needed.34

 Yet despite considerable weight regain in 
most patients, the Look AHEAD (Action for 
Health in Diabetes) study showed that partici-
pants in intensive lifestyle intervention programs 
still achieved greater weight loss after 4 years than 
those receiving standard care.35 Whether this 
holds true for those in intensive PSMF programs 
is unknown. In addition, conclusive PSMF stud-
ies regarding glycemic control, lipids, and blood 
pressure beyond 1 year of follow-up are lacking.

 ■ A VIABLE OPTION FOR MANY

Adherence to a very-low-calorie, ketogenic 
PSMF program results in major short-term 
health benefits for obese patients with type 2 
diabetes. These benefits include significant 

Patients  
should not  
attempt  
the PSMF  
without  
medical  
supervision
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weight loss, often more than 18 kg, within 6 
months.23–28 In addition, significant improve-
ments in fasting glucose23–28,30–32 and hemoglo-
bin A1c levels27–31 are linked to the caloric and 
carbohydrate restriction of the PSMF. Insulin 
resistance was also attenuated, with possible 
partial restoration of pancreatic beta-cell ca-
pacity.25,27,28,30,31 In some studies, the PSMF 
resulted in lower systolic and diastolic blood 
pressure23,24,28 and triglyceride levels.8,23,24,28 
One small study also suggested a possible im-
provement of diabetic nephropathy.31 Lastly, 
improvements in glycemia and hypertension 
were associated with a reduction in the need 
for antidiabetic and antihypertensive drugs.36

 Still, weight loss and many of the associated 
improvements partially return to baseline lev-
els 1 year after the intervention. Thus, more 
long-term studies are needed to explore factors 
for better weight maintenance after the PSMF. 

 Also, only a few studies have compared the 
effect of the PSMF between patients with or 
without type 2 diabetes. One study suggested 
that fat loss may be reduced in patients with 
type 2 diabetes.26 
 In conclusion, despite some risks and 
safety concerns, PSMF is a viable option 
for many obese, type 2 diabetic patients as a 
method of short-term weight loss, with evi-
dence for improvement of glycemic control 
and cardiovascular risk factors for up to 1 
year. To strengthen support for the PSMF, 
however, further research is warranted on 
the diet’s long-term effects in patients with 
type 2 diabetes and also in nondiabetic pa-
tients.	 ■
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Multidisciplinary Treatment of Obesity with a Protein-sparing Modified Fast:
Results in 668 Outpatients
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Abstract: Six hundred sixty-eight obese outpatients, 71 per cent
(t 34) in excess of ideal weight, were enrolled in a multidisciplinary
weight control program. The major components of the program
included nutrition, education, behavior modification, and exercise.
Rapid weight loss was accomplished using a very low calorie (less
than 800 kcal) ketogenic diet. Patients adhered to the protein sparing
modified fast (PSMF) for 17 + 12 weeks and averaged 9 + 17 weeks
in a refeeding/maintenance program. Mean weight loss was 47 ± 29

Introduction
Despite the unfortunate experiences caused by wide-

spread, unsupervised use oflow-quality liquid protein diets in
the early 1970s,I responsible versions of very low calorie
diets (VLCDs) are now recognized as a safe and appropriate
therapy for high-risk obesity.2 Safe use of VLCDs requires
protein sources of high biologic value and supplementation
with proper vitamins, minerals, and electrolytes. These diets
must be supervised by medical personnel familiar with the
metabolism of fasting, and limited to patients with "medically
significant obesity."3

The threshold for defining medically significant obesity
has been cited by various authors as ranging from 120 per cent
to 160 per cent of ideal body weight (relative weight).'7 Since
the risks of obesity appear to increase continuously with
increasing weight, any attempt to distinguish between sub-
groups is necessarily arbitrary. It is helpful for treatment
purposes, however, to divide the spectrum of obese states
into the categories shown in the Appendix.

Methods

Patients and Program Description
A total of 668 outpatients enrolled in the Center for

Nutrition Research (CNR) Clinic between 1973 and 1977.
Many came on their physicians' advice but most were
self-referred. Our approach emphasizes patients' responsi-
bility for their own achievements. The major components are
nutrition education, behavior modification, and exercise.
These are described in detail elsewhere.8'9

Patients included in this report were those who spent at
least one week on the protein sparing modified fast (PSMF). 10
This group does not include 60 patients enrolled in the CNR
who had contraindications to supplemental fasting. We
considered the following to be contraindications for the fast:
pregnancy, age under 17 or greater than 75 years, Type I
diabetes mellitus, myocardial infarction within six months,
severe psychiatric disturbance (requiring drug therapy be-
yond minor tranquilizers), and severe hepatic or renal dis-
ease. With the exception of 62 patients in research protocols,
the PSMF was restricted to patients with moderate or more
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lb (21 ± 13 kg) at the point of minimum weight and 41 ± 29 lb (19 +
13 kg) at the end of the maintenance period. Systolic and diastolic
blood pressure and serum triglycerides fell significantly in men and
women. Success in weight loss was greatest in the heaviest patients,
those who adhered the longest to the PSMF, and those who stayed
the longest in the maintenance program. (Am J Public Health 1985;
75:1190-1194.)

severe obesity (2 130 per cent of ideal body weight). Almost
all of the clinic population consisted of white, upper-middle
class United States citizens. Other than a few patients whose
diet was initiated in hospital because they were on higher
doses of insulin or anti-hypertensive agents, all care was
provided in an outpatient setting.

The initial stage of the program lasted approximately
four weeks. In the first week, patients were asked to record
their usual food intake and physical activities. Then they
were placed on a 1,000 kcal balanced deficit diet (BDD) for
three weeks and instructed to continue recording their food
intake and activity. This record was reviewed with patients
weekly. Initial medical evaluation included a medical history
and physical examination by a physician, a complete blood
count, blood chemistries, urinalysis, chest x-ray, electrocar-
diogram, and the Minnesota Multiphasic Personality Inven-
tory.

If no contraindications had been noted during the initial
weeks, patients were placed on the PSMF. This diet provides
a daily intake of 1.5 gm of protein per kilogram of ideal body
weight in the form of lean meat, fish, or fowl. Preweighed
portions are divided over two to three meals per day. In
addition, patients receive a supplement providing the RDA
for all vitamins and essential minerals except calcium, mag-
nesium and phosphorous, and 400 mg calcium. Patients were
encouraged to drink a minimum of 1.5 L of fluid a day and to
consume at least 5 gm of sodium chloride.

Weekly clinic visits were scheduled during which
weight, blood pressure, and urine and breath ketone levels
were monitored by a nurse. Patients then met with a coun-
selor to review their progress, gain support, and set realistic
goals for coping with specific food-related problems. The
clinic counselors were individuals with training in psychology
at the undergraduate or master's level who worked under the
supervision of a clinical psychologist. Patients also had
weekly educational lectures, discussions, or readings. Topics
included nutrition, methods of behavior change, and exercise
physiology.

When patients neared their target weight, a refeeding and
maintenance program was initiated. This was prescribed as a
12-week program in which carbohydrate was gradually added
until a balanced maintenance diet was established. During
this period patients met weekly with their counselor where
techniques for maintaining weight while coping with every-
day food cues were discussed.

Information for this report was abstracted from the
medical record of every patient treated with the PSMF for at
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TABLE 1-Patient Characteristics at Time of Enrollment

All Patients Women Men

Number of patients 668 564 104
Age (yrs) 38 + 11* 38 41
Entry Weight (lb) 216 ± 49 207 264
Entry Weight (kg) 98 ± 22 94 120
Height (cm) 165 ± 6 163 177
Ideal Body Weight (kg) 57 ± 7 55 69
Per Cent Excess Weight 71 ± 34 70 74
Body Mass Index 36 ± 7 35 38
Age of Obesity Onset 16 ± 12 16 16
Years of School 15 ± 2 15 16
% Who are Married (N = 319) 67 66 74
% Who had Obese Father (N = 122) 63 57 91
% Who had Obese Mother (N = 123) 73 71 82

.mean ± standard deviation.

least seven days during the years 1973-77. Data on physio-
logical parameters (blood pressure and blood chemistries)
and family history were obtained on half of the population,
selected by choosing every other chart from an alphabetical
file.
Definition of Variables

Most patients in our program participated in a mainte-
nance phase following the PSMF. As a result, their final
weight on completing the program was often different from
the lowest weight reached while on the fast. The latter value
is termed minimum weight and is reported along with the final
weight measured in our program. Excess weight is based on
the 1959 Metropolitan Life Insurance Company weight for
height standard.4 Body frame was not taken into account,
except in the extreme cases of a very small frame. The
mid-point of the ideal weight for each height was selected as
a reference point.

We also report an additional measure, Feinstein's
Weight Loss Index, because it takes into account both height,
weight, and the initial excess weight."'12 This index is
calculated as the per cent excess weight lost times (initial
weight/ideal weight). Statistical comparisons between groups
are based on the Student's t-test, Pearson product moment
correlations, and step-wise multiple regression.

Results
Table 1 describes the characteristics of our patients on

entry to the program.

Adherence to Program and Weight Loss Results
Table 2 shows measures of weight change from entry to

the minimum weight in the program and to the final weight
recorded. The minimum and final values shown in these
Tables are all significantly different from entry values. Final
weights indicated that the average patient had regained only
6.2 + 12.1 lbs. during the refeeding/maintenance period.
While weight loss averaged one-fifth of total body weight, it
represented almost half of the patients' weight above ideal.

Each patient was classified as a success or failure
according to different criteria to allow comparison with other
weight loss studies. Table 3 shows the result of using differing
criteria ofweight loss success. Some criteria are easier for the
heaviest patients to reach and some are more difficult. For
example, 70 per cent of the heaviest half of our population
had lost 40 lbs. at their minimum weight but only 25 per cent
reached c 130 per cent ideal body weight.

TABLE 2-Weight Loss Results

Total Women Men
(mean ± SD) (mean) (mean)

From Entry to Minimum Weight
Weeks from entry to minimum weight 21.20 ± 11.80 20.6 22.19
Weeks on PSMF 17.42 ± 11.72 17.8 15.4
Kilograms lost 21.44 ± 13.27 20.5 26.7
% Excess body weight lost 56.54 ± 26.23 57 53
Weight reduction index 93.90 ± 41.75 94 92

From Entry to Final Weight
Weeks in from entry to final weight 31.29 ± 21.95 32.1 26.7
Kilograms lost 18.60 ± 13.00 12.0 23.9
% Excess body weight lost 48.30 ± 25.86 48 48
Weight reduction index 80.69 ± 42.75 80 83

TABLE 3-Alternative Measures of Success for Short-term Weight Loss

All Women Men

Entry to minimum weight
N 668 564 104
% Patients losing 40 lbs 50 47 63
% Patients reaching 1130%6 IBW 53 53 54
% Patients losing half excess weight 57 57 54
% Patients reaching Reduction Index of 60 76 77 76

Entry to final weight
% Patients losing 40 lbs 42 38 60
% Patients losing '130% IBW 47 46 47
% Patients losing half excess weight 46 46 47
% Patients reaching Reduction Index of 60 66 64 73

Changes in Physiological Parameters
As shown in Table 4, systolic blood pressure fell an

average of 13 mm Hg and diastolic blood pressure fell 8 mm
Hg. Mean fasting blood sugar fell by 15 mg/dl and serum
triglicerides by 37 mg/dl. All of these changes are highly
significant by paired t-test (p < .0001).

Serum cholesterol changes were variable, and sex-
related. Despite an increase in mean cholesterol for women,
the per cent of women who had a cholesterol level . 200
mg/dl fell from 64 per cent at entry to the program to 40 per
cent at the final measurement. While 28 per cent of women
had a serum cholesterol of 2 250 at entry, only 23 per cent
did at the final measurement. Average uric acid levels rose
slightly, by 0.4 mg/dl.

Predictors for Weight Loss
Other than measures of excess weight, few of the

variables available to describe patient characteristics on
entry to the clinic were correlated with eventual weight loss.
The per cent excess weight at entry was strongly correlated
with both pounds lost at minimum (r = .58) and per cent of
excess weight lost at minimum (r = .30). Although age at
entry and reported age of onset of obesity showed small,
significant correlations with weight loss, these relationships
did not persist in a multiple regression using the maximum
R-square improvement technique in which weight at entry
was included. Marital status, years of education, family
history of obesity, and entry blood pressure, triglycerides,
and cholesterol were not correlated with weight loss success.

Table 5 illustrates the strong relationship between the
time patients remained on the PSMF and their weight loss.
Time on the PSMF is also strongly related to the degree of
patient weight problem at entry.

A.JPH October 1985, Vol. 75, No. 10 1191



PALGI, ET AL.

TABLE 4-Changes in Physiological Parameters from Entry to Final Assessment

N All Patients Female Male

Systolic Blood Pressure (mm/Hg)
Entry 335 135 133 144
Entry-final 334 12.99 12.76 14.34
95% confidence intervals on change value (11.02, 14.96) (10.65, 14.87) (9.12, 19.49)

Diastolic Blood Pressure (mm/Hg)
Entry 335 87 86 93
Entry-final 334 8.37 7.87 11.2
95% confidence intervals on change value (7.07, 9.67) (6.53, 9.21) (7.21, 15.19)

Blood sugar (mg/dl)
Entry 296 97 97 97
Entry-final 170 14.77 15.07 12.73
95% confidence intervals on change value (11.96, 17.58) (8.87, 21.27) (4.43, 21.03)

Triglycerides (mg/dl)
Entry 301 133 127 170
Entry-final 154 36.75 28.24 101.06
95% confidence intervals on change value (31.04, 42.45) (17.63, 38.85) (62.47, 139.65)

Cholesterol (mg/dl)
Entry 327 225 225 225
Entry-final 181 -6.53* - 10.85* 23.13
95% confidence intervals on change value (-11.04, 2.02) (-20.44, -1.26) (4.69, 41.57)

Uric Acid (mg/dl)
Entry 327 5.9 5.6 7.6
Entry-final 180 -0.40* -0.50* -0.30*
95% confidence intervals on change value (-0.82, 0.02) (-0.73, -0.27) (-0.71, 0.11)

*negative values indicate increase in parameter from entry to final measurement.

TABLE 5-Entry Characteristics, Outcomes, and Compliance with PSMF

Time Patient Remained on PSMF (weeks)

0-6 7-12 13-24 -25

Entry Characteristics
N 119 156 227 166
Age 35 ± 11 38 ± 11 39 ± 11 40 ± 10
Ageofobesityonset 17 ± 12 17 ± 12 16 ± 12 13 ± 12
Weight (kg) 91 ± 23 93 ± 21 97 ± 21 109 ± 22
Weight (lb) 199 ± 51 205 ± 45 214 ± 46 239 ± 48

Outcomes
Kilograms lost 9.39 ± 6.98 14.70 ± 5.10 22.75 ± 9.37 34.62 ± 14.41

Pounds lost 20.66 ± 15.37 32.35 ± 11.23 50.05 ± 20.62 76.17 ± 31.70
% Excess body weight lost 35 ± 23 51 ± 28 62 ± 24 69 ± 19
Weight Reduction Index 51 ± 28 77 ± 30 102 ± 31 129 ± 37

Side Effects and Mortality
The principal symptom experienced by patients on the

PSMF was mild postural lightheadedness occurring in a
minority of patients in the first two weeks. This was usually
relieved by increasing salt intake. All patients noticed a
decrease in the quantity and frequency of bowel movements
but only a few required laxative therapy. A small number of
patients experienced generalized hair loss after many weeks
on the fast. This transient phenomenon has been described
elsewhere as "telogen effluvium."'3 There were no deaths
among patients while undergoing the PSMF. We are aware of
five deaths in the patients described in this report, all of which
occurred at least one year after leaving the program. This
mortality rate is consistent with that expected in this popu-
lation.

Other weight loss studies have reported emotional dis-
turbances in a significant number of obese patients, including
onset or intensification of depression and anxiety.4",5 Very
few of these symptoms were observed in our program. Most
patients felt well on the PSMF and were encouraged by their

ability to lose weight. Emotional problems may occur once
the patient is off the diet struggling to maintain weight loss:
feelings of failure and frustration were noted in patients who
were unsuccessful in maintaining the weight loss at the
maintenance stage.

Discussion

Our results are better than those seen in programs using
primarily behavior therapy'2 and compare favorably with 14
other major studies using very low calorie diets. '29 Since all
of the patients described here were offered the same
multidisciplinary program of diet, exercise, behavior modi-
fication, and nutrition education, it is not possible to assess
the relative contribution of each component to the program's
success.

In many of the very low calorie diet studies cited above,
patients were treated with formula diets containing various
combinations of milk or egg protein and carbohydrates. No
added carbohydrate is provided on the PSMF, in contrast to
most of the studies cited above. We believe that the pro-
nounced ketosis seen when carbohydrate is absent enhances
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the anorectic effects of the diet. Although early empirical
evidence on this effect was conflicting,3 3031 a recent ran-
domized trial found that patients on a PSMF reported
significantly less hunger and preoccupation with eating when
compared to patients on a formula diet with carbohydrate
included.32

Carbohydrate apparently does not improve protein spar-
ing in very low calorie diets.3>35 Contaldo has shown that
obese patients on a 180-Kcal diet containing 40 grams of
protein experienced significantly better nitrogen balance than
patients on an isocaloric diet in which 26 grams of carbohy-
drate replaced some of the protein.36

On the other hand, two studies using a small number of
subjects were unable to show a difference in protein sparing
between protein and protein plus carbohydrate,37'38 but both
studies had a number of methodologic problems.39

There is another theoretical advantage to omitting car-
bohydrate from a very low calorie diet. If a diet contains the
minimum amount of protein needed to prevent loss of lean
body mass, addition of carbohydrate adds calories and will
therefore decrease the rate of weight loss.

In a recent randomized trial in 17 healthy obese women,
a diet containing 1.5 gm protein/kg ideal body weight was
found to result in significantly better protein sparing than an
isocaloric diet providing only .8 gm protein/kg ideal body
weight.' Patients lost weight at the same rate on the two
diets, but since there was less nitrogen loss on the diet
without carbohydrate, it can be assumed that more fat loss
occurred than on the diet where carbohydrate replaced some
of the protein.

Reports of weight loss typically show that absolute
weight loss and per cent excess are correlated with starting
weight."'24'25'29 The magnitude of our patients' average
systolic and diastolic blood pressure reductions are consis-
tent with the 7 mmHg per 10 per cent reduction of relative
weight noted in the Framingham Study.4' The hypotensive
effect ofweight loss has been shown to be due to factors other
than changes in sodium balance. Hypothesized mechanisms
include changes in sympathomimetic hormone activity, ad-
justments in the renin-angiotensin system, and reduction and
redistribution of blood volume. 6'42'43 The potential efficacy
ofthis approach is supported by our finding that 108 ofour 160
patients who initially had diastolic blood pressures >90
mmHg were normotensive following weight loss.

Our finding that serum triglycerides fell significantly in
both men and women is also consistent with those of many
previous studies.9'20 Clinical studies of weight loss programs
have reported variable effects on cholesterol and high density
lipoprotein.2'4445 Observed changes in serum cholesterol
with weight loss may have been due to the fact that choles-
terol rises transiently in some individuals following about 40
lbs of weight loss.

Serum uric acid is known to rise in individuals on
ketogenic regimens providing less than 900 calories per day.
Uric acid also follows a biphasic course on the PSMF, rising
slightly over the first 6-8 weeks and then falling during
maintenance of a new, lower weight. Attacks of acute gouty
arthritis, however, occurred in less than 1 per cent of our
subjects.

For most patients with moderate or more severe obesity
(2 130 per cent ideal body weight), very low calorie diets
provide a safe opportunity to lose a large fraction of their
excess weight. Unfortunately, this weight loss does not
always constitute a cure because many patients eventually
gain back much or all of the lost weight.2

OBESITY TREATMENT USING PSMF

The fact that only a minority of the patients maintain
long-term weight reduction should not be an excuse for
therapeutic nihilism. All obese patients deserve an opportu-
nity to achieve long-term weight reduction. Even for those
who fail to maintain their losses, weight regain is often not
immediate. It is not known to what extent a few years of
weight reduction provides some reduction in cardiovascular
risk. Other approaches to control of cardiovascular risk are
also subject to long-term compliance problems. For example,
at five year follow-up in the Hypertension Detection and
Follow-up Program, 20-36 per cent of patients in the Stepped
Care group (treatment arm) had diastolic blood pressures
above the target level.46

Relatively short duration ofweight reduction may confer
other benefits. For example, decreases in medications for
hypertension and diabetes could reduce side effects, drug
costs, and physician visits for a few months or years.
Symptoms of breathlessness and osteoarthritis are likely to
be ameliorated when weight is down. Moreover, patients who
undergo major elective surgical procedures during the time
their weight is reduced could have lower risk of complica-
tions.47-49

Weight loss followed by rapid regain, on the other hand,
may be harmful. We have observed, along with others, that
patients seem to have a more difficult time on VLCD
programs which follow previous weight loss and regain [Kelly
Brownell, PhD, personal communication]. Until more is
known about the benefits and risks of transient weight
reduction, very low calorie diets should only be conducted
under the supervision of experienced clinicians and in con-
junction with behavior modification programs to maximize
the chance of long-term weight maintenance.
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APPENDIX
Classification, Incidence, and Risk of Obesity

Incidence per
Per Cent 1 00a
Relative Relative Risk

Category Weight Male Female of Mortality

Normal 100-110 263 184 1
Mild Overweight 110-120 181 127 1.16b
Mild Obesity 120-130 81 106 1.28b
Moderate Obesity 130-160 53 119 1.46b
Severe Obesity 160-200 1 34 3-5b
Morbid Obesity 200-250 7 6813cd
Super-morbid Obesity >250 J >15d

a) NCHS Study.50
b) Lew and Garfinkel's American Cancer Society Study.3
c) Dublin and Marks, Metropolitan Life Study.5'
d) Drenick, Bales, Seltzer Study.52
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Scientific Opinion on the substantiation of health claims related to 

very low calorie diets (VLCDs) and reduction in body weight (ID 1410), 

reduction in the sense of hunger (ID 1411), reduction in body fat mass 

while maintaining lean body mass (ID 1412), reduction of post-prandial 
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profile (1421) pursuant to Article 13(1) of Regulation (EC) No 1924/2006
1
 

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA)
2, 3

 

European Food Safety Authority (EFSA), Parma, Italy 

SUMMARY 

Following a request from the European Commission, the Panel on Dietetic Products, Nutrition and 

Allergies was asked to provide a scientific opinion on a list of health claims pursuant to Article 13 of 

Regulation (EC) No 1924/2006. This opinion addresses the scientific substantiation of health claims 

in relation to very low calorie diets (VLCDs) and reduction in body weight, reduction in the sense of 

hunger, reduction in body fat mass while maintaining lean body mass, reduction of post-prandial 

glycaemic responses, and maintenance of normal blood lipid profile. The scientific substantiation is 

based on the information provided by the Member States in the consolidated list of Article 13 health 

claims and references that EFSA has received from Member States or directly from stakeholders. 

The diet that is the subject of the claims is "very low calorie diet (VLCD) program". The Panel 

considers that whereas the diet that is the subject of the claim, very low calorie diet, is sufficiently 

characterised in relation to the following claimed effects: reduction in body weight (ID 1410), 

reduction in the sense of hunger (ID 1411), and reduction in body fat mass while maintaining lean 

body mass (ID 1412), very low calorie diet is not sufficiently characterised in relation to: reduction of 

post-prandial glycaemic responses (ID 1414) and maintenance of normal blood lipid profile 
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(ID 1421), mainly owing to the lack of standardisation of the type of available carbohydrates and of 

most of the fatty acids that formula foods for use in very low calorie diets should contain.  

The Panel concludes that a cause and effect relationship cannot be established between the 

consumption of a very low calorie diet and reduction of post-prandial glycaemic responses (ID 1414) 

and maintenance of normal blood lipid profile (ID 1421). 

Reduction in body weight 

The claimed effect is “safe and effective weight loss, long term weight maintenance”. The target 

population is assumed to be obese adults who wish to reduce their body weight. The Panel considers 

that reduction in body weight is a beneficial physiological effect. 

In weighing the evidence, the Panel took into account that the evidence provided consistently showed 

a greater reduction of body weight in obese subjects on very low calorie diets compared to other 

dietary interventions aimed at weight loss.  

On the basis of the data presented, the Panel concludes that a cause and effect relationship has been 

established between the consumption of a very low calorie diet and reduction in body weight.  

The Panel considers that in order to bear the claim, a diet should comply with the specifications and 

conditions of use laid down in CODEX STAN 203-1995. The target population is obese adults who 

wish to reduce their body weight. 

Reduction in the sense of hunger  

The claimed effect is “reduced hunger”. The target population is assumed to be obese adults in the 

general population. In the context of the proposed wordings, the Panel assumes that the claimed effect 

refers to a reduction in sense of hunger mediated by the induction of ketogenesis during a sustained 

energy deficit. The Panel considers that reduction in the sense of hunger during a sustained energy 

deficit is a beneficial physiological effect.  

No references were provided which addressed the effects of very low calorie diets on sense of hunger. 

On the basis of the data presented, the Panel concludes that a cause and effect relationship has not 

been established between the consumption of a very low calorie diet and reduction in the sense of 

hunger during a sustained energy deficit. 

Reduction in body fat mass while maintaining lean body mass  

The claimed effect is “burning fat for energy, preserving lean tissue”. The target population is 

assumed to be obese adults in the general population. In the context of the proposed wordings, the 

Panel assumes that the claimed effect refers to the loss of fat mass while maintaining lean body mass 

during weight loss. The Panel considers that reduction in body fat mass while maintaining lean body 

mass is a beneficial physiological effect. 

In weighing the evidence, the Panel took into account that the evidence provided does not consistently 

show a greater reduction in body fat mass relative to lean body mass in obese subjects on very low 

calorie diets compared to other dietary interventions aimed at weight loss.  

On the basis of the data presented, the Panel concludes that a cause and effect relationship has not 

been established between the consumption of a very low calorie diet and reduction in body fat mass 

while maintaining lean body mass. 
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See Appendix B 
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INFORMATION AS PROVIDED IN THE CONSOLIDATED LIST 

The consolidated list of health claims pursuant to Article 13 of Regulation (EC) No 1924/2006
4
 

submitted by Member States contains main entry claims with corresponding conditions of use and 

literature for similar health claims. EFSA has screened all health claims contained in the original 

consolidated list of Article 13 health claims which was received by EFSA in 2008 using six criteria 

established by the NDA Panel to identify claims for which EFSA considered sufficient information 

had been provided for evaluation and those for which more information or clarification was needed 

before evaluation could be carried out
5
. The clarifications which were received by EFSA through the 

screening process have been included in the consolidated list. This additional information will serve 

as clarification to the originally provided information. The information provided in the consolidated 

list for the health claims which are the subject of this opinion is tabulated in Appendix C. 

ASSESSMENT 

1. Characterisation of the food/constituent 

The diet that is the subject of the claims is "very low calorie diet (VLCD) program". 

Very low calorie diets (VLCDs) or very low energy diets are diets which contain energy levels 

between 450 and 800 kcal per day, and 100 % of the recommended daily intakes for vitamins and 

minerals. They should contain not less than 50 g of high-quality protein 

(protein-digestibility-corrected amino acid score of 1), should provide not less than 3 g of linoleic acid 

and not less than 0.5 g alpha-linolenic acid with a linoleic acid/alpha-linolenic acid ratio between 5 

and 15, and should provide not less than 50 g of available carbohydrates (CODEX STAN 203-1995
6
). 

VLCDs are typically used for 8-16 weeks.  

The Panel notes that the nutritional composition and use of VLCDs is not regulated in the European 

Union.  

Additional components or interventions included in a "very low calorie diet (VLCD) program", 

however, are not sufficiently characterised; these may vary between programs and may affect both 

initial weight loss and long term weight maintenance. Similarly, the types of available carbohydrates 

(e.g. their chemical composition and physical properties) which formula foods for use in VLCDs 

should contain, are not specified. The Panel also notes that the fatty acid composition of formula 

foods for use in VLCDs is only partially specified (CODEX STAN 203-1995).  

The Panel considers that whereas the diet which is the subject of the claim, VLCD, is sufficiently 

characterised in relation to the following claimed effects: reduction in body weight (ID 1410), 

reduction in the sense of hunger (ID 1411), and reduction in body fat mass while maintaining lean 

body mass (ID 1412), VLCD is not sufficiently characterised in relation to: reduction of post-prandial 

glycaemic responses (ID 1414) and maintenance of normal blood lipid profile (ID 1421), mainly 

owing to the lack of standardisation of the type of available carbohydrates and of most of the fatty 

acids that formula foods for use in VLCDs should contain. 

                                                      
4  Regulation (EC) No 1924/2006 of the European Parliament and of the Council of 20 December 2006 on nutrition and 

health claims made on foods. OJ L 404, 30.12.2006, p. 9–25.  
5  EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 2011. General guidance for stakeholders on the 

evaluation of Article 13.1, 13.5 and 14 health claims. EFSA Journal, 9(4):2135, 24 pp. 
6  CODEX STAN 203-1995. CODEX STANDARD for Formula Foods for Use in Very Low Energy Diets for Weight 

Reduction  
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The Panel concludes that a cause and effect relationship cannot be established between the 

consumption of a VLCD and reduction of post-prandial glycaemic responses (ID 1414) and 

maintenance of normal blood lipid profile (ID 1421). 

The Panel considers that the diet which is the subject of the claim, VLCD, is sufficiently 

characterised in relation to the following claimed effects: reduction in body weight (ID 1410), 

reduction in the sense of hunger (ID 1411) and reduction in body fat mass while maintaining lean 

body mass (ID 1412). 

2. Relevance of the claimed effect to human health 

2.1. Reduction in body weight (ID 1410) 

The claimed effect is “safe and effective weight loss, long term weight maintenance”. The Panel 

assumes that the target population is obese adults who wish to reduce their body weight. 

In the context of the proposed wordings, the Panel assumes that the claimed effect refers to a 

reduction in body weight.  

Weight loss can be interpreted as the achievement of a normal body weight in previously obese 

subjects. In this context, weight loss in obese subjects without the achievement of a normal body 

weight is considered a beneficial physiological effect.  

The Panel considers that reduction in body weight is a beneficial physiological effect. 

2.2. Reduction in the sense of hunger (ID 1411) 

The claimed effect is “reduced hunger”. The Panel assumes that the target population is obese adults 

in the general population. 

In the context of the proposed wordings, the Panel assumes that the claimed effect refers to a 

reduction in sense of hunger mediated by the induction of ketogenesis during a sustained energy 

deficit.  

The Panel considers that reduction in the sense of hunger during a sustained energy deficit is a 

beneficial physiological effect.  

2.3. Reduction in body fat mass while maintaining lean body mass (ID 1412) 

The claimed effect is “burning fat for energy, preserving lean tissue”. The Panel assumes that the 

target population is obese adults in the general population. 

In the context of the proposed wordings, the Panel assumes that the claimed effect refers to the loss of 

fat mass while maintaining lean body mass during weight loss.  

The Panel considers that reduction in body fat mass while maintaining lean body mass is a beneficial 

physiological effect. 
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3. Scientific substantiation of the claimed effect 

3.1. Reduction in body weight (ID 1410) 

The references provided for the scientific substantiation of the claim included abstracts with 

insufficient information for a scientific evaluation, narrative reviews, and human intervention studies 

on diets other than VLCDs (e.g. low carbohydrate diets and low fat diets) and/or effects other than 

body weight changes (e.g. body composition and snoring). The Panel considers that no conclusions 

can be drawn from these references for the scientific substantiation of the claim. 

Four reviews (Ayyad and Andersen, 2000; Jebb and Goldberg, 1998; Miura et al., 1989; Mustajoki 

and Pekkarinen, 2001) and two meta-analyses (Anderson et al., 2004; Gilden Tsai and Wadden, 2006) 

including most of the original human intervention studies presented on the effects of VLCDs on body 

weight loss were provided.  

The two meta-analyses were based on 19 individual studies including more than 2,500 overweight or 

obese subjects (the majority of whom were obese) of both sexes (the majority of whom were females) 

treated with VLCDs for between eight and 28 weeks (median 22 weeks), and with a follow-up period 

of between one and five years.  

The meta-analysis by Anderson et al. (2004) was based on 47 intervention studies conducted in obese 

but otherwise healthy adult subjects (BMI at least 30 kg/m
2
 at baseline) which assessed the effects of 

meal replacements (at least two meal replacements per day, four studies), energy restricted diets 

(providing >1,500 kcal per day, six studies), low-energy diets (providing 800-1500 kcal per day, 

10 studies), VLCDs (providing up to 800 kcal per day, 19 studies), and soy diets (providing up to 

800 kcal per day, eight studies), and reported weight loss data after 24 weeks of treatment. 

Participants in the 19 studies on VLCDs were 1,968 obese subjects of both sexes with an average 

initial BMI of 39.6 kg/m
2
 (range 36.1 to 41.9 kg/m

2
). The mean drop-out rate in these studies was 

35.3 %. Data were reported for 1,347 women and 396 men. Subjects lost an average of 22.6 % of their 

initial body weight over the 24 weeks of intervention; such weight loss was significantly higher than 

the weight loss achieved with any other weight loss strategy considered, and this significant 

difference with respect to other weight loss strategies was maintained after one year. However, no 

significant differences in body weight loss were observed between weight loss strategies at longer 

follow-ups. Subjects on VLCDs maintained an average weight loss of 16.1 %, 9.7 %, 7.8 %, 7.0 % 

and 6.2 % of their initial body weight at follow-up after one, two, three, four and five years, 

respectively. Large individual differences were observed in long-term effectiveness depending on the 

initial amount of weight loss, additional (behavioural) interventions, and level of physical activity. 

VLCDs and low-energy-diet programs were the weight loss strategies which required more 

aggregated medical visits, clinic visits and class hours (e.g. intensity score about four times higher 

than meal replacements). The Panel notes that the majority of studies presented data on completers 

only, and not on the intention-to-treat population. 

The meta-analysis by Gilden Tsai and Wadden (2006) included only randomised controlled trials 

(RCTs) comparing the efficacy of low calorie diets (LCDs) vs. VLCDs, and which included follow-up 

data of at least one year after maximum weight loss. Six RCTs including 233 subjects met the 

inclusion criteria. Initial VLCD treatment for 8-12 weeks followed by an LCD containing 1,000 to 

1,600 kcal/day and behavioural treatment for additional 12 to 104 weeks was compared to LCD and 

behavioural treatment of similar durations. Maximal weight loss for subjects in the VLCD group 

ranged between 13.4 and 19.9 % of initial body weight, which was approximately 6.5 % more than 

that observed for subjects in the LCD group. Body weight at 1.5-2 years of follow-up in the VLCD 

group was -12.3 to -7.6 % of initial body weight, which was slightly but still significantly (1.5 % 

difference) lower than in the LCD group.  
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The remaining references and reviews, which addressed the effects of VLCDs on weight loss 

compared to other dietary strategies aimed at weight loss, are in agreement with these two 

meta-analyses. Compared with other non-surgical interventions for weight loss, VLCDs in the context 

of intense supervision (e.g. by physicians and other health professionals) lead to greater weight loss 

(ranging from 12 to 20 % of initial body weight or about 12 to 35 kg) after 8-16 weeks of treatment, 

although considerable weight regain occurs when follow-up is extended for a number of years, 

particularly in the absence of behavioural modifications at follow-up. However, about one third of 

women and about 28 % of men still had 10 % lower body weight after five years. Those subjects had 

generally been more successful during the weight loss phase (Jebb and Goldberg, 1998; Mustajoki 

and Pekkarinen, 2001; Pekkarinen et al., 1996).  

Although VLCDs appear to be superior in producing large initial weight loss compared with other 

dietary interventions, long-term success is highly dependent on additional interventions including 

long-term life-style changes and active follow-up (Ayyad and Andersen, 2000). Miura et al. (1989) 

assessed the effects of combining VLCDs and behavioural modifications vs. the effects of either 

VLCD alone or behavioural modification alone in 70 obese subjects refractory to other weight loss 

interventions. VLCD alone or in combination with behavioural modifications showed no significant 

differences in initial weight loss (7.5 2.1 vs. 8.3 2.3 kg/month). However, after 2 years, the group on 

VLCD only had regained on average 4.3 3.5 kg (>50% of their initial weight loss) while the group 

receiving the combination of VLCD plus behavioural modification had lost one additional kg 

(-1.0 0.7 kg) and the group on behavioural therapy only had lost an additional 1.3 2.2 kg. Compared 

to the group receiving behavioural therapy only, the total weight loss at two years was not 

significantly different in the group on VLCD only (approximately -5 kg in both groups). 

In weighing the evidence, the Panel took into account that the evidence provided consistently showed 

a greater reduction of body weight in obese subjects on VLCDs compared to other dietary 

interventions aimed at weight loss.  

The Panel concludes that a cause and effect relationship has been established between the 

consumption of a VLCD and reduction in body weight.  

3.2. Reduction in the sense of hunger (ID 1411)  

The references provided for the scientific substantiation of the claim included narrative reviews,  and 

human intervention studies on diets other than VLCDs (e.g. low carbohydrate diets and low fat diets) 

and/or effects other than sense of hunger (e.g. body weight changes, body composition and snoring). 

The Panel considers that no conclusions can be drawn from these references for the scientific 

substantiation of the claim. 

No references were provided which addressed the effects of VLCDs on sense of hunger. 

The Panel concludes that a cause and effect relationship has not been established between the 

consumption of a VLCD and reduction in the sense of hunger during a sustained energy deficit. 

3.3. Reduction in body fat mass while maintaining lean body mass (ID 1412) 

The references provided for the scientific substantiation of the claim included narrative reviews, and 

human intervention studies on the effects of diets other than VLCDs (e.g. low carbohydrate diets, and 

low fat diets) on body composition. The Panel considers that no conclusions can be drawn from these 

references for the scientific substantiation of the claim. 

Ryttig and Rossner (1995) assessed body composition changes in 60 obese subjects on a diet 

providing 330 kcal/day for 12 weeks using tetra polar bioelectrical impedance analysis. The Panel 
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notes that this diet does not comply with the minimum requirement of 450 kcal/day for VLCDs, and 

considers that no conclusions can be drawn from this study for the scientific substantiation of the 

claim.  

Zahouani et al. (2003) reported on a study in 1,389 obese subjects who lost on average 10.3 5.5 kg fat 

mass and 2.2 2.05 kg fat free mass after 90 days on a VLCD. Body composition was assessed by 

leg-to-leg bioelectrical impedance analysis. Burgess (1991) found that fat mass contributed 75 % to 

total weight loss after 12 weeks of VLCD treatment assessed by hydro-densitometry as well as by 

bio-impedance analysis in 17 obese subjects (9 women). Coxon et al. (1989) randomised obese 

females to consume either a VLCD providing 405 kcal/day (n=12) or a VLCD providing 800 kcal/day 

(n=14) for eight weeks, each aimed at obtaining different rates of weight loss. Body composition was 

assessed by bioelectrical impedance analysis and by infrared interactance. A ratio of just over 

0.4 between loss of fat free mass and total weight loss regardless of the rate of weight loss was 

observed. Hoie et al. (1993) assessed the quality of weight loss by near-infra-red interactance in 

127 obese subjects on a VLCD for eight weeks. Mean weight reduction was 12.7 kg (12.6 % of initial 

weight) and mean body fat loss was 9.5 kg, which constitutes about 75 % of the weight loss. Mean 

reduction in lean body mass was 3.2 kg. No correlation was found between initial body mass index 

(BMI) and loss of lean body mass, or between initial body composition and weight loss. Morgan et al. 

(1992) assessed changes in body composition using total body nitrogen measured by in vivo neutron 

activation analysis in 11 females on a VLCD for 11 weeks. The mean loss of total body nitrogen was 

125±57 g, equivalent to 781±356 g protein. The fat-free mass component of the weight loss was 

calculated by two different methods as 23.5 % (±3 % SEM) and 22.8 % (±2.7 % SEM), respectively.  

The Panel notes that none of the studies provided assessed the effects of VLCDs on body composition 

compared to other dietary strategies for weight loss, that most of the studies provided used 

bioelectrical impedance analysis or infrared interactance for body composition analysis, both of which 

are not considered as reliable methods to assess changes in body composition in obese subjects during 

rapid weight loss, and that in most of the studies provided body fat accounted for about 70-78 %, and 

fat-free mass for about 22-30 %, of the total weight lost, which is, respectively, the approximate 

composition of the excess body weight in obese subjects and the approximate composition of the 

weight loss which could be expected by the use of other weight loss strategies.  

In weighing the evidence, the Panel took into account that the evidence provided did not consistently 

show a greater reduction in body fat mass relative to lean body mass in obese subjects on VLCDs 

compared to other dietary interventions aimed at weight loss.  

The Panel concludes that a cause and effect relationship has not been established between the 

consumption of a VLCD and reduction in body fat mass while maintaining lean body mass. 

4. Panel’s comments on the proposed wording 

4.1. Reduction in body weight (ID 1410) 

The Panel considers that the following wording reflects the scientific evidence: “Replacing the usual 

diet with a very low calorie diet helps to lose weight”. 
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5. Conditions and possible restrictions of use  

5.1. Reduction in body weight (ID 1410) 

The Panel considers that in order to bear the claim, a diet should comply with the specifications and 

conditions of use laid down in CODEX STAN 203-1995. The target population is obese adults who 

wish to reduce their body weight. 

CONCLUSIONS  

On the basis of the data presented, the Panel concludes that: 

 Whereas the diet, very low calorie diet (VLCD), which is the subject of the claims is 

sufficiently characterised in relation to the following claimed effects: reduction in body 

weight (ID 1410), reduction in the sense of hunger (ID 1411), and reduction in body fat mass 

while maintaining lean body mass (ID 1412), VLCD is not sufficiently characterised in 

relation to: reduction of post-prandial glycaemic responses (ID 1414) and maintenance of 

normal blood lipid profile (ID 1421), mainly owing to the lack of standardisation of the type 

of available carbohydrates and of most of the fatty acids that formula foods for use in VLCDs 

should contain.  

 A cause and effect relationship cannot be established between the consumption of a VLCD 

and reduction of post-prandial glycaemic responses (ID 1414) and maintenance of normal 

blood lipid profile (ID 1421). 

Reduction in body weight (ID 1410) 

 The claimed effect is “safe and effective weight loss, long term weight maintenance”. The 

target population is assumed to be obese adults who wish to reduce their body weight. 

Reduction in body weight is a beneficial physiological effect. 

 A cause and effect relationship has been established between the consumption of a VLCD and 

reduction in body weight.  

 The following wording reflects the scientific evidence: “Replacing the usual diet with a very 

low calorie diet helps to lose weight”. 

 In order to bear the claim, a diet should comply with the specifications and conditions of use 

laid down in CODEX STAN 203-1995. The target population is obese adults who wish to 

reduce their body weight. 

Reduction in the sense of hunger (ID 1411)  

 The claimed effect is “reduced hunger”. The target population is assumed to be obese adults 

in the general population. In the context of the proposed wordings, it is assumed that the 

claimed effect refers to a reduction in sense of hunger mediated by the induction of 

ketogenesis during a sustained energy deficit. Reduction in the sense of hunger during a 

sustained energy deficit is a beneficial physiological effect.  

 A cause and effect relationship has not been established between the consumption of a VLCD 

and reduction in the sense of hunger during a sustained energy deficit. 
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Reduction in body fat mass while maintaining lean body mass (ID 1412) 

 The claimed effect is “burning fat for energy, preserving lean tissue”. The target population is 

assumed to be obese adults in the general population. In the context of the proposed wordings, 

it is assumed that the claimed effect refers to the loss of fat mass while maintaining lean body 

mass during weight loss. Reduction in body fat mass while maintaining lean body mass is a 

beneficial physiological effect. 

 A cause and effect relationship has not been established between the consumption of a VLCD 

and reduction in body fat mass while maintaining lean body mass. 

DOCUMENTATION PROVIDED TO EFSA 

Health claims pursuant to Article 13 of Regulation (EC) No 1924/2006 (No: EFSA-Q-2008-2147, 

EFSA-Q-2008-2148, EFSA-Q-2008-2149, EFSA-Q-2008-2151, EFSA-Q-2008-2158). The scientific 

substantiation is based on the information provided by the Member States in the consolidated list of 

Article 13 health claims and references that EFSA has received from Member States or directly from 

stakeholders. 

The full list of supporting references as provided to EFSA is available on: 

http://www.efsa.europa.eu/panels/nda/claims/article13.htm. 
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APPENDICES 

APPENDIX A 

BACKGROUND AND TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 

The Regulation 1924/2006 on nutrition and health claims made on foods
7
 (hereinafter "the 

Regulation") entered into force on 19
th
 January 2007. 

Article 13 of the Regulation foresees that the Commission shall adopt a Community list of permitted 

health claims other than those referring to the reduction of disease risk and to children's development 

and health. This Community list shall be adopted through the Regulatory Committee procedure and 

following consultation of the European Food Safety Authority (EFSA). 

Health claims are defined as "any claim that states, suggests or implies that a relationship exists 

between a food category, a food or one of its constituents and health". 

In accordance with Article 13 (1) health claims other than those referring to the reduction of disease 

risk and to children's development and health are health claims describing or referring to:  

a) the role of a nutrient or other substance in growth, development and the functions of the 

body; or 

b) psychological and behavioural functions; or 

c) without prejudice to Directive 96/8/EC, slimming or weight-control or a reduction in the 

sense of hunger or an increase in the sense of satiety or to the reduction of the available 

energy from the diet. 

To be included in the Community list of permitted health claims, the claims shall be: 

(i) based on generally accepted scientific evidence; and 

(ii) well understood by the average consumer. 

Member States provided the Commission with lists of claims as referred to in Article 13 (1) by 31 

January 2008 accompanied by the conditions applying to them and by references to the relevant 

scientific justification. These lists have been consolidated into the list which forms the basis for the 

EFSA consultation in accordance with Article 13 (3). 

ISSUES THAT NEED TO BE CONSIDERED 

IMPORTANCE AND PERTINENCE OF THE FOOD
8
  

Foods are commonly involved in many different functions
9
 of the body, and for one single food many 

health claims may therefore be scientifically true. Therefore, the relative importance of food e.g. 

nutrients in relation to other nutrients for the expressed beneficial effect should be considered: for 

functions affected by a large number of dietary factors it should be considered whether a reference to 

a single food is scientifically pertinent. 

                                                      
7 OJ L12, 18/01/2007 
8 The term 'food' when used in this Terms of Reference refers to a food constituent, the food or the food category.  
9 The term 'function' when used in this Terms of Reference refers to health claims in Article 13(1)(a), (b) and (c).  
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It should also be considered if the information on the characteristics of the food contains aspects 

pertinent to the beneficial effect. 

SUBSTANTIATION OF CLAIMS BY GENERALLY ACCEPTABLE SCIENTIFIC EVIDENCE 

Scientific substantiation is the main aspect to be taken into account to authorise health claims. Claims 

should be scientifically substantiated by taking into account the totality of the available scientific 

data, and by weighing the evidence, and shall demonstrate the extent to which: 

(a) the claimed effect of the food is beneficial for human health, 

(b) a cause and effect relationship is established between consumption of the food and the 

claimed effect in humans (such as: the strength, consistency, specificity, dose-

response, and biological plausibility of the relationship), 

(c) the quantity of the food and pattern of consumption required to obtain the claimed 

effect could reasonably be achieved as part of a balanced diet, 

(d) the specific study group(s) in which the evidence was obtained is representative of the 

target population for which the claim is intended. 

EFSA has mentioned in its scientific and technical guidance for the preparation and presentation of 

the application for authorisation of health claims consistent criteria for the potential sources of 

scientific data. Such sources may not be available for all health claims. Nevertheless it will be 

relevant and important that EFSA comments on the availability and quality of such data in order to 

allow the regulator to judge and make a risk management decision about the acceptability of health 

claims included in the submitted list. 

The scientific evidence about the role of a food on a nutritional or physiological function is not 

enough to justify the claim. The beneficial effect of the dietary intake has also to be demonstrated. 

Moreover, the beneficial effect should be significant i.e. satisfactorily demonstrate to beneficially 

affect identified functions in the body in a way which is relevant to health. Although an appreciation 

of the beneficial effect in relation to the nutritional status of the European population may be of 

interest, the presence or absence of the actual need for a nutrient or other substance with nutritional or 

physiological effect for that population should not, however, condition such considerations. 

Different types of effects can be claimed. Claims referring to the maintenance of a function may be 

distinct from claims referring to the improvement of a function. EFSA may wish to comment whether 

such different claims comply with the criteria laid down in the Regulation. 

WORDING OF HEALTH CLAIMS 

Scientific substantiation of health claims is the main aspect on which EFSA's opinion is requested. 

However, the wording of health claims should also be commented by EFSA in its opinion. 

There is potentially a plethora of expressions that may be used to convey the relationship between the 

food and the function. This may be due to commercial practices, consumer perception and linguistic 

or cultural differences across the EU. Nevertheless, the wording used to make health claims should be 

truthful, clear, reliable and useful to the consumer in choosing a healthy diet. 

In addition to fulfilling the general principles and conditions of the Regulation laid down in Article 3 

and 5, Article 13(1)(a) stipulates that health claims shall describe or refer to "the role of a nutrient or 

other substance in growth, development and the functions of the body". Therefore, the requirement to 
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describe or refer to the 'role' of a nutrient or substance in growth, development and the functions of 

the body should be carefully considered. 

The specificity of the wording is very important. Health claims such as "Substance X supports the 

function of the joints" may not sufficiently do so, whereas a claim such as "Substance X helps 

maintain the flexibility of the joints" would. In the first example of a claim it is unclear which of the 

various functions of the joints is described or referred to contrary to the latter example which 

specifies this by using the word "flexibility". 

The clarity of the wording is very important. The guiding principle should be that the description or 

reference to the role of the nutrient or other substance shall be clear and unambiguous and therefore 

be specified to the extent possible i.e. descriptive words/ terms which can have multiple meanings 

should be avoided. To this end, wordings like "strengthens your natural defences" or "contain 

antioxidants" should be considered as well as "may" or "might" as opposed to words like 

"contributes", "aids" or "helps".  

In addition, for functions affected by a large number of dietary factors it should be considered 

whether wordings such as "indispensable", "necessary", "essential" and "important" reflects the 

strength of the scientific evidence. 

Similar alternative wordings as mentioned above are used for claims relating to different relationships 

between the various foods and health. It is not the intention of the regulator to adopt a detailed and 

rigid list of claims where all possible wordings for the different claims are approved. Therefore, it is 

not required that EFSA comments on each individual wording for each claim unless the wording is 

strictly pertinent to a specific claim. It would be appreciated though that EFSA may consider and 

comment generally on such elements relating to wording to ensure the compliance with the criteria 

laid down in the Regulation. 

In doing so the explanation provided for in recital 16 of the Regulation on the notion of the average 

consumer should be recalled. In addition, such assessment should take into account the particular 

perspective and/or knowledge in the target group of the claim, if such is indicated or implied. 

TERMS OF REFERENCE 

HEALTH CLAIMS OTHER THAN THOSE REFERRING TO THE REDUCTION OF DISEASE RISK AND TO 

CHILDREN'S DEVELOPMENT AND HEALTH 

EFSA should in particular consider, and provide advice on the following aspects: 

 Whether adequate information is provided on the characteristics of the food pertinent to the 

beneficial effect. 

 Whether the beneficial effect of the food on the function is substantiated by generally 

accepted scientific evidence by taking into account the totality of the available scientific data, 

and by weighing the evidence. In this context EFSA is invited to comment on the nature and 

quality of the totality of the evidence provided according to consistent criteria. 

 The specific importance of the food for the claimed effect. For functions affected by a large 

number of dietary factors whether a reference to a single food is scientifically pertinent. 

In addition, EFSA should consider the claimed effect on the function, and provide advice on the 

extent to which: 

 the claimed effect of the food in the identified function is beneficial. 

 a cause and effect relationship has been established between consumption of the food and the 

claimed effect in humans and whether the magnitude of the effect is related to the quantity 
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consumed. 

 where appropriate, the effect on the function is significant in relation to the quantity of the 

food proposed to be consumed and if this quantity could reasonably be consumed as part of a 

balanced diet.  

 the specific study group(s) in which the evidence was obtained is representative of the target 

population for which the claim is intended. 

 the wordings used to express the claimed effect reflect the scientific evidence and complies 

with the criteria laid down in the Regulation.  

When considering these elements EFSA should also provide advice, when appropriate: 

 on the appropriate application of Article 10 (2) (c) and (d) in the Regulation, which provides 

for additional labelling requirements addressed to persons who should avoid using the food; 

and/or warnings for products that are likely to present a health risk if consumed to excess. 
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APPENDIX B 

EFSA DISCLAIMER 

The present opinion does not constitute, and cannot be construed as, an authorisation to the marketing 

of the food/food constituent, a positive assessment of its safety, nor a decision on whether the 

food/food constituent is, or is not, classified as foodstuffs. It should be noted that such an assessment 

is not foreseen in the framework of Regulation (EC) No 1924/2006. 

It should also be highlighted that the scope, the proposed wordings of the claims and the conditions of 

use as proposed in the Consolidated List may be subject to changes, pending the outcome of the 

authorisation procedure foreseen in Article 13(3) of Regulation (EC) No 1924/2006. 
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APPENDIX C 

Table 1. Main entry health claims related to very low calorie diet (VLCD) including conditions of use 

from similar claims, as proposed in the Consolidated List. 

ID Food or Food constituent Health Relationship Proposed wording 

1410 Very low calorie diet 

(VLCD) Programme 

1) Safe and effective weight loss 

2) long term weight 

maintenance 

which ensures a rapid, yet 

controlled way of reaching a 

healthier weight 

The programme allows 

thousands of clients to lose their 

excess weight  

(VLCD is a ...) way of reaching 

a healthier weight 

(Foodpacks allow...) effective 

weight loss 

This is a unique opportunity for 

you to reshape your waist, your 

weight 

A fast safe and effective way to 

slim down to your target weight 

For fast weight loss as the sole 

source of nutrition 

For more gradual weight loss 

with additional food for long 

term weight maintenance 

Produces excellent weight loss 

in the desired timescale 

Will help you lose weight in a 

scientifically proven safe and 

healthy way 

A healthy way to reduce weight 

and keep it off 

Shrink your waist 

Lose weight from your waist 

„Weight care‟ 

Scientific research confirms 

credibility and efficacy 

The low calorie levels of the 

diet mean that everyone will 

lose weight on the 

programme/sole source 

programme 

Nutritionally complete VLCD 

formula, which enables fast, 

 18314732, 2011, 6, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2011.2271 by C

ochraneItalia, W
iley O

nline L
ibrary on [31/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Very low calorie diet (VLCD) related health claims 

 

20 EFSA Journal 2011;9(6):2271 

safe and effective weight loss 

Lose weight safely and 

comfortably/shed weight 

quickly and safely/Look 

forward to a slimmer you/The 

low calorie levels of the diet 

mean that everyone will lose 

weight/You will re-shape waist/ 

lose inches off your waist 

 Conditions of use 

- Nutritionally complete formula VLCD providing <800 kcal/day 

- Programme using initial nutritionally complete formula VLCD providing <800kcal/day. Weight 

management Programme providing counsellor support and/or behaviour modification 

ID Food or Food constituent Health Relationship Proposed wording 

1411 Very low calorie diet 

(VLCD) Programme 

Reduced hunger The composition of the Food 

packs means you wont be 

starving – once you‟re in 

ketosis your physical hunger is 

suppressed. 

With such formula food, clients 

experience little, if any hunger 

– as after around 3-4 days the 

body goes into a state of 

ketosis. 

 Conditions of use 

- Nutritionally complete, ketogenic VLCD formula providing <800kcal/day 

ID Food or Food constituent Health Relationship Proposed wording 

1412 Very low calorie diet 

(VLCD) Programme 

Burning fat for energy, 

preserving lean tissue 

when you are on Food packs - 

your body uses its stored fat to 

make up the difference (of 

energy) 

..evidence suggests that VLCDs 

do not accelerate the loss of 

lean tissue 

weight loss is 3 parts fat and 1 

part lean during weight loss. 

the body breaks down fat to 

make up the deficit. 

When you lose weight it comes 

off in the ratio 3 parts fat to 1 

part lean tissue – and that‟s true 

of any diet. 

 Conditions of use 

- Nutritionally complete very low calorie diet formula providing <800kcal/day 
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ID Food or Food constituent Health Relationship Proposed wording 

1414 Very low calorie diet 

(VLCD) Programme 

Low glycaemic index Low glycaemic index formula 

food 

Low glycamic index products 

 Conditions of use 

- Nutritionally complete VLCD formula food providing <800kcal/day with GI measured to <55 

ID Food or Food constituent Health Relationship Proposed wording 

1421 Very low calorie diet 

(VLCD) Programme 

VLCD/low carbohydrate diets 

helps to the maintenance of 

normal blood lipid profile 

VLCD/low carbohydrate diets 

helps to the maintenance of 

normal blood lipid profile 

 Conditions of use 

- Nutritionally complete VLCD formula <800kcal 
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GLOSSARY AND ABBREVIATIONS 

BMI  Body mass index  

LCD  Low calorie diet 

RCT  Randomised controlled trial  

VLCD  Very low calorie diet 
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Highlights  

- The assessment of obese subjects must consider the analysis of body composition. 

- Very low calorie ketogenic diet preserves the fat free mass during weight loss. 

-  Branched chain amino acids and whey protein are useful in maintaining fat free mass. 

- The assessment of vitamin D blood concentration is required for obese patients. 
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ABSTRACT  

The loss of fat free mass (FFM) that occurs during a weight loss secondary to low-calorie diet can 

lead to numerous and deleterious consequences. We performed a review in order to evaluate the till-

now evidence regarding the optimum treatment for maintaining FFM during low-calorie diet. This 

review included eligible studies. In order to maintain FFM during a low-calorie diet, there are 

various diet strategies: adopt a very-low carbohydrates ketogenic diets (VLCKD) and take an 

adequate amount of specific nutrients (vitamin D, leucine, whey protein). As regard the numerous 

and various low-calorie diet proposals for achieving weight loss, the comparison of VLCKD with 

prudent low-calorie diet demonstrated that FFM was practically unaffected by VLCKD. This is 

possible for numerous mechanisms, involving insulin and insulin like grow factor-I – growth 

hormone (IGF-I-GH) axis, and which acts by stimulating protein synthesis. Considering protein and 

amino acids intake, an adequate daily intake of leucine (4 grams/day), and whey protein (20 

grams/day) is recommended. 

Regarding vitamin D, if the blood vitamin D has low values (<30 ng/ml), it is mandatory that an 

adequate supplementation is provided, specifically calcifediol because in the obese subject, this 

form is recommended to avoid seizure in the adipose tissue: 3–4 drops/day or 20–30 drops/week of 

calcifediol are generally adequate to restore normal 25(OH)D plasma levels in obese subjects.   

 

KEYWORDS: VLCKD; leucine; fat free mass; whey protein; branched chain amino acid; vitamin 

D 
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Introduction 

The decrease in body weight, which takes place during a low-calorie diet (protein intake equal to 

15% of total energy intake), physiologically involves a loss of both fat and fat free mass (FFM): the 

physiology shows that about 75% of the weight loss consists of a loss of fat mass, while the 

remaining 25% consists of a loss in fat free mass [1]. The loss of fat free mass that occurs during a 

weight loss can lead to numerous and deleterious short and long term consequences which can 

frustrate some of the benefits related to weight loss [2]. In fact, fat free mass, in addition to its role 

in locomotion, plays a key role in various metabolic pathways, such as glucose regulation [3] and 

lipid control [4]. A loss of fat free mass can then determine significant adverse effects on the body's 

metabolic health, as well as leads to a significant decrease in basal metabolic rate, contributing to 

the recovery of body weight [5]. The muscle is then a real endocrine organ that produces substances, 

defined by miokin, such as interleukin 6 (IL6), IL 8, IL15, Brain-Derived Neurotrophic Factor 

(BDNF), and Leukemia Inhibitory Factor (LIF), which have autocrine, paracrine and endocrine 

activities [6]. In addition, the muscle in return, has receptors for numerous molecules that have 

significant activities, such as the Insulin like growth factor -I, and vitamin D [7] that control the 

function of the muscle itself. 

The aim of this study is to evaluate the specific factors that play a pivotal role in allowing to 

preserve fat free mass during a weight loss due to low-calorie diet. 

 

Materials and Methods 

The present narrative review was performed following the steps by Egger et al which are as follows 

[8]: configuration of a working group: three operators skilled in endocrinology and clinical nutrition, 

of whom one is acting as a methodological operator and two participating as clinical operators. 2. 

Formulation of the revision question on the basis of considerations made in the abstract: “the state 

of the art on metabolic and nutritional correlates of loss of fat free mass during low calorie diet and 

treatment for maintaining fat free mass”. 3. Identification of relevant studies: a research strategy 
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was planned, on PubMed [Public MedIine run by the National Center of Biotechnology Information 

(NCBI) of the National Library of Medicine of Bathesda (USA)], as follows: a) definition of the 

key words (fat free mass, low calorie diet), allowing the definition of the interest field of the 

documents to be searched, grouped in inverted commas (“…”) and used separately or in 

combination; b) use of: the Boolean AND operator, that allows the establishments of logical 

relations among concepts; c) research modalities: advanced search; d) limits: time limits: papers 

published in the last 20 years; humans; languages: English; e) manual search performed by the 

senior researchers experienced in clinical nutrition through the revision of reviews and individual 

articles on metabolic and nutritional correlates of loss of fat free mass during low calorie diet and 

treatment for maintaining fat free mass published in journals qualified in the Index Medicus. 4. The 

analysis was carried out in the form of a narrative review of the reports. Figure 1 shows the flow-

chart of the studies evaluated. 

 

Results and Discussion 

Very - Low carbohydrates ketogenic diet (VLCKD) 

Among low-calorie diets, the role of the very-low-carbohydrate ketogenic diets (VLCKD) in the 

management of obesity is now well established [9]. Comparing VLCKD with other diets, such as 

paleo and vegan diets, commonalities included weight loss while major differences included time 

frame of weight loss, blood pressure changes, elimination patterns, musculoskeletal effects, 

psychosocial responses, and environmental and economic impact [10]. A meta-analysis [9] 

demonstrated that individuals assigned to a VLCKD (i.e. a diet with no more than 50 g 

carbohydrates/d) achieve better long-term body weight and cardiovascular risk factor management 

when compared with individuals assigned to a conventional low-fat diet (LFD; i.e. a restricted-

energy diet with less than 30% of energy from fat).  

Very recently numerous double-blind studies confirmed that a VLCKD was highly effective in 

terms of body weight reduction without inducing lean body mass loss [11–13].  
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Further than in obesity, the literature demonstrated that there are good effect of ketogenic diet on 

muscle mass in various disease states: such as epilepsy [14,15], Parkinson’s disease [16], 

Alzheimer’s disease [17],  multiple sclerosis [18] . 

In particular, very recently a study has been demonstrated that a ketogenic diet increases lean mass 

and decreases inflammation and oxidation possibly as a consequence of an increase in satiety and 

decrease in hunger in Multiple Sclerosis patients [18]. 

VLCKD appears to be protective against muscle catabolism [19,20] for several reasons, such as: the 

adrenergic stimulation by the protein and by low levels of sugar in the blood inhibits the proteolysis 

of skeletal muscle; the formation of ketone bodies suppresses the use of protein-derived amino acids 

by muscle; in addition, the beta-hydroxybutyrate decreases leucine oxidation and promotes protein 

synthesis; increased availability of dietary protein causes an increase in IGF-1 in muscle; the 

increased protein intake leads to increased protein synthesis, thanks to the presence of amino acids 

available. It has been suggested that branched-chain amino acids (BCAA) leucine especially 

interacts with the metabolic pathways that regulate insulin signaling, decreasing hormone levels and 

simultaneously increasing protein synthesis in skeletal muscle. 

Moreover, VLCKD  induces a particular metabolic condition that activates fasting pathways during 

a high or normal energy state and it can also be argued that the transcription of autophagy related 

genes (fundamental for the anabolic/catabolic equilibrium and hence for whole muscle health) can 

be activated by ketogenic diet, mediated by FoxO3 [21–23]. 

Molecular effects of ketogenic diet on muscle preservation were investigated in animal model [24]. 

In slow-twitch soleus muscle, administration of  ketogenic diet for four weeks can increase skeletal 

muscle mTOR signaling in old adults rats (28 mo.), while decrease its signalling in young adults 

muscles (5 mo.). Phosphorylation of p70 ribosomal protein S6 kinase (p70S6k) was increased by 

400% by ketogenic diet versus standard diet in old rats, and soleus muscles (assessed for muscle 

size and effects on p70S6k) from old rats receiving ketogenic diet were 6% larger than old rats who 

received standard diet  [24]. 
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Finally, the observed preservation of fat free mass brought by during a VKLCD is possible at least 

by four other possible mechanisms [19]. It be involved as the surge of low levels of blood sugar 

which are a stimulus for its secretion and it could be that the protein mass of skeletal muscle is 

affected by adrenergic influences. The liver produces ketone bodies during a VKLCD and they flow 

from the liver to extra-hepatic tissues (e.g., brain, muscle) for use as a fuel. As low blood sugar 

increases GH is secreted, one could speculate that a VKLCD increases GH levels. A VKLCD is 

almost always relatively high in protein and there is evidence that high protein intake increases 

protein synthesis by increasing systemic amino acid availability [25], which is a potent stimulus of 

muscle protein synthesis [26]. During weight loss, higher protein intake reduces loss of fat free 

mass and increases loss of body fat [27], which can interact with the insulin to regulate the control 

of protein synthesis to support the fat free mass during periods of reduced caloric intake [28]. 

Regarding the effects of long-term VLCKDs the results are in contrast: despite some studies have 

documented the safety of VLCKD in the long-term period, other studies demonstrated that intake of 

KD has been linked to renal stones, gallstones and elevated liver enzymes, given that dietary 

intervention included approximately 70% of energy as fat [29]. Moreover, the assessment of the 

effects of VLCKD on bone health, insulin resistance and beta-cell function in the long term is still 

lacking. Given this background,  it is important to considerate that VLCKD requires proper medical 

supervision, along with the routine measurement of urine and/or blood ketones according to clinical 

judgment [29]. Considering the limitations of VLCKDs, these included increased LDL levels, 

arterial stiffening,  reduction in REM sleep, interference with endothelial function and renal stones 

[10]. As far as mood, it was found that in the first 8 weeks participants experienced mood 

improvement. But, after the 8 weeks, the mood improvement was shown to plateau due to lower 

concentration of serotonin in the brain from limited consumption of carbohydrates over a period of 

12 months [30]. 

In conclusion, the comparison of VKLCD with a prudent standard low-calorie diet demonstrated 

that fat free mass was practically unaffected. The observed preservation of fat free mass brought by 
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during a VKLCD is possible for numerous factors predominantly of hormonal mechanisms 

involving the insulin and the IGF-I GH axis which acts by stimulating protein synthesis. 

Branched chain amino acids and leucine 

Unlike other amino acids, the branched-chain amino acids (BCAAs) are metabolised in skeletal 

muscle. The BCAAs (leucine, isoleucine and valine) represent 14-18% of the total amino acids 

present in skeletal muscle [31]. At the resting state, BCAAs, and particularly leucine, have an 

anabolic effect by increasing protein synthesis and/or a reducing the rate of protein degradation, 

resulting in a positive net muscle protein balance [32]. Leucine, whose average requirement is 40 

mg / kg / day, is critical to maintaining a healthy muscle tissue and the leucine content in meals is 

an important regulator of muscle protein synthesis and produces different results on the long-term 

body composition [33]. 

Further research has compared the intake of 10 grams of protein with 18% of leucine with a similar 

beverage containing 35% of leucine, concluding that the beverage with the highest concentration of 

leucine (4 grams) determines a greater stimulus to the muscle protein synthesis, resulting in an 

inferior muscle catabolism by the action of cortisol [34]. 

Even if isoleucine and valine haven’t shown the same potential, they play a key role as part of the 

"construction". In fact, the hypertrophy induced by leucine drops to zero as soon as the presence of 

the other two BCAAs is poor: no matter how much leucine is made available for the muscles, since 

muscle growth does not occur if the other two BCAAs fall below a certain level [35]. Leucine is 

capable of interacting with the metabolic insulin pathway with apparent modulation of protein 

synthesis and consequent maintenance of fat free mass during a period of caloric restriction and 

since the same amino acid also modulates the use of glucose by the skeletal muscle, through 

stimulation of the glucose-alanine cycle, which allows reuse of glucose, the assumption of adequate 

amounts of leucine is considered as a potential strategy for the treatment of obese patients, being of 

an assistance in maintaining the lean body mass [28]. 
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In conclusion, an adequate daily intake of the amino acid leucine (4 grams/day), along with other 

amino acids isoleucine, valine (BCAA 2:1:1, Leucine:Isoleucine:Valine), is essential to maintain fat 

free mass during weight loss induced by low calorie diet. 

Whey Protein 

Approximately 300-600 grams of muscle proteins are degraded and resynthesized daily over 24 

hours. Food intake stimulates the degree of muscle protein synthesis, resulting in a positive protein 

balance. After the intake of a meal containing protein, the degree of protein synthesis remains 

elevated for over 5 hours, with a peak 2-3 hours after intake. It has been shown that in an adult 

subject to a dose of approximately 15-20 grams of protein (or 7.5 grams of essential amino acids) is 

sufficient to stimulate the maximization of the degree of muscle protein synthesis [36].  

Probably in the elderly to obtain the same maximization of protein synthesis compared to the young, 

a greater amount of protein is needed, probably 30 grams [37]. 

In the elderly, the breakdown of the protein requirement is spread over more meals throughout the 

day, it is not enough to determine a peak plasma amino acid capable of inducing a protein-synthetic 

stimulus in a muscle tissue that has significantly reduced its sensitivity to that stimulus. 

Not all food proteins possess the same properties in terms of kinetics: the speed of assimilation of 

dietary amino acids and their effect on the protein metabolism regulation are a function of the 

molecular characteristics of the protein [38]. 

This feature has led to the distinction of food proteins in fast and slow. The intake of fast absorbing 

proteins may represent an advantage over slowly digesting proteins. Dietary proteins are those in 

fast absorption of whey protein, which are the beta-globulin fraction, characterized by good 

digestibility, low lactose content and high biological value. 

Hydrolysed proteins are more easily assimilated than intact proteins, hydrolysed proteins obtained 

from whey (β-globulin fraction) have the highest rate of assimilation [39]. 

In conclusion, a daily intake of adequate amount of whey protein (average at least 20 grams/day) is 

beneficial in maintaining fat free mass. 
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Vitamin D 

Vitamin D, by which the muscle has receptors for it [7], plays a key role in muscle activity [40], 

because it causes an increase in the accumulation of calcium in the sarcoplasmic reticulum by 

increasing number of receptors that bind calcium and by increasing the efficiency of sites to bind 

calcium and stimulating the transport across cell membranes phosphate.  

A study in animal models [41] has shown that 1,25(OH)2D3 is able to enhance protein synthesis: it 

enhances the stimulatory effects of insulin and leucine on protein synthesis in myotubes C2C12 

cells, it increases the stimulation of the insulin receptor in skeletal muscle cells and stimulates the 

expression of insulin receptors and the receptor of the same vitamin D (VDR) in skeletal muscle 

cells ensuring, therefore, a greater sensitivity on the part of C2C12 myotubes to vitamin D and 

insulin. Following, a further in vitro study confirmed that treatment of C2C12 cells with 25-

hydroxyvitamin D (25OHD) and 1,25 dihydroxyvitamin D (1,25 (OH) 2D) alters gene expression 

with consequent positive effects on the proliferation, differentiation and size of myotubes [42]. In 

clinical situations the important relationship between Vitamin D and muscle function has been 

demonstrated in various studies, extremely significant in terms of number of subjects evaluated 

[43–46], which reported as blood levels of vitamin D are related to the muscle strength, assessed by 

the hand grip force (using dynamometry). Particularly the Pro.Va study (Veneto project elderly) has 

been shown, through a follow-up lasted three years, that the subjects who had lower values of 

vitamin D, had a greater loss of fat free mass and muscle strength [46]. 

A recent review has shown how low levels of vitamin D are present in many diseases including 

obesity [47]. In obese subjects there are many reasons that can determine these low serum levels of 

vitamin D. The vitamin D intake is due for the most part (80-90%) to the skin synthesis of 

cholecalciferol following exposure to sunlight and so we know how obese subjects barely expose 

themselves to the sun. Furthermore, although the amount of vitamin D contained in the food is 

equal to 10-20%, it is completely insufficient, alone, to cover the needs, and in any case the 

maximum content of vitamin D is present in foods that frequently obese subjects consume in small 
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quantities due to food habits, tradition and costs [48,49]. Vitamin D is found in good quantities in 

fish, especially herring (19 mcg / 100 g), fresh tuna (16.3 mcg / 100 g), swordfish, grouper, and 

anchovies (11 mcg / 100 g). 

A recent review [50] showed that daily supplementation with at least 400 IU of vitamin D increases 

skeletal muscle force an average of 17%. If there is excess fat mass part of it may be sequestered as 

Vitamin D in this tissue [51].  

For this reason, oral supplementation with vitamin D should be recommended in the activated form, 

calcifediol: it has an elective indication in obesity [52–54]. Calcifediol is available in drops (0.15 

mg/mL, where 1 drop contains 5 g). 3–4 drops/day or 20–30 drops/week of calcifediol are generally 

adequate to restore normal 25(OH)D plasma levels in obese subjects [55,56]. 

An assessment of blood concentrations of vitamin D is required in the obese patients. In the case of 

low values of blood vitamin D, less than 30 ng / ml [57], it is mandatory an adequate oral 

supplementation with calcifediol (3–4 drops/day or 20–30 drops/week) in order to maintain fat free 

mass. 

 

Conclusion 

It is necessary to consider that assessment of obese subjects must necessarily pass through the 

analysis of body composition [53], which takes into account adipose mass (with quantifying the 

amount of visceral fat), fat free mass, mineral compartment and fluids.  

The results of this review demonstrated that, in order to maintain fat free mass during a low-calorie 

diet, there are various diet strategies. The comparison of VLCKD with standard low-calorie diet 

demonstrated that fat free mass was practically unaffected; this is possible for numerous factors, 

predominantly of hormonal mechanisms, involving the insulin and the IGF-I GH axis which acts by 

stimulating protein synthesis. 

An adequate daily intake of the amino acid leucine (4 grams/day), along with other amino acids 

isoleucine and valine (BCAA 2:1:1, Leucine:Isoleucine:Valine), and  daily intake of adequate 
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amount of whey protein (average 20 grams/day) is beneficial in maintaining fat free mass during 

weight loss induced by low calorie diet. 

An assessment of blood concentrations of this vitamin is required in the obese patient. In the case of 

low values of blood vitamin D, less than 30 ng / ml [52], it is mandatory for an adequate 

supplementation, specifically calcifediol because in the obese subject, this form is recommended to 

avoid seizure in the adipose tissue.  

Table 1 showed the diet strategies useful to maintain the fat free mass during low calorie diet 

together with the various mechanisms behind these strategies. 
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Table 1. Strategies useful to maintain the fat free mass during low calorie diet together with the 

various mechanisms behind these strategies 

Pivotal strategies Mechanisms 

Adopt a Very-Low carbohydrates 

ketogenic diet (VLCKD) 

- the adrenergic stimulation by the protein and by low levels of sugar 

in the blood inhibits the proteolysis of skeletal muscle;  

- the formation of ketone bodies suppresses the use of protein-derived 

amino acids by muscle;  

- the beta-hydroxybutyrate decreases leucine oxidation and promotes 

protein synthesis;  

- increased availability of dietary protein causes an increase in IGF-1 

in muscle; 

Vitamin D -   causes an increase in the accumulation of calcium in the sarcoplasmic 

reticulum by increasing number of receptors that bind calcium and by 

increasing the efficiency of sites to bind calcium and stimulating the 

transport across cell membranes phosphate. This activity leads to 

muscle cell proliferation and differentiation; 

Leucine -  has an anabolic effect by increasing protein synthesis and/or a 

reducing the rate of protein degradation, resulting in a positive net 

muscle protein balance; 

Whey proteins - are characterized by good digestibility, low lactose content and high 

biological value; 

- have the highest rate of assimilation; 
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Figure 1. Flow chart of the studies evaluated. 
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Very-Low-Calorie Ketogenic Diets With Whey, 
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Context. We compared the efficacy, safety, and effect of 45-day isocaloric very-low-calorie 
ketogenic diets (VLCKDs) incorporating whey, vegetable, or animal protein on the microbiota 
in patients with obesity and insulin resistance to test the hypothesis that protein source may 
modulate the response to VLCKD interventions.

Subjects and Methods. Forty-eight patients with obesity (19 males and 29 females, 
homeostatic model assessment (HOMA) index ≥ 2.5, aged 56.2 ± 6.1 years, body mass index 
[BMI] 35.9 ± 4.1 kg/m2) were randomly assigned to three 45-day isocaloric VLCKD regimens 
(≤800 kcal/day) containing whey, plant, or animal protein. Anthropometric indexes; blood 
and urine chemistry, including parameters of kidney, liver, glucose, and lipid metabolism; 
body composition; muscle strength; and taxonomic composition of the gut microbiome were 
assessed. Adverse events were also recorded.

Results. Body weight, BMI, blood pressure, waist circumference, HOMA index, insulin, and 
total and low-density lipoprotein cholesterol decreased in all patients. Patients who consumed 
whey protein had a more pronounced improvement in muscle strength. The markers of renal 
function worsened slightly in the animal protein group. A decrease in the relative abundance 
of Firmicutes and an increase in Bacteroidetes were observed after the consumption of VLCKDs. 
This pattern was less pronounced in patients consuming animal protein.

Conclusions. VLCKDs led to significant weight loss and a striking improvement in metabolic 
parameters over a 45-day period. VLCKDs based on whey or vegetable protein have a safer 
profile and result in a healthier microbiota composition than those containing animal proteins. 
VLCKDs incorporating whey protein are more effective in maintaining muscle performance. (J 
Clin Endocrinol Metab 105: 2939–2949, 2020)

Key Words:  very low calorie ketogenic diet, VLCKD, obesity, whey proteins, vegetable proteins, 
animal proteins, intestinal microbiota, therapy

Obesity is strongly related to comorbidities, such as 
type 2 diabetes (T2D), inflammation, excess fat 

within the liver and pancreas, hypertension, and certain 
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types of cancer (1,2). Obesity management can delay 
the progression from prediabetes to T2D and result in 
sustained remission of T2D (3).

For many individuals with obesity and prediabetes, 
weight loss produces beneficial outcomes in regard 
to glycemic control, lipids, and blood pressure (BP), 
and more intensive weight loss maximizes these bene-
fits (3,4). Despite the agreement on the important role 
of diet in treating insulin resistance and T2D, there is 
little consensus about the optimal diet and ideal dietary 
macronutrient ratio (5). Weight loss and improvement in 
glucose homeostasis, including diabetes remission, were 
seen both after the consumption of a low-energy diet 
(825-853 kcal/day) with a carbohydrate content that 
exceeded 50% of total calories (3) and after the con-
sumption of very-low-calorie diets (≤800 kcal/day) con-
taining less than 30% carbohydrates/day (6). Recently, 
very-low-calorie ketogenic diets (VLCKDs) with <50 g 
of carbohydrates/day were found to be associated with 
greater weight loss along with amelioration of glycemic 
control in subjects with T2D compared with the effects 
of a standard care nutritional intervention (7-11). In pa-
tients with obesity who did not have diabetes, the ef-
fects of VLCKDs were found to be powerful in reducing 
plasma insulin levels (5). Furthermore, the source of 
dietary protein while following an energy-restricted diet 
was associated with benefits in body weight (BW) main-
tenance, BP, insulin, and homeostasis model assessment 
of insulin resistance (HOMA-IR) (12). Epidemiological 
studies indicate that diets containing whey proteins and 
vegetable proteins protect against obesity, whereas diets 
characterized by increased meat consumption are asso-
ciated with greater weight gain (13). The mechanisms 
underlying these effects are not known. Interactions 
with the intestinal microbiota (14), appetite regulation 
(15,16), effects on insulin and incretin secretion (17-20), 
and palatability (19,21) have been suggested as contrib-
uting factors that deserve in-depth analysis (22). We 
conducted a prospective pilot study comparing the effi-
cacy and safety of VLCKDs incorporating either whey, 
plant, or animal protein on metabolic and body com-
position parameters and on the composition of the gut 
microbiota in a population of patients with obesity and 
insulin resistance.

Materials and Methods

Study design and participants
This was a prospective, open, nutritional intervention pilot 

study that enrolled patients with obesity and pharmacologic-
ally naïve insulin resistance among those attending the Center 
for the Study of Eating Disorders and Obesity, Department of 
Experimental Medicine, Section of Medical Pathophysiology, 

Food Science and Endocrinology of the University of Rome 
“La Sapienza,” Italy. We compared VLCKDs based on whey 
protein (16 patients, whey protein group [WPG]), vegetable 
protein (16 patients, vegetable protein group [VPG]), or 
animal protein (16 patients, animal protein group [APG]). 
Eligible patients were randomly assigned (in a 1:1:1 ratio) 
through automated allocation. The primary outcome measure 
was change in body mass index (BMI). Key secondary out-
comes were changes in lipids, glucose, insulin resistance as 
estimated by HOMA-IR, IGF-1, body composition, muscle 
strength, and composition of the gut microbiota. Male and 
postmenopausal female outpatients were eligible. The in-
clusion criteria were as follows: stable BW in the previous 
3 months, age between 50 and 70 years, BMI between 30 and 
40 kg/m2, and HOMA-IR ≥ 2.5. The exclusion criteria were 
the following conditions either self-reported or derived from 
medical records or examination: hypersensitivity to compo-
nents used in the protocol products; renal, cardiac, cerebro-
vascular, or gastrointestinal diseases; psychiatric disturbances; 
hydroelectrolytic alterations; type 1 diabetes; lack of informed 
consent; and bariatric surgery. Adverse events (AEs) were 
monitored throughout the treatment. This trial was registered 
at clinicaltrials.gov (NCT04019431).

Dietary interventions
All patients followed a VLCKD (780 kcal/day) for 45 days, 

with the following composition in macronutrients, percentage 
of caloric intake, and g/kg of ideal BW of proteins (derived 
by the BMI set at 25 kg/m2): carbohydrates, 26 g (13.5%); 
olive oil, 20 g plus 15 g of lipids from other sources (40.4%); 
protein, 90 g (46.1%, 1.2-1.4 g/kg). The amount of protein 
was within the proposed essential composition of total diet 
replacements for weight control and was adjusted for the pa-
tients with overweight or obesity (23). WPG and VPG patients 
were given 5 meals/day (timing was at main meals [8:00 am, 
1:00 pm, and 8:00 pm], mid-morning, and mid-afternoon) con-
taining whey protein (WPG) or vegetable protein derived from 
soya, green peas, or cereals and 1 serving of vegetables with a 
low glycemic index at lunch and dinner (VPG). Patients in the 
APG were given 5 meals/day containing natural animal protein 
(meat, fish, eggs). Supplements containing vitamins, minerals, 
and omega-3 fatty acids were provided in accordance with 
international recommendations (24). The diets were prepared 
by New Penta s.r.l. (Cuneo, Italy) following the indications of 
nutritionists and were delivered in preassembled boxes.

Participants received counseling by physicians and nutri-
tion experts at baseline (T0) and every 2 weeks up to day 45 
(T45); dietary compliance was also assessed. Participants were 
encouraged to exercise for 30 min at least 3 times weekly, but 
no formal exercise program or incentives were provided.

Anthropometric assessment
BW, height, systolic and diastolic BP, waist circumference 

(WC), thigh circumference (TC), and hip circumference (HC) 
were measured at T0 and every 2 weeks. Anthropometric 
measurements were recorded after an overnight fast under 
resting conditions using calibrated equipment. BW was meas-
ured using a balance-beam scale (Seca GmbH & Co). Systolic 
and diastolic BP were measured using a mercury-gravity man-
ometer. Height was rounded to the closest 0.5 cm. BMI was 
calculated as weight divided by squared height in meters (kg/

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/9/2939/5850439 by guest on 31 M
ay 2023



doi:10.1210/clinem/dgaa336 https://academic.oup.com/jcem  2941

m2). WC was measured midway between the costal arch and 
the iliac crest, HC was measured at the symphysis-greater tro-
chanter level to the closest 1 cm, and TC was measured dir-
ectly below the gluteal fold of the right thigh.

Blood and urine chemistry
Blood count (ADVIA 2120i Hematology System, Siemens 

Healthcare s.r.l., Italy), electrolytes (chloride, potassium, and 
sodium: indirect ion-selective electrode potentiometry; cal-
cium, and magnesium: colorimetric assay]), glucose (enzym-
atic colorimetric assay), insulin (electrochemiluminescence 
immunoassay), lipids (triglycerides, total, high-density lipo-
protein, and low-density lipoprotein cholesterol; enzymatic col-
orimetric assay), total protein and albumin (capillary system), 
C-reactive protein (immunoturbidimetric assay), erythrocyte 
sedimentation rate (capillary photometric assay), plasma 
creatinine (kinetic colorimetric compensated Jaffé method), 
blood urea nitrogen (BUN), uric acid, alanine transferase, and 
aspartate transaminase (enzymatic colorimetric assay), and es-
timated glomerular filtration rate (eGFR) were determined at 
baseline and T45. All analyses were performed on a COBAS 
6000 (Roche Diagnostics, Risch-Rotkreuz, Switzerland) and 
on CapillarysR Systems (Sebia, Evry, France).

The hepatic steatosis index, a noninvasive screening tool 
for hepatic steatosis, was calculated according to Lee et al (25). 
Insulin-like growth factor 1 (IGF-1) plasma levels were meas-
ured after an overnight fast using commercial enzyme-linked 
immunosorbent assay kits (R&D Systems, Inc., Minneapolis, 
MN, US). Insulin resistance was determined using HOMA-IR 
(26). The semiquantitative concentration of acetoacetic acid 
was measured in the first morning urine at baseline and every 
week until the end of the study by the patients (Ketur-Test, 
Accu-Chek, Roche Diagnostics, Italy).

Dual-energy X-ray absorptiometry measurement
Body composition, total and regional body fat mass, and 

fat-free mass were measured by dual-energy X-ray absorpti-
ometry (Hologic 4500, Bedford, MA, US) at baseline and at 
the end of the trial. Trunk fat was defined as the adipose tissue 
localized within the region below the chin, delineated by ver-
tical lines within the left and right glenoid fossae bordering 
laterally to the ribs and by the oblique lines that cross the fem-
oral necks and converge below the pubic symphysis.

Muscular strength
Handgrip strength (HG) was measured with a digital dyna-

mometer (DynEx, Akern, Pontassieve, FI, Italy) at T0 and T45 
with the patients seated, shoulder adducted, and forearms 
resting flat on the chair arms. Before starting, patients were 
asked to squeeze the dynamometer as hard as possible for at 
least 3  s. Three measurements were repeated with both the 
dominant and nondominant arms. The highest value meas-
ured was recorded.

Taxonomic composition of the gut microbiome
Fecal sampling was performed using a sterile swab 

(FLmedical, Italy) and tubes (Starlab Group, Italy) in the 
morning of the day of initiating the VLCKD and at T45; the 
samples were put on ice immediately after collection, brought 
to the hospital within 2 h, and stored at −80°C. The samples 

were transferred to the laboratory on dry ice within 24 h of 
collection and stored at −80°C until deoxyribonucleic acid 
extraction. Deoxyribonucleic acid was extracted using the 
Cador Pathogen 96 QIAcube HT Kit (Qiagen s.r.l., Italy) with 
lysis step modification according to the Mobio PowerFecal 
kit (Qiagen). The V3-V4 regions of the 16S ribosomal ribo-
nucleic acid gene were amplified using the Illumina tailed pri-
mers Pro341F (5’-TCGTCGGCAGCGTCAGATGTGTATA
AGAGACAG-CCTACGGG AGGCAGCA-3′) and Pro805R 
(5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGA CAG-
GACTACNVGGGTATCTAATCC-3′) using Platinum Taq 
(Thermo Fisher Scientific Inc, US) to conduct PCR (94°C 
for 2 min, followed by 25 cycles at 94°C for 30 s, 55°C for 
30  s, and 68°C for 30  s, and a final extension at 68°C for 
7  min). Polymerase chain reaction amplicons were purified 
with Agencourt AMPure XP Beads 0.8X (Beckman Coulter, 
Inc., CA, US) and amplified following the Nextera XT Index 
protocol (Illumina, Inc., CA, US). The purified amplicons 
were normalized by SequalPrep™ Normalization Plate Kit 
(Thermo Fisher Scientific Inc.) and multiplexed. The pool was 
purified with 1X Magnetic Beads Agencourt XP (Beckman 
Coulter, Inc.) loaded on the MiSeq System (Illumina, Inc.) and 
sequenced following the V3-300PE strategy. The bioinfor-
matic analysis was performed by Qiime2 (27). Raw reads 
were first trimmed by applying Cutadapt to remove residual 
primer sequences and then processed with DADA2 plug-in to 
perform the denoising step (28,29). DADA2 was run with de-
fault parameters except for the truncation length: forward and 
reverse reads were truncated at 270 and 260 nucleotides, re-
spectively. The resulting amplicon sequence variant sequences 
were filtered out by applying a 0.005% frequency threshold 
to discard singletons and very rare sequences. Greengeens 
v0.13–8 and Silva v0.132 databases were used to associate the 
taxonomy to the remaining amplicon sequence variants.

Questionnaires
Adherence to the dietary interventions was evaluated 

through a daily food diary. Safety was monitored throughout 
the trial based on the reported AEs either collected spon-
taneously or actively assessed by the investigators. Quality 
of life was assessed through the SF-36 questionnaire every 
2 weeks. Vivacity, agitation, sadness, calmness, energy, dis-
couragement, happiness, and satiety were evaluated using a 
5-point scale.

Data management and statistical methods
Data are expressed as the mean values  ±  standard devi-

ations or percentages where appropriate. Comparisons be-
tween groups were evaluated using Student’s t test. Differences 
between groups were tested by analysis of variance, and for 
differences 0-45, an analysis of covariance model was used 
when a significant group effect was observed. A Tukey post 
hoc test was used for multiple-comparison purposes in the 
case of F significant values. The number of subjects was iden-
tified considering the number of subjects generally included in 
similar published pilot studies (30-33). Assuming a power of 
0.80 and alpha of 0.05, 48 participants (total sample size, 16 
participants in each of 3 groups) were considered appropriate 
to highlight an effect size of 0.46 (high). Differences were con-
sidered statistically significant when P was ≤0.05. Since this 
was a pilot study, we also reported values with P  <  0.1 as 
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“trending toward significance.” Statistical analysis was carried 
out using R-package version 3.6.3.

Ethical aspects
The study protocol was approved by the Ethics Committee 

of the University of Rome “La Sapienza” (code 3920) and was 
conducted in accordance with the Declaration of Helsinki and 
Good Clinical Practice. All patients were informed about the 
possible risks and benefits of the proposed interventions and 
provided written consent.

Results

We screened 350 patients with obesity for eligibility 
from January 2019 to June 2019. We enrolled and 
randomized 48 participants. Sixteen patients were al-
located to the VLCKD with whey protein (WPG), 16 
to the VLCKD with vegetable protein (VPG), and 16 
to the VLCKD with animal protein (APG) (Fig. 1). All 
the participants were followed up to the completion of 
the study. The baseline characteristics of the patients 
were similar between groups and are summarized in 
Table  1. Compliance was comparable in all groups. 
Urine acetoacetic acid, reflecting ketosis, increased sig-
nificantly from baseline to the end of the VLCKD inter-
ventions (Table  1), and a plateau value was reached 
after 7 days in all groups (data not shown).

We recorded a significant reduction in initial BW both 
in the WPG and the VPG at T45. A reduction in BW was 
also observed in the APG (−6.4 ± 2.4 kg compared to 
baseline; range: −2.0 to −11.1  kg; average percentage 
BW loss: −6.5%), although it did not reach statistical 
significance. BMI followed the same pattern, with the 
exception that the improvement in BMI was statistic-
ally significant in the APG as well. Significant reductions 
in WC and systolic and diastolic BP were recorded in 
all groups. HC and TC reductions were observed in all 
groups and reached significance in the VPG and APG 
and in the WPG and VPG, respectively.

A significant reduction in fasting glycemia, fasting in-
sulin, and HOMA-IR was observed in all groups, with 
the exception of fasting glycemia in the VPG. Circulating 
IGF-1 levels increased in the WPG and decreased in the 
VPG. The increase in IGF-1 seen in the APG was not 
statistically significant.

A decreasing trend in total fat and trunk fat mass 
was consistently recorded, although the significance was 
seen only for trunk fat mass in the WPG and the VPG. 
A relative increase in the percentage of lean mass was 
also seen consistently. Electrolytes (data not shown) 
and liver function tests did not change during the study 
within groups. Small, nonsignificant variations in plasma 
creatinine values were observed in all groups. Of note, 
in the APG, BUN and uric acid increased while eGFR 
decreased significantly compared with baseline. Urinary 
pH values varied within the normal reference intervals 
(data not shown). At the baseline visit, no ketosis was 
recorded. The mean values of urinary acetoacetic acid 
increased from T0 to T45 in all groups (Table 1).

The hepatic steatosis index was slightly reduced at 
T45; however, the difference was significant only for 
VPG. All groups experienced a profound reduction in 
total cholesterol, low-density lipoprotein cholesterol, 
and triglycerides. Despite a strong improvement in the 
inflammatory markers erythrocyte sedimentation rate 
and C-reactive protein, changes in these measures did 
not show statistical significance. HG did not change 
during the observation period in any of the groups.

The P values of multiple comparisons of delta per-
centage variations in the measured parameters between 
groups that were statistically significant are shown in 
Table 2. No differences were seen for the majority of 
parameters, with the exception of IGF-1, creatinine, 
eGFR, blood urea, uric acid, and HG, whose vari-
ations differed between groups. Fig.  2 shows the box 
plot of the within-group percentage change values from 
baseline. Although the variations remained within the 

350 pa�ents assessed for eligibility

48 enrolled and randomized

302 excluded
• 266 did not meet inclusion criteria
• 36 declined to par�cipate

• 16 assigned to receive VLCKD with
plant proteins (group 2)

• 16 completed 45 days of diet program

• 16 assigned to receive VLCKD with
animal proteins (group 3)

• 16 completed 45 days of diet program

• 16 assigned to receive VLCKD with
whey proteins (group 1)

• 16 completed 45 days of diet program

Figure 1. Flow diagram of the study. A total of 350 individuals were screened. The subjects enrolled were randomized to either a VLCKD dietary 
intervention group with whey protein, a VLCKD dietary intervention group with vegetable protein, or a VLCKD dietary intervention group with 
animal protein.
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normal range, the group of patients who consumed a 
VLCKD containing animal protein (APG) showed an in-
crease in creatinine levels and a significant reduction in 
eGFR compared to the same parameters of the other 2 
treatment groups. The delta percentage increase in BUN 
was more pronounced in the WPG and APG, while uric 
acid increased more in the VPG. HG was maintained 
to a greater extent in the WPG than in the VPG. The 
delta percentage increase in IGF-1 values was more pro-
nounced in the WPG and APG than in the VPG.

The dominant phyla in the fecal samples of 
the patients at T0 were Firmicutes, Bacteroidetes, 
Proteobacteria, Verrucomicrobia, Fusobacteria, and 
Actinobacteria (Fig.  3A). The relative abundance of 
Firmicutes was significantly diminished and that of 
Bacteroidetes increased proportionally 45  days after 
the initiation of the VLCKDs (Fig. 3B). The mean rela-
tive abundance of Proteobacteria also increased, while 
that of Actinobacteria decreased (data not shown). The 
abundance of the 2 predominant bacterial divisions 

Table 2. Between-group (analysis of covariance) and within-group (analysis of variance) P values of the 
percentage change from baseline of the parameters with a significant group effect measured after 45 days 
of VLCKD consumption

Between Groups WPG vs VPG WPG vs APG A PG vs VPG

IGF-1 0.0000 0.0000 0.5697 0.0011
Creatinine 0.0010 0.0696 0.0006 0.2004
BUN 0.0019 0.2281 0.0973 0.0013
eGFR 0.0016 0.0334 0.0013 0.4690
Uric acid 0.0112 0.0533 0.0128 0.8316
HG 0.0040 0.0027 0.1351 0.2652

Values in bold indicate statistically significant results (P ≤ 0.05) and values “trending toward significance” (P < 0.1).
Abbreviations: ALM, appendicular lean mass; APG, animal protein group; BUN, blood urea nitrogen; DALM, dominant arm lean mass; eGFR, esti-
mated glomerular filtration rate; HG, handgrip strength; VPG, vegetable protein group; WPG, whey protein group. 

Figure 2. Box plot of pooled ranking of all observed relative differences (% variation vs basal values) from day 0 to day 45 in BUN, creatinine, 
eGFR, uric acid, HG, and IGF-1 values in the WPG, the VPG, and the APG. P values of the parameters plotted are shown in Table 2.
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(Firmicutes and Bacteroidetes) was almost superim-
posable in the 3 dietary intervention groups of patients 
at baseline, with no differences according to multiple 
comparison (Fig.  4). Over time, the relative abun-
dance of Bacteroidetes increased, and the abundance of 
Firmicutes significantly decreased, irrespective of diet 
type, with the only exception in the VPG, in which the 
increase in Bacteroidetes did not reach statistical signifi-
cance (Fig.  4). To verify whether the different protein 
sources in the VLCKDs could influence the variation 
in the abundance of Firmicutes and Bacteroidetes, a 
2-way analysis of variance test was performed. The in-
crease in Bacteroidetes and the decrease in Firmicutes 
were influenced by the protein composition of the diets. 
In particular, whey protein and vegetable protein were 
more potent in reducing the percentage of Firmicutes 
than the dietary intervention incorporating animal 

protein. Regarding the Bacteroidetes gut microbiota 
content, a significant difference was only observed be-
tween the individuals exposed to the diets incorporating 
whey protein and vegetable protein, with the VLCKD 
containing whey protein exhibiting a more potent 
ability to increase the percentage of total sequences of 
Bacteroidetes.

The AEs were mild; in fact, none of the patients 
dropped out of the study, and the differences between 
the diet interventions were negligible (Table 3 shows the 
most frequent side effects and the number of partici-
pants reporting them). During ketosis, the intragroup 
variation as well as the intergroup variation in the 
quality-of-life scores did not change (data not shown).
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Figure 3. Correlation between VLCK dietary interventions and gut 
microbial ecology. (A) Relative abundance of bacterial phyla in each 
sample among each treatment group (n = 7) at time 0 and after 
45 days of VLCKD dietary intervention (Group 1, VLCKD with whey 
protein; Group 2, VLCKD with vegetable protein; Group 3, VLCKD 
with animal protein). (B) Relative abundance of Bacteroidetes and 
Firmicutes. For each time point, values from all available samples were 
averaged (n = 21 per time point). Mean values ± standard deviations 
are plotted. ***P < 0.0001
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Figure 4. Effect of 45-day VLCKD dietary interventions with whey 
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protein (red bars) on the relative abundance of Firmicutes and 
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were averaged (n = 7 per time point). Mean values ± standard 
deviations are plotted. *P < 0.017; **P < 0.0023; ***P < 0.001.
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Discussion

Our data show that a 45-day-long VLCKD causes a pro-
found reduction in BW and improves glycemic control, 
lipid metabolism, and arterial pressure in patients with 
obesity and insulin resistance. The VLCKD is safe and 
well tolerated; the gut microbiota composition is influ-
enced by the VLCKD, and the source of dietary protein 
modulates the variation in the gut microbiota caused 
by the VLCKD. Whey protein intake contributes more 
substantially to the preservation of muscle performance.

These results provide important implications. First, 
VLCKDs may hold promise as a strategy to simultan-
eously improve glycemic control while facilitating pro-
found weight loss in patients with insulin resistance. All 
individuals who consumed VLCKDs showed a decrease 
in fasting plasma glucose, insulin, and HOMA-IR. 
Of note, no episodes of hypoglycemia were observed. 
Numerous studies on VLCKDs have shown diabetes im-
provement and remission (8,9,11,34). Here, we show 
that this pattern applies to individuals with insulin re-
sistance as well. We hypothesize that the improvement 
in carbohydrate metabolism might correlate with both 
weight loss and low sugar content, although additional 
mechanisms cannot be excluded (35). The short dur-
ation of our intervention prevents the assessment of the 
durability of the effect.

An important concern with low carbohydrate diets is 
the potential negative impact on lipid metabolism due 
to the increased proportion of calories coming from fat. 
Clearly, this does not apply to a 45-day VLCKD, for 
which the daily lipid intake is still low, as can be inferred 
by the profound reduction in the circulating cholesterol 
and triglyceride levels measured in our patients. Many 
other mechanisms may contribute to the reduction in cir-
culating lipids, such as the improvement in insulin resist-
ance with positive effects on lipid metabolism through 
the action on 3-hydroxy-3-methylglutaryl coenzyme 

A reductase and striking effects on lipoprotein size and 
subclass particle concentrations (36). Moreover, it has 
been reported that even high-fat ketogenic diets are 
capable of ameliorating nonalcoholic fatty liver disease 
through de novo lipogenesis inhibition and fatty acid 
oxidation induction, leading to weight loss and reduced 
hepatic fat content. It is therefore unsurprising that 
serum triglycerides, well-established markers of liver 
fat, are almost invariably reduced upon the adoption of 
any kind of ketogenic diet (37).

Many studies have shown that dietary protein con-
tent may play a role in weight management (38-40). 
Much less is known about the importance of the sources 
from which these proteins are derived (41). In the face 
of significant variations in the anthropometric meas-
ures between T0 and T45 within each group, the intake 
of different kinds of protein was not associated with 
meaningful changes in BW, WC, BMI, or the remaining 
anthropometric parameters among groups. Some dif-
ferences that might have clinical significance reflect the 
proportion of lean and fat mass in different body re-
gions. The loss of trunk fat mass was less pronounced 
in the group of patients who consumed animal protein. 
However, the between-group comparison of trunk fat 
content did not reveal a significant difference.

Analogous to a previous report (33), crude HG did 
not vary significantly during our dietary intervention. 
This is notable due to the well-known cardiovascular 
advantages of maintaining muscle strength (42,43). 
Interestingly, the individuals fed whey protein pre-
served their HG strength to a greater extent than in 
the vegetable protein-fed group. Whether this is due 
to the higher relative increase in IGF-1 levels associ-
ated with whey protein consumption is unclear. Our 
data are in line with the reported association between 
protein intake, largely attributable to milk intake, and 
circulating IGF-1 levels, an association that has been re-
lated to muscle strength (44,45). Our evidence is purely 

Table 3. Adverse events during the nutritional interventions recorded 15 days (T15) and 45 days (T45) after 
the start of the diets

WPG VPG APG

 T15 T45 T15 T45 T15 T45

Constipation 2 (12.5) 4 (25) 2 (12.5) 4 (25) 2 (12.5) 6 (37.5)
Diarrhea 1 (0.6) 1 (0.6) 3 (18.7) 2 (12.5) 1 (0.6) 2 (12.5)
Cramps 1 (0.6) 1 (0.6) 2 (12.5) 1 (0.6) 1 (0.6) 1 (0.6)
Nausea 2 (12.5) 2 (12.5) 2 (12.5) 1 (0.6) 1 (0.6) 1 (0.6)
Fatigue 1 (0.6) 1 (0.6) 3 (18.7) 2 (12.5) 2 (12.5) 1 (0.6)
Hunger 3 (18.7) 3 (18.7) 2 (12.5) 2 (12.5) 3 (18.7) 2 (12.5)
Headache 4 (25) 1 (0.6) 2 (12.5) 1 (0.6) 2 (12.5) 2 (12.5)
dizziness 2 (12.5) 2 (12.5) 2 (12.5) 1 (0.6) 1 (0.6) 1 (0.6)
Insomnia 1 (0.6) 1 (0.6) 1 (0.6) 2 (12.5) 2 (12.5) 2 (12.5)

Results are given as number (percentage) of participants reporting an adverse event.
Abbreviations: APG, VLCKD incorporating animal protein; VPG, VLCKD incorporating vegetable protein; WPG, VLCKD incorporating whey protein.
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associative, and many other mechanisms, including 
neural mechanisms, learning effects, and improvement 
in the actin-myosin machinery, among others, may ex-
plain this finding. Furthermore, our measurements, al-
though accurately conducted, suffer from the variation 
in current methods of assessing grip strength (46); thus, 
an analysis of a larger sample is warranted.

The intestinal microbiota is relatively stable 
throughout adult life (47-49). Each individual has his 
or her own unique microbial community whose profile 
is stable over time. However, much is still unknown re-
garding how stable the microbiota is to perturbations, 
such as those arising from antibiotics, diet, and the im-
mune system. Ketogenic diets influence the taxonomic 
and functional composition of the gut microbiota with 
mixed contradictory results (50). We observed a pattern 
in the variation in the microbiota that resembled that 
in children affected by refractory epilepsy treated with 
ketogenic diets, with increased amounts of Bacteroides 
and decreased amounts in Firmicutes (51,52). Moreover, 
we found divergent responses to VLCKDs containing 
protein from different sources with substantial effects 
on the Firmicutes-to-Bacteroidetes ratio. Recent evi-
dence suggests that the quality of dietary protein may 
impact the gut environment, shaping the microbiota and 
the host-microbe (co)metabolic pathways and products 
and linking protein-dependent changes in the obese gut 
microbiota (53,54). The gut microbiota composition 
in mice (55), rats (56), and piglets (57) revealed diver-
gent responses to diets containing protein from different 
sources. Although the prospect of health-interpretable 
microbiota data is exciting (58,59), and despite a decade 
of research establishing a strong association between the 
gut microbiota and various diseases, including obesity 
and diabetes, in humans a causal relationship and the 
underlying mechanism remain unknown (60-62). The 
strongest effect of the VLCKD containing whey protein 
in reducing Firmicutes and increasing Bacteroidetes 
compared with the vegetable- and animal-containing 
VLCKDs observed here warrants further investigation.

The profound metabolic effects associated with 
VLCKDs were observed in the absence of serious AEs 
that were previously associated with VLCKD interven-
tions (8,50,63,64). Quality-of-life score variations were 
negligible.

Regarding the potential issues of our pilot study, 
the number of subjects enrolled was small, although 
sufficient, to appreciate the variations induced by 
VLCKDs. The short duration is a further limita-
tion, together with the lack of follow-up. Moreover, 
the measurement of capillary blood concentration 
of beta hydroxybutyrate would have been a more 

accurate method of ketosis assessment than the urinary 
acetoacetate semiquantitative determination used in this 
study for technical reasons. However, the fundamental 
objectives that our study had set were achieved, and 
the additional information obtained will certainly lead 
to further investigation. In summary, these data show 
that a 45-day-long VLCKD is safe and quickly reduces 
weight and fasting glycemia in patients with obesity and 
insulin resistance. The investigated protein sources did 
not differentially impact anthropometric or metabolic 
parameters under the acute conditions of the interven-
tion in our experimental design. However, whey pro-
teins and vegetable proteins showed a safer profile and 
directed the intestinal microbiota toward a healthier 
composition.
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Abstract: Background: The prevention and treatment of obesity and its cardio-metabolic compli-
cations are relevant issues worldwide. Among lifestyle approaches, very low-calorie ketogenic
diets (VLCKD) have been shown to lead to rapid initial weight loss, resulting in better long-term
weight loss maintenance. As no information on VLCKD studies carried on in a real-world setting
are available, we conducted this multi-centre study in a real-world setting, aiming at assessing the
efficacy and the safety of a specific multiphasic VLCKD program in women with overweight or
obesity. Methods: A multi-center, prospective, uncontrolled trial was conducted in 33 outpatient
women (age range 27–60 y) with overweight or obesity (BMI: 30.9 ± 2.7 kg/m2; waist circumference:
96.0 ± 9.4 cm) who started a VLCKD dietary program (duration: 24 weeks), divided into four phases.
The efficacy of VLCKD was assessed by evaluating anthropometric measures and cardiometabolic
markers; liver and kidney function biomarkers were assessed as safety parameters. Results: The
VLCKD program resulted in a significant decrease of body weight and BMI (−14.6%) and waist
circumference (−12.4%). At the end of the protocol, 33.3% of the participants reached a normal weight
and the subjects in the obesity range were reduced from 70% to 16.7%. HOMA-IR was markedly
reduced from 3.17 ± 2.67 to 1.73 ± 1.23 already after phase 2 and was unchanged thereafter. Systolic
blood pressure decreased after phase 1 (−3.5 mmHg) and remained unchanged until the end of
the program. Total and LDL cholesterol and triglycerides were significantly reduced by VLCKD
along with a significant HDL cholesterol increase. Liver, kidney and thyroid function markers did
not change and remained within the reference range. Conclusions: The findings of a multi-center
VLCKD program conducted in a real-world setting in a cohort of overweight/obese women indicate
that it is safe and effective, as it results in a major improvement of cardiometabolic parameters, thus
leading to benefits that span well beyond the mere body weight/adiposity reduction.

Keywords: very-low calorie ketogenic diet; obesity; cardiovascular risk; insulin resistance; nutraceutical

1. Introduction

Prevention and treatment of obesity and its cardio-metabolic complications are grow-
ing public health problems worldwide since this condition affects a relevant part of the
world population across both genders and all ages and ethnic groups, and its prevalence is
now maintained or even accelerated in most industrialized countries [1–4]. In recent years,
the prevalence of obesity has reached epidemic proportions, and, therefore, the identifica-
tion of effective lifestyle tools, including nutritional ones [5], able to produce significant

Nutrients 2021, 13, 1804. https://doi.org/10.3390/nu13061804 https://www.mdpi.com/journal/nutrients

https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0001-5014-721X
https://orcid.org/0000-0002-0195-7061
https://orcid.org/0000-0002-5124-5361
https://orcid.org/0000-0002-7593-2094
https://orcid.org/0000-0002-2254-8881
https://www.mdpi.com/article/10.3390/nu13061804?type=check_update&version=1
https://doi.org/10.3390/nu13061804
https://doi.org/10.3390/nu13061804
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/nu13061804
https://www.mdpi.com/journal/nutrients


Nutrients 2021, 13, 1804 2 of 14

weight loss and to maintain it over time is mandatory, in order to limit its progression
from the uncomplicated stage to that characterized by cardiovascular and metabolic com-
plications [6–8], as well as oncologic diseases [9]. In this context, cardiovascular disease
(CVD) risk and unhealthy lifestyle habits [10] are often underdiagnosed and undertreated,
therefore highly contributing to atherosclerotic CVD (ASCVD) prevalence [11]. The cur-
rent treatment options for obesity include balanced hypocaloric diets, exercise, lifestyle
modifications, drugs, use of endoscopic devices (e.g., intragastric balloon) and bariatric
surgery [12–15]. The therapeutic benefit of all currently available anti-obesity interventions
is often limited by their subjective efficacy, variable tolerability, safety profiles and poor
compliance, with the latter being a strongly limiting variable, especially when long-term
treatments are needed [4,16]. Many dietary regimens that operate through various mecha-
nisms have been proposed to reduce appetite or for weight control [17,18] and the leading
non-pharmacological approach is the use of diets, particularly low-calorie and very low-
calorie ketogenic diets (VLCKD) [19–21]. VLCKD has been endorsed by the European Food
Safety Agency (EFSA) for reduction of body weight in subjects with obesity, according
to a specific Scientific Opinion (https://www.efsa.europa.eu/it/efsajournal/pub/2271,
accessed 2 April 2021), and a specific consensus statement discussing the appropriate use of
VLCKD has been recently published by a scientific panel of the Italian Society of Endocrinol-
ogy [22]. Indeed, in studies conducted in hospital settings, the VLCKD approach has been
shown to lead to a rapid initial weight loss, which results in better long-term weight loss
maintenance [23] although in some cases an adequate weight reduction at the beginning
of the diet program is followed by a shotdown of weight decrease. This problem may
depend upon different factors, including individual metabolic rate and patient compliance.
The VLCKD approach generally includes an initial phase with a complete replacement
of regular meals with food or formulations that provide 400–800 kCal/day. This type of
diet may be better defined as a “therapeutical approach” since it is commonly followed
under medical supervision in patients with BMI > 30 kg/m2 or in subjects needing a rapid
weight loss in preparation to other medical procedures [21,24] and is usually associated
with the use of specific food supplements. Since, to our best knowledge, no information on
VLCKD studies conducted in a real-world setting are available, the present multi-centre
study, conducted in a real-world setting, was aimed at assessing the efficacy, according to
anthropometric and cardiometabolic changes, and safety of a specific multiphasic VLCKD
program in women with overweight or obesity.

2. Materials and Methods
2.1. Study Design and Population

The study was designed as a multi-center, prospective, uncontrolled trial in a real-life
setting and included Caucasian outpatient women with overweight or obesity and some
features of the metabolic syndrome, including increased waist circumference (WC) and
pharmacologically controlled arterial hypertension [25]; 11/33 subjects were on pharma-
cological therapy for arterial hypertension (Table S1). All patients were consecutively
admitted to one of the 5 participating clinical centers in the Milan area (Italy) in the period
2016–2018. Each clinical center is specialized in the medical management of obesity, with a
specific expertise in VLCKD program, and includes expert physicians; 2 centres also in-
cluded a trained dietician. The inclusion criteria were: female sex upper-range overweight
or grade 1 or 2 obesity (body mass index (BMI) range: 27–37 kg/m2), age between 25 and
65 years, negative for pregnancy test, and having signed an informed consent. The main
exclusion criteria were: current or previous smoking, pregnancy and nursing, history of
diabetes mellitus, renal disease or severe renal impairment (plasma creatinine >1.5 mg/dL),
severe liver disease, HIV infection, nervous system and cardiovascular diseases (includ-
ing uncontrolled arterial hypertension), blood diseases, cancer or any progressive severe
disease, osteoporosis, eating disorders or any psychiatric disease, uncontrolled thyroid
diseases, menopause hormonal replacement therapy, pharmacological treatments known
to interfere with the study treatment, history of bariatric surgery, and patients who were
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enrolled in another research study in the last 12 months. At the screening visit, all patients
underwent fasting blood sampling and a full clinical examination, to evaluate height (in
standing position and without shoes and corrected to the closer 0.5 cm), body weight, WC
and hip (HC) circumferences (in standing position, measured with a flexible tape), heart
rate (HR) and arterial blood pressure. These parameters were also recorded at all subse-
quent visits. A total of 44 eligible patients (age 49.5 ± 7.2 yrs, and BMI 30.9 ± 2.7 kg/m2

(mean ± SD)) were enrolled in the study and started a VLCKD dietary program (Pentadiet
program, Figure 1) with a total intervention duration of 24 weeks. Eleven patients were on
chronic therapy known not to interfere with VLCKD treatment (Table S1). The concomitant
medications of the study subjects at baseline are reported in Table S1. The indicated treat-
ments were carried on until the end of the VLCKD program, under appropriate monitoring
for possible adverse effects. The study was conducted in accordance with the guidelines
of the declaration of Helsinki (http://www.wma.net/en/30publications/10policies/b3/,
accessed 2 April 2021), and the study protocol was approved by the Institutional Ethics
Committee (approval N◦441/2011). Patients were informed about all aspects related to the
study, possible benefits and risks were explained at the beginning of the study and subjects
were informed about the possibility to leave the study at any time without penalty. Written
informed consent was obtained from each subject before starting the VLCKD program.
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2.2. Clinical Procedures

The overall duration of the study was 24 weeks, divided into 4 sequential phases: two
“active phases” (phases 1 and 2) and two “stabilization phases” (phases 3 and 4) (Figure 1).
Each phase had a standard duration, and the daily plan included 3 main meals (breakfast,
lunch, dinner) and 1 snack in the afternoon in all phases. All low-carbohydrate foods (Pro-
tiligne) and a food supplement (PentaCal) used in the VLCKD program were provided by
New Penta srl (Milan, Italy). The average daily food intake, including pre-prepared meals
(Protiligne, Table S2B), varied according to each phase. As reported in Table S2, the energy
and macronutrient content of meal replacement portions were within the indicated range,
and varied according to each specific type (i.e., soups, cakes, meat plates, etc.). Thus, during
each phase of the program, the daily target of energy and macronutrients was reached com-
bining different meal replacement portions and the allowed foods. The daily intake of pro-
tein, carbohydrate, linoleic acid, γ-linoleic acid and micronutrients during all the phases of
the VLCKD program was above the minimum content recommended by EFSA, according
to a specific Scientific Opinion (https://www.efsa.europa.eu/it/efsajournal/pub/2271,
accessed 2 April 2021). Patients were instructed to drink not less than 1.5–2 L of water
daily and to avoid ingestion of any sweets, sugarfree chewing gums and soft drinks, herbal
tea with fruit, and preserved vegetables. The program included the use of a vitamin and

http://www.wma.net/en/30publications/10policies/b3/
https://www.efsa.europa.eu/it/efsajournal/pub/2271
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mineral supplement (PentaCal, Table S2A) during phases 1 and 2. At the end of the study,
a compliance survey was submitted to all patients.

The efficacy of VLCKD was assessed by evaluating anthropometric measures (height,
weight, BMI, WC and HC), SBP/DBP, HR and glucose metabolism markers, whereas liver
and kidney function biomarkers were assessed as safety parameters.

2.3. Blood and Urinary Biochemistry

Before starting the VLCKD program and at the end of phases 2 and 4, urine and fasting
blood samples from an antecubital vein were collected at 8:00–10:00 a.m. after an overnight
fast. The following haematological and biochemical parameters, used as efficacy and safety
end-points, were evaluated using standard automated clinical procedures (Cobas system,
Roche, Italy): complete blood count, electrolytes (chloride, potassium, calcium, magnesium,
sodium), fasting plasma glucose (FPG) and insulin, HbA1c, plasma protein concentration,
lipids (total cholesterol (TC), HDL cholesterol (HDL-C) and triglycerides (TG)), uric acid,
blood urea nitrogen, creatinine, alanine transferase (AST), aspartate transaminase (AST),
γ-glutamyl transpeptidase (γ-GT), high-sensitivity C-reactive protein (hs-CRP) and TSH
reflex. Urinary ketones were evaluated using Ketostix strips (Bayer, Germany). All bio-
chemical analyses were conducted in 3 certified clinical laboratories in the Milan area. All
samples from each participating subject were collected and analyzed in the same laboratory.
LDL cholesterol (LDL-C) was calculated according to the Friedewald formula [26]. The
homeostasis model assessment of insulin resistance (HOMA-IR) index was calculated
as follows: HOMA-IR = (fasting glucose (mmol/L) × insulin (mU(mL))/22.5) [27]. The
triglyceride-glucose (TyG) index was calculated as follows: ln (TG × FPG/2). Creatinine
clearance was calculated according to the Cockroft-Gault formula [28].

2.4. Statistical Analysis

Sample size calculation. A sample size of at least 26 subjects in the study group
achieves 90% power to detect a reduction of 10% in body weight vs. population of obese
women in the same range of BMI (from 27 to 37 kg/m2; mean body weight = 85 kg;
standard deviation = 13 kg), with a type I error rate of 5%. The cardiovascular risk score
was calculated according to the Framingham Risk Score using lipid values (FRS lipids) and
using BMI (FRS BMI) [29] and the EAS/ESC SCORE for low-risk countries (like Italy) [30].
A per protocol analysis was performed. Quantitative variables are presented as mean
values ± standard deviation, SD), while qualitative variables are presented as frequencies.
Comparisons between continuous variables across visits were performed by using the
non-parametric Friedman test for k mutually related samples. All reported p-values are
based on two-sided tests and compared to a significance level of 5%. All statistical analyses
were performed using IBM SPSS Statistics software package for Windows, Version 25.0.
Armonk, NY, USA: IBM Corp.

3. Results
3.1. Study Population

The study included women with upper-range overweight or grade 1–2 obesity and was
conducted in a real-life setting. Among the 44 eligible patients, 11 were excluded before the
start of the VLCKD program, due to personal reasons or duties, such as lack of motivation
in undergoing the dietary plan or family problems (Figure 2). Therefore, 33 subjects were
allocated to the VLCKD program, and, since 3 participants dropped-out during phase 1
(n = 2) or phase 2 (n = 1) by directly declaring to exit from the VLCKD program, due to lack
of interest/motivation, 30 subjects completed the study (Figure 2) and their baseline data
are reported in Table 1. The study subjects had a BMI of 30.9 ± 2.7 kg/m2, with a relevant
abdominal adiposity (WC: 96.0 ± 9.4 cm), mild dyslipidemia (LDL-C: 144.0 ± 33.6 mg/dL;
non HDL-cholesterol (non-HDL-C): 164.9 ± 35.7 mg/dL) and some degree of insulin
resistance, as shown by a moderately elevated HOMA-IR (3.17 ± 2.67).
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Table 1. Baseline data (n = 30).

MEAN ± SD MINIMUM MAXIMUM

Age (years) 49.5 ± 7.2 27 60
Weight (kg) 81.8 ± 10.9 63.0 104.6
Height (m) 1.62 ± 0.07 1.48 1.78
BMI (kg/m2) 30.9 ± 2.7 26.96 36.06
Waist circumference (cm) 96.0 ± 9.4 80.0 114.0
Hip circumference (cm) 113.1 ± 7.7 100.0 130.0
Waist-to-hip ratio 0.85 ± 0.08 0.72 1.04
SBP (mmHg) 127.2 ± 10.2 110 160
DBP (mmHg) 81.5 ± 8.9 60 100
Heart rate (bpm) 69.4 ± 6.3 52 80
FPG (mg/dL) 95.1 ± 15.6 73 155
HbA1c (mmol/mol) 36.98 ± 5.19 30.05 58.40
Insulin (mU/L) 12.65 ± 7.31 3.00 39.60
HOMA-IR 3.17 ± 2.67 0.64 15.16
Total cholesterol (mg/dL) 223.0 ± 37.7 159 339
HDL-cholesterol (mg/dL) 58.0 ± 12.9 37.3 82.7
Non HDL-cholesterol (mg/mL) 164.9 ± 35.7 101.3 289.3
Triglycerides (mg/dL) 104.7 ± 41.4 44 208
LDL-cholesterol (mg/dL) (*) 144.0 ± 33.6 80.1 248.3
Uric acid (mg/dL) 4.6 ± 1.0 3.1 6.6
AST (mg/dL) 18.5 ± 4.6 12 32
ALT (mg/dL) 20.5 ± 12.2 8 63
γ-GT (mg/dL) 21.0 ± 8.6 10 46
Creatinine (mg/dL) 0.74 ± 0.13 0.44 0.98
Creatinine clearance (mL/min) 122.40 ± 33.09 73.65 221.49
BUN (mg/dL) 33.39 ± 8.62 22.40 51.00
TSH (mUI/L) 2.38 ± 0.80 1.01 3.70

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HbA1c, glycosylated hemoglobin; HOMA IR, homeostatic model assessment for insulin resistance; AST, aspartate
transaminase; ALT, alanine transaminase; γ-GT, gamma-glutamyl transferase; BUN: blood urea nitrogen; TSH,
thyroid-stimulating hormone. (*) calculated by the Friedewald formula.

3.2. Analysis of the Ketogenetic Effect of VLCKD

The determination of urinary ketones, an indirect index of carbohydrate restriction
and adherence to the proposed dietary plan based on a VLCKD approach, was performed
in order to evaluate the actual presence of ketogenesis produced by dietary carbohydrate
restriction during the first 2 phases of the protocol. As expected, urinary ketones were
not detectable at baseline. The occurrence of dietary-induced ketogenesis, detected by the
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presence of urinary ketones, was observed in 78% of the patients after phase 1 and in 50%
of the patients after phase 2.

3.3. Effect of VLCKD on Anthropometric Parameters

Over the entire VLCKD program, which lasted 24 weeks, all anthropometric parame-
ters were progressively improved, with a total significant decrease of 14.6% in body weight
and BMI (Figure 3A), 12.4% in WC (Figure 3B) and 10.0% in HC, resulting in a lower
(−2.7%) Waist-to-Hip ratio (WHR) (Figure 3C). It should be highlighted that the reduction
of BMI and WC in a single-phase, although significant after each of them compared to
the start value, was greater during phases 1–2 (BMI: −6.2% and −4.9%, WC: −4.7% and
−4.6%, respectively) (Figure 3A,B), although some contribution to total weight loss was
observed in all subsequent phases, leading to a cumulative 11.5 kg weight loss, on average.
At the end of the VLCKD protocol, 33.3% of the participants reached a normal weight and
the obesity prevalence was reduced from 70% to 16.7%. As a consequence, the overweight
group rose from 30 to 50% (Figure 4).
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Figure 3. Effect of the VLCKD program on BMI, waist circumference and waist/hip ratio. (A) BMI
changes during the 24-week program; (B) waist circumference during the 24-week program;
(C) waist/hip ratio during the 24-week program. Data are mean ± SD. (*) p < 0.05 and (**) p < 0.001:
p-value across consecutive visits. (N) p < 0.05 and (NN) p < 0.001: p-value for trend.
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3.4. Effect of VLCKD on Glucometabolic and Cardiovascular Parameters

At baseline, patients enrolled in the study displayed a moderate rate of insulin resis-
tance (HOMA-IR: 3.17 ± 2.67) (Table 1. The VLCKD program showed a specific effect on
this parameter, as it was significantly reduced to 1.73 ± 1.23 (−38.0%; p = 0.003) at the end
of phase 2, due to reduction of both plasma insulin (−35.0%; p < 0.001) and FPG (−8.7%;
p = 0.002), in association with reduced HbA1c (−5.6%; p = 0.008), and then remained un-
changed after phase 3 (Table 2). The TyG index was also significantly improved (p < 0.001)
(Table 2). No changes in uric acid levels were observed (Table 3). SBP decreased after
phase 1 (−3.5 mmHg; −2.5%; p = 0.006) and then remained unchanged until the end of the
program. As reported above, the study subjects showed moderate baseline hypercholes-
terolemia (TC 223.0 ± 37.7) mg/dL). TC, TG and LDL-C were significantly reduced by
the VLCKD program after phase 3, along with a significant increase of HDL-C (p = 0.027),
resulting in reduced non-HDL-C (Table 3). The individual change of LDL-C level showed
some variability since 6/30 patients displayed no changes and 6/30 had moderately in-
creased concentrations (maximum 158 mg/dL in one case). Moreover, hsCRP (always
below 0.1 mg/L; not shown) and uric acid (Table 3) concentrations did not significantly
change during the intervention. At baseline, the study subjects were almost entirely at very
low/low CVD risk, according to FRS lipids, FRS BMI and EAS/ESC SCORE algorithms.
Interestingly, however, the BMI and lipid improvements driven by VLCKD resulted in
a mean absolute reduction of these scores: FRS lipids (from 1.99 ± 1.57 to 1.53 ± 1.20),
FRS BMI (from 6.23 ± 4.13 to 5.05 ± 3.12) and EAS/ESC SCORE (from 0.42 ± 0.34 to
0.36 ± 0.30), due to the specific reduction in the few with higher CVD risk.
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Table 2. Effect of VLCKD on glucometabolic parameters.

Mean ± SD Absolute Change
(% Change) p-Value *

FPG (mg/dL)
Baseline 95.1 ± 15.6 −9.3

(−9.8) 0.001Visit 2 85.9 ± 12.1
Visit 3 85.8 ± 11.9

HbA1c (mmol/mol)
Baseline 36.98 ± 5.19 −2.47

(−6.0) 0.001Visit 2 34.75 ± 2.82
Visit 3 34.51 ± 3.14

Insulin (µU/mL)
Baseline 12.65 ± 7.31 −4.72

(−37.3) 0.001Visit 2 7.73 ± 4.92
Visit 3 7.93 ± 6.10

HOMA-IR
Baseline 3.17 ± 2.67 −1.39

(−43.8) 0.001Visit 2 1.73 ± 1.23
Visit 3 1.78 ± 1.82

TyG index
Baseline 8.43 ± 0.45 −0.41

(−4.9) 0.001Visit 2 8.05 ± 0.38
Visit 3 8.02 ± 0.49

FPG, fasting plasma glucose; HbA1c: glycosylated hemoglobin; HOMA-IR: Homeostatic Model Assessment for
Insulin Resistance; TyG index, triglyceride-glucose index; * Friedman test for k mutually related samples.

Table 3. Effect of VLCKD on cardiovascular, lipid and safety parameters.

Mean ± SD Absolute Change
(% Change) p-Value *

SBP (mmHg)

Baseline 127.2 ± 10.2

−3.5
(−2.8) 0.006

Visit 1 123.3 ± 9.8
Visit 2 123.2 ± 9.6
Visit 3 121.4 ± 8.4
Visit 4 123.7 ± 9.6

DBP (mmHg)

Baseline 81.5 ± 8.9

−3.5
(−4.3) 0.211

Visit 1 80.1 ± 8.2
Visit 2 80.0 ± 9.3
Visit 3 78.6 ± 9.0
Visit 4 78.0 ± 8.6

HR (bpm)

Baseline 69.4 ± 6.3

−0.3
(−0.4) 0.021

Visit 1 72.0 ± 6.7
Visit 2 69.7 ± 5.0
Visit 3 70.4 ± 6.8
Visit 4 69.1 ± 12.9

TC (mg/dL)
Baseline 223.0 ± 37.7 −13.2

(−5.9) 0.000Visit 2 194.8 ± 30.7
Visit 3 209.7 ± 28.4

HDL-C (mg/dL)
Baseline 58.0 ± 12.9 3.3

(5.7) 0.000Visit 2 52.7 ± 12.7
Visit 3 61.7 ± 13.0

TG (mg/dL)
Baseline 104.7 ± 41.4 −27.1

(−25.9) 0.000Visit 2 78.4 ± 29.1
Visit 3 77.6 ± 31.1

LDL-C (mg/dL) (◦)
Baseline 144.0 ± 33.6 −11.2

(−7.8) 0.000Visit 2 126.4 ± 23.4
Visit 3 132.8 ± 23.7
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Table 3. Cont.

Mean ± SD Absolute Change
(% Change) p-Value *

non HDL-C
(mg/dL)

Baseline 164.9 ± 35.7 −16.5
(−10.1) 0.000Visit 2 142.1 ± 23.4

Visit 3 148.4 ± 24.4

TG/HDL-C
Baseline 1.97 ± 1.14 −0.6

(−30.5) 0.001Visit 2 1.62 ± 1.05
Visit 3 1.35 ± 0.73

Uric acid (mg/dL)
Baseline 4.6 ± 1.0 −0.3

(−6.5) 0.093Visit 2 4.5 ± 1.1
Visit 3 4.3 ± 1.1

AST (UI/L)
Baseline 18.5 ± 4.6 −0.3

(−1.6) 0.246Visit 2 19.5 ± 6.0
Visit 3 18.2 ± 5.3

ALT (UI/L)
Baseline 20.5 ± 12.2 −1.5

(−7.3) 0.899Visit 2 21.4 ± 13.5
Visit 3 19.0 ± 9.2

γ-GT (UI/L)
Baseline 21.0 ± 8.6 −5.1

(−24.3) 0.000Visit 2 16.0 ± 8.3
Visit 3 15.9 ± 9.1

Creatinine (mg/dL)
Baseline 0.74 ± 0.13 −0.09

(−12.2) 0.004Visit 2 0.73 ± 0.13
Visit 3 0.65 ± 0.11

CC (mL/min)
Baseline 122.39 ± 33.09 −4.40

(−3.6) 0.026Visit 2 110.32 ± 26.15
Visit 3 117.99 ± 25.59

BUN (mg/dL)
Baseline 33.39 ± 8.62 2.46

(7.4) 0.092Visit 2 35.35 ± 6.22
Visit 3 35.85 ± 8.94

TSH (mUI/L)
Baseline 2.40 ± 0.77 −0.09

(−3.8) 0.629Visit 2 2.21 ± 0.88
Visit 3 2.31 ± 0.86

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; TC, total cholesterol; HDL-C, HDL-
cholesterol; TG, triglycerides; LDL-C, LDL-cholesterol; non-HDL-C, non-HDL-cholesterol; AST, aspartate transam-
inase; ALT, alanine transaminase; γ-GT, gamma-glutamyl transferase; CC, creatinine clearance; BUN, blood urea
nitrogen; TSH, thyroid-stimulating hormone; (◦) calculated by the Friedewald formula; * Friedman test for k
mutually related samples.

3.5. Effect of VLCKD on Markers of Liver, Kidney and Thyroid Function

At baseline, the markers of liver, kidney and thyroid function were within the reference
range and remained within it over the entire duration of the VLCKD program (Table 3).
A significant but moderate decrease was observed for γ-GT, creatinine and creatinine
clearance (Table 3).

4. Discussion

This study aimed at evaluating the efficacy and the safety of a multiphasic VLCKD
program, conducted in a multi-center real-world setting, in women with overweight or
obesity. The main objective was to assess the actual health benefits of such approach in
the context of the day-by-day management of these clinical conditions. The proposed
multiphasic VLCKD program turned out to be safe, according to liver, kidney and thyroid
biomarkers. Moreover, in the patients who completed the program, a set of important
improvements related to cardiovascular function and cardiometabolic disease risk has
been accomplished.
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The efficacy data obtained show that the VLCKD program resulted in a significant
reduction (−14.6%) of body weight and BMI, which is also greater than the 10% thresh-
old proposed by the obesity guidelines [15]. The average absolute reduction of BMI
(−4.4 kg/m2) is similar to that obtained in hospital-based studies with a ketogenic phase
up to 4 weeks (−4.2 kg/m2) or at least 4 weeks (6.2 kg/m2) [31]. Notably, the mean BMI
value at the end of the protocol (26.5 kg/m2) is just above the upper end (25 kg/m2) of the
normal range, with a reduction of subjects in the obese range from 70 to 16.7% at visit 3,
but some weight regain at visit 4, leading to a final 30% obese subjects. On the other side,
the percentage of subjects in the normal BMI range stably increased from 0% at baseline
to 40% at the end of the VLCKD program. These findings may suggest that the health
professional input is relevant not only in the initial phase of the VLCKD program but also
in the last phase and the subsequent follow-up over the months and the years, in order to
promote the longest time free of disease. Follow-up visits are important since, according to
the obesity guidelines [15], once achieved, the body weight reduction of at least −10% or
more should be maintained at least for 5 years to obtain an optimal benefit. Unfortunately,
data from follow-up visits, after completion of the 6-month VLCKD program, could not be
collected in this study, highlighting the relevant lack of long-term follow-up control visits
in the real-world context. Possible reasons are lack of motivation, reduced synergy with
the physician or the team and additional costs. In any case, this may clearly result in a
long-term reduced benefit of the initial weight loss, since only one recommendation of the
guidelines (weight reduction by at least −10%, but not 5 years maintenance) is fulfilled.

Interestingly, an additional important advantage of this VLCKD protocol was the
marked decrease of WC, which was reduced by 11.9 cm to an average of 84.1 cm, which is
even below the cut-off proposed by the harmonized criteria for metabolic syndrome [25]
and in line with previous meta-analysis data [31]. Needless to say, this was a major bene-
fit [8,32], which is reflected by the improvements of a several cardiometabolic biomarkers.
In our study, we observed a reduction of SBP, TC, TG, LDL-C and a small but signifi-
cant increase of HDL-C. The impact of VLCKD on LDL-C is still controversial in some
instances, since it has been reported either unchanged [31] or reduced, such as, on average,
in our study and in other recent studies conducted in men [33], or increased in a subset
of patients (1 out of 4 patients) undergoing VLCKD [34], probably due to the impact of
some gene variants [22]. These observations suggest that several factors, such as sex (our
study included only women), the presence of selected gene variants, etc., may influence
the individual LDL-C response to VLCKD and, indeed, also in our study we found some
patients with no LDL-C changes and a few with a moderate increase of this marker. These
findings then highlight the importance to evaluate LDL-C levels before and during/after a
VLCKD program, making sure, when appropriate, to implement a specific diagnostic and
therapeutic evaluation to assess ASCVD risk [35].

The overall reduction of CVD risk scores appears to be an important achievement of
the VLCKD treatment evaluated in this study. Although the selected study cohort was
already at low CVD risk at baseline, due to the female sex, no smoking, and the low-risk
area (Italy) of their origin, the VLCKD program resulted in a further reduction (due to
LDL-C and SBP reduction) of the SCORE CVD risk and of the FRS BMI and FRS lipids.
Therefore, the VLCKD-driven improvement of several variables, either included or not in
these risk algorithms, plays a role in reducing the global CVD risk.

A relevant reduction of insulin resistance, according to HOMA-IR reduction from
3.17 to 1.78 on average, represented another benefit, in line with other hospital-based
studies [36]. Interestingly, subjects with HOMA-IR values above the threshold of 2, which
indicates the presence of insulin resistance, were 66.7% at baseline but only 30% at the
end of the protocol, suggesting that some participants did not fully improve their insulin
resistance status.

These results obtained in a real-world setting thus appear comparable with those
obtained in hospital-based studies and are relevant not only for body weight reduction per
se but also of advantage in the overall reduction of primary CV and metabolic risk.
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VLCKD may be a challenging approach for patients, especially in the first 2 phases,
and requires a series of social and psychological features that may not be available to all
subjects candidate to such treatment. This is reflected by a rather relevant rate of drop-out
or non-compliance associated with VLCKD. Overall, 11/44 subjects either did not start
our protocol and additional 3/33 (9%) dropped out within the first week of treatment,
due to family reasons or lack of motivation to implement such a specific dietplan. Such
drop-out rate is similar to that (7.5%) previously reported [31], suggesting that, since a
VLCKD is obviously conducted as outpatients, the quality of the health personnel in our
5 clinical facilities was not substantially different from that present in research hospitals.
It is important to emphasize that the maximum reduction of body weight/BMI and of
WC as well as cardiometabolic improvements were achieved after completion of the entire
VLCKD. Thus, it is important to avoid, especially in the real-world setting, the earlier
interruption of such program after phases 1, 2 and 3, which sometimes happens due to
excessively fast expectations by patients or quicker access to subsequent plastic surgery.
Interestingly, some strategies to improve adherence to VLCKD in the real-world setting
have been recently published [37,38]

This study has some limitations. A control group undergoing standard of care treat-
ment (i.e., a low-calorie balanced diet) was not included, which does not allow one to
compare this approach to the VLCKD one, when referring, for example, to CVD risk
reduction. In this regard, a study reporting the comparison between VLCKD and stan-
dard low-calorie diet in the treatment of obesity in a hospital setting [39] showed that,
over a 12-month timeframe, the VLCKD intervention was associated with much greater
improvement of anthropometric parameters.

Moreover, no body composition assessment or indirect calorimetry could be conducted
and no blinding was possible, nor was the compilation of a food diary was achievable. In
addition, only three blood samplings were performed, along with the five visits, without
the possibility to collect and store additional serum samples for additional experimental
determinations (i.e., adipokines and pro-inflammatory cytokines). This precluded the
opportunity for a more detailed cardiometabolic study, for example, evaluating the leptin:
adiponectin ratio, which is markedly reduced by loss of adipose mass and has been shown
to predict carotid intima-media thickness in males [40] or of circulating ghrelin levels [19,41].
Importantly, men and non-Caucasian subjects could not be included in this study since
both are not referring in a relevant way to clinical practice for VLCKD in Italy.

The findings of this study on a multi-center VLCKD program conducted in a real-
world setting in a cohort of women with overweight or obesity indicate that it is safe
and effective since it results in a major improvement of cardiometabolic parameters, thus
leading to benefits that span well beyond the mere body weight/abdominal adiposity
reduction, as they lead to a decreased primary CVD and metabolic risk. Our data cannot
however be directly extended to women with severe obesity (BMI > 37 kg/m2) and relevant
organ complication or failure, or to the male sex, which should be the focus of specific
studies. Future developments in the practical application of VLCKD, especially in real-
world clinics, may include the evaluation of genomic determinants of responsiveness to
VLCKD and their clinical implementation following rigorous frameworks for gene variant
interpretation [34].
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Abstract: The decades-long dietary experiment embodied in the Dietary Guidelines for Americans
(DGA) focused on limiting fat, especially saturated fat, and higher carbohydrate intake has coincided
with rapidly escalating epidemics of obesity and type 2 diabetes (T2D) that are contributing to the
progression of cardiovascular disease (CVD) and other diet-related chronic diseases. Moreover, the
lack of flexibility in the DGA as it pertains to low carbohydrate approaches does not align with the
contemporary trend toward precision nutrition. We argue that personalizing the level of dietary
carbohydrate should be a high priority based on evidence that Americans have a wide spectrum of
metabolic variability in their tolerance to high carbohydrate loads. Obesity, metabolic syndrome,
and T2D are conditions strongly associated with insulin resistance, a condition exacerbated by in-
creased dietary carbohydrate and improved by restricting carbohydrate. Low-carbohydrate diets are
grounded across the time-span of human evolution, have well-established biochemical principles, and
are now supported by multiple clinical trials in humans that demonstrate consistent improvements
in multiple established risk factors associated with insulin resistance and cardiovascular disease.
The American Diabetes Association (ADA) recently recognized a low carbohydrate eating pattern
as an effective approach for patients with diabetes. Despite this evidence base, low-carbohydrate
diets are not reflected in the DGA. As the DGA Dietary Patterns have not been demonstrated to be
universally effective in addressing the needs of many Americans and recognizing the lack of widely
available treatments for obesity, metabolic syndrome, and T2D that are safe, effective, and sustainable,
the argument for an alternative, low-carbohydrate Dietary Pattern is all the more compelling.

Keywords: low-carbohydrate; diets; high-fat; insulin resistance; obesity; type-2 diabetes; dietary
guidelines; eating patterns
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1. Introduction: The Current 2020 Dietary Guidelines Need Greater Flexibility

The current 2020-2025 Dietary Guidelines for Americans (DGA) recommends “Dietary
Patterns” that provide little flexibility in the distribution of fat, protein, and carbohydrate.
Relying on the “Acceptable Macronutrient Distribution Ranges (AMDR),” as defined by the
National Academies, the 2020 DGA allows dietary fat to range from 20% to 35% of calories,
and carbohydrate, from 45% to 65% [1]. Even more narrow ranges, modeled by the expert
advisory committee for the DGA, show the government’s recommended Dietary Patterns
to be 29–32% fat and 51–54% carbohydrate, as a percent of total energy [2]. It is unclear
which standard will drive the federal government’s food and nutrition programs, but
either can be considered relatively low in fat and high in carbohydrates, compared to the
average American diet before the implementation of the DGA in 1980 [3]. In addition, the
quality of carbohydrate consumed today is poor, with higher intakes of high-glycemic index
carbohydrates including processed grains and simple sugars (e.g., high fructose corn syrup).
These are narrow recommendations relative to the much broader range of carbohydrate
consumed throughout human evolution [4], and the past or current DGA macronutrient
recommendations clearly do not encompass a low-carbohydrate eating pattern.

Despite the AMDRs, carbohydrate is not an essential dietary macronutrient as there is
no minimum requirement that prevents deficiency symptoms [5]. Over half of Americans
have a diet-related chronic disease with some degree of insulin resistance involving carbo-
hydrate intolerance [6,7], and thus many could benefit from limiting carbohydrate intake.
Because accurate quantification of nutrient intake in most human studies is lacking, we do
not emphasize comparisons among different low-carbohydrate diets in this review. Our
central point is that an alternative eating pattern, characterized by lower carbohydrate and
higher fat intake than is recommended by the 2020 Dietary Guidelines, is supported by a
substantial body of evidence.

2. Low-Carbohydrate Diets Defined

There are no formal or universally accepted definitions for low-carbohydrate diets,
although as the name implies, the key feature is a reduction in carbohydrate in the diet.
Since variations in caloric intake significantly influence the percent of calories derived from
carbohydrate at any given carbohydrate intake, it is preferred to define low-carbohydrate
diets by their absolute content in grams. Currently, the U.S. Dietary Guidelines advise [8],
and Americans typically consume, more than half of total calories derived from carbohy-
drate. Based on average caloric consumption data, this corresponds to a daily carbohydrate
intake of more than 300 grams for men per day and 200 grams for women [9]. The National
Academy of Sciences recommends a daily allowance (RDA) for carbohydrate of 130 grams.
This carbohydrate requirement is presumably based on the minimum amount required
to provide the brain with an adequate supply of glucose, although this rationale does not
have a physiological basis, given that humans can make glucose from non-carbohydrate
sources and that the brain can use alternative fuels like ketones. Nevertheless, these
numbers provide context for determining a reasonable place to start in terms of defining
low-carbohydrate diets. In alignment with others [10], we suggest that a definition of
a low-carbohydrate diet is one consisting of fewer than 130 grams per day. This level
of carbohydrate is a general threshold for purposes of broadly defining diets and does
not necessarily reflect the wide variation in response to carbohydrate at the individual
level. Because low-carbohydrate diets generally consist of no more than 130 grams per day
(520 kcals) and moderate protein, the majority of other calories are derived from dietary
fat. Thus, low-carbohydrate diets are often referred to as low-carbohydrate and high-
fat (LCHF).

Ketogenic diets (KD) are a subset of low-carbohydrate diets that usually consist of less
than 50 grams carbohydrate per day with adequate but not excessive protein, and varying
amounts of fat depending on the intended body weight goals. Energy content of KD can
fluctuate from very low-calorie (e.g., semi-starvation, <800 kcal/day) to mildly hypocaloric
to eucaloric diets [11]. Ketogenic diets aim to increase the production of ketones, in order
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to achieve a state of ‘nutritional ketosis.’ In nutritional ketosis, fatty acids and ketones
rather than glucose become the body’s primary sources of fuel. In the keto-adapted state,
the liver typically consumes 50–75 grams of fat to produce and secrete 100–150 grams of
ketones per day. In effect, fat-derived metabolites replace carbohydrates as a fuel source.
Typical mixed diets (non low-carbohydrate diets) are associated with a low level of blood
ketones, typically less than 0.2 mM [12,13]. By contrast, nutritional ketosis starts at a
blood level of beta-hydroxybutyrate (the predominant circulating ‘ketone’) of 0.5 mM and
extends up to 5 mM [12,13]. Carbohydrate, and to a lesser extent protein, both inhibit
liver production of ketones. The amount of carbohydrate that can be consumed while still
promoting nutritional ketosis varies from person to person, but a general range is 20–50
grams per day, assuming protein is not consumed in excess. Thus, ketogenic diets are very
low in carbohydrate and moderate/adequate in protein, translating into a carbohydrate
level less than 50 grams per day and a protein level between 1.2 to 2.0 grams per kilogram
of adjusted body weight.

As defined by carbohydrate content, low-carbohydrate eating patterns could encom-
pass approaches that vary widely in both total calories and protein and fat, which affects
the percentage of macronutrients. Thus, it is preferred to define low-carbohydrate diets
based on absolute amount of carbohydrate.

3. Unintended Consequences of the DGA: The Obesity and Type 2 Diabetes Epidemic

Since the first DGA was released 40 years ago, there has been a consistent emphasis
on limiting fat, especially saturated fat, and replacement of much of those calories with
carbohydrate or polyunsaturated fat. Consequently, and over time, there has been an
increase in the absolute intake of carbohydrate, resulting in a dietary pattern temporally
associated with the marked rise in obesity, insulin resistance and type 2 diabetes (T2D) [3]
as well as an increase in total mortality across multiple countries [14]. Today, more than
two-thirds of American adults are overweight or obese [6], one-half have either prediabetes
or T2D [7], and the numbers continue to rise. The economic burden of diabetes exceeds $300
billion per year [15]. Despite billions of dollars in investments by the private and public
sectors, traditional drug and lifestyle treatments have had limited success in curtailing the
obesity and diabetes epidemics.

Indeed, excessive intake of carbohydrate was acknowledged and foreseen by previ-
ous Dietary Guidelines Advisory Committees (DGAC). The 2000 committee expressed
concern that the government’s low-fat advice “could engender an overconsumption of
total calories in the form of carbohydrates, resulting in the adverse metabolic consequences
of high-carbohydrate diets,” adding, “Further, the possibility that overconsumption of
carbohydrates may contribute to obesity cannot be ignored.” [16]. In 2015, the DGA
Report explained that dietary advice should not emphasize reducing total fat, because
low-fat/high carbohydrate “diets are generally associated with dyslipidemia (hypertriglyc-
eridemia and low HDL-C concentrations” [17], which are indicators of increased risk for
cardiovascular disease [18,19]. For this reason, the 2015 DGAC Vice Chair noted that “
. . . there is no conventional message to recommend low-fat diets” [20]. However, despite
removing the “low-fat” language from the 2015 and 2020 DGA, the current advice to
consume between 20% and 35% of calories as fat is almost exactly the traditional low-fat
diet, as commonly defined in the scientific literature [21].

One conclusion from this 4-decade long national experiment driven by the DGA
is that the one-size-fits-all public health approach that encouraged people to eat less fat
resulted in many Americans replacing fat calories with a greater amount of carbohydrate [3].
According to government data, since 1965, Americans have decreased fat intake by 25%
and increased carbohydrates by 30%, expressed as percent of total energy [3]. Coupled
with the fact that many Americans are insulin resistant, it is not surprising that only a small
subset of the population has maintained metabolic health in the context of the current,
de-facto low-fat dietary guidelines [22].
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4. The Role of Carbohydrate in the Obesity and T2D Epidemics

Since fat is the most calorically dense macronutrient and excess body fat is the hallmark
of obesity, low-fat and low-calorie diets have been the cornerstones of recommendations
to manage both the obesity and T2D epidemics. By contrast, an alternative hypothesis
is that the epidemics of obesity and T2D are driven by a systemic metabolic distortion
of fuel partitioning as a result of overconsumption of sugars and starches, the two major
categories of carbohydrate providing calories in the human diet.

Metabolically, when dietary carbohydrate is replaced by fat, blood glucose and insulin
do not increase as much after meals, facilitating a person’s metabolism to rely to a greater
degree on fat for fuel. By contrast, carbohydrate intake is the most potent stimulant of
the secretion of insulin, a lipogenic and anti-lipolytic hormone that promotes fat storage
and strongly inhibits a person’s ability to mobilize and oxidize body fat. More specifically,
insulin inhibits adipose tissue lipolysis and fatty acid oxidation – with effects that are
both potent and immediate [23]. Over time, high carbohydrate consumption above a
person’s tolerance overwhelms the body’s compensatory capacity to respond to persistent
over-signaling from insulin, and, this, coupled with insulin’s role in the development of
excess adiposity, can lead to a condition called insulin resistance. This further potentiates
hyperinsulinemia, which is strongly linked to metabolic syndrome pathogenesis and a
higher risk for cardiovascular disease [24].

In addition to the effects of chronic hyperinsulinemia on fat production and metabolic
syndrome, the intake of added sugars containing fructose has also been shown to induce
features of metabolic syndrome [25]. Fructose appears to be relatively powerful in its
effects in this regard, likely related to its effect on energy levels in the liver and brain [26].
Experimental studies also suggest that a high glycemic response to carbohydrates may
promote fat production by stimulation of insulin, and also by production of fructose via
the polyol pathway, which then stimulates fat synthesis and accumulation [27].

These observations point to a role of high-carbohydrate intake, especially fructose,
in the development of obesity, metabolic syndrome, and T2D. In support of this view, a
burgeoning body of scientific evidence demonstrates that metabolic improvements are
intimately connected with carbohydrate restriction [28,29]. Embracing this perspective that
excessive carbohydrate intake is a fundamental driver of our obesity and T2D epidemics
would represent a break from the DGA to date, yet it would allow for greater therapeutic
flexibility, as people could personalize carbohydrate restriction each according to one’s
metabolic needs.

5. Obesity and T2D Are Conditions Strongly Associated with Insulin Resistance

Clinically, insulin resistance (IR) refers to a state in which a given concentration of
insulin is associated with a suboptimal response [30]. Conditions highly associated with
IR (e.g., metabolic syndrome, pre-diabetes, T2D) are identified by some combination of
hyperglycemia and hyperinsulinemia. The molecular details are complex and diverse, but
we know that most features can be triggered by the over-consumption of carbohydrate
beyond the person’s capacity to use it for energy, and reversed by carbohydrate restric-
tion [28,29], even before significant weight loss [31,32]. In this model, IR is correlated with,
but not caused by, obesity.

Insulin resistance is the primary feature underlying T2D that exists across a continuum
in the general population. Insulin action in cells is disrupted to varying extents, which can
cause a wide spectrum of signs and symptoms such as increased weight/adiposity, high
blood pressure, high blood glucose, excessive circulating insulin, chronic inflammation,
and dyslipidemia. A primary feature of IR is an impaired ability of muscle cells to take
up circulating glucose, which manifests as persistently high blood glucose. The ability of
insulin to suppress hepatic glucose production may also be impaired, further contributing
to high blood glucose. Since the majority of dietary carbohydrate appears in the blood as
glucose, it is apparent that individuals with IR have a fundamental problem metabolizing
dietary carbohydrate. In response to an inadequate ability to clear glucose from the blood,



Nutrients 2021, 13, 3299 5 of 23

a person with IR will divert a greater proportion of dietary carbohydrate to the liver, where
much of it is converted to fat (i.e., de novo lipogenesis), as opposed to being oxidized for
energy in skeletal muscle [33]. This greater conversion of dietary carbohydrate into fat,
much of it entering the circulation as saturated fat [34], is an early metabolic abnormality
that contributes to atherogenic dyslipidemia (i.e., high triglycerides, low HDL-C, and a
predominance of small LDL particles), an atherogenic pattern that increases cardiovascular
risk [18,19,35].

As a general phenomenon, increasing carbohydrate intake is a driver that moves peo-
ple toward an IR phenotype, whereas decreasing carbohydrate intake promotes metabolic
health (Figure 1). In other words, the IR and insulin sensitive phenotypes are the op-
posite ends of a continuum whose expression is primarily driven by an increased or
decreased carbohydrate intake, respectively. The thresholds of carbohydrate intake that
move a person up or down this continuum of metabolic health may vary by genetic factors
and may be modulated by age, lifestyle (e.g., exercise, carbohydrate quality, stress, sleep
quantity/quality, etc.), and potentially gender, although there are few rigorous studies
examining gender differences. Such a model fits with the growing body of evidence
supporting low-carbohydrate diets as an effective tool to manage multiple metabolic im-
pairments attributed to IR [28,29,31,32]. In fact, a very low-carbohydrate eating plan was
the only successful therapy for T2D before insulin and other therapies became available [36].
Viewed through this lens, a large percentage of Americans may be metabolically positioned
to benefit from a low-carbohydrate diet. Although individuals with IR may be expected
to exhibit greater metabolic improvement, people across the insulin sensitivity spectrum
respond favorably to a low-carbohydrate eating pattern [37–40].
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Figure 1. Expression of an insulin resistant or sensitive phenotype is a continuum that is strongly
influenced by carbohydrate intake, with modulation based on genetic predisposition, age, and
lifestyle choices.

Determining if a person is IR or carbohydrate intolerant and a good candidate for a low-
carbohydrate or KD could be based on a number of observations and clinical tests. These
measures can also be used to track progress over time. Standard clinical indicators of IR may
include fasting glucose and insulin to calculate HOMA-IR, a glucose tolerance test including
measures of insulin, or a diagnosis of prediabetes or type 2 diabetes based on fasting
glucose or HbA1c. Other signs/symptoms of consuming carbohydrate at levels above an
individual’s tolerance include weight gain (especially in the mid-section), dyslipidemia
(high triglycerides, low HDL-C), poor success with low-fat diets, wide fluctuations in blood
glucose after carbohydrate intake, and low energy levels during the day.

6. Scientific Support for a Low-Carbohydrate Diet Option in the DGA

Low-carbohydrate diets have a long record of safe use. From a historical perspec-
tive, aboriginal hunting, fishing, and herding cultures survived for millennia with little
available dietary carbohydrate [41–43]. A KD has been successfully used for 100 years
in the treatment of epilepsy and diabetes [36,44–46], but this historical record of safe and
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therapeutic use has been overshadowed during the last half century by the introduction of
pharmacologic management of these conditions as well as concerns regarding the intake of
saturated fat at high levels. Quality long-term studies addressing safety and efficacy of
very low-carbohydrate diets are lacking. However, aboriginal cultures such as the Inuit,
Maasai, and Native Americans who had limited access to dietary carbohydrate maintained
good health [41–43]. Two Arctic explorers who lived among the pre-contact Intuit in the
Arctic were sequestered in a metabolic ward and then closely monitored as outpatients for
a total of 12 months each [42]. Throughout this period, they ate a meticulously analyzed
diet (15% protein, 80% fat, and <5% carbohydrate) patterned after that of the Inuit, and
both maintained their health and function for the duration of the study.

The metabolic and hormonal responses to a low-carbohydrate diet are associated with
less oxidative stress and inflammatory responses after meals [12,47] as well as improve-
ments in the features of IR and the metabolic syndrome [28,29,31,32]. These beneficial
effects tend to increase in tandem with increased carbohydrate restriction. Evidence
suggests that a KD may have unique therapeutic effects, owing in part to the increased
endogenous production and availability of ketones which serve as both an alternative fuel
and signaling molecule with wide-ranging health-promoting effects [48,49]. An increasing
number of studies are now examining the basic science of ketones and their potential
application across many indications (e.g., cancer, heart disease, neurological diseases, etc.).
Ketones affect gene expression and pathways regulating inflammation, oxidative stress,
immune function, membrane health, cell signaling, and antioxidant status [48–50].

Many different types of low-carbohydrate diets have been studied varying in total
calories, the quantity and quality of carbohydrate, protein, and fat prescribed, as well as
the level of education/support provided and adherence rates. For purposes of reviewing
the published literature, the studies reviewed for this article share the common theme of
aspiring to be carbohydrate restricted, generally targeting <130 grams of carbohydrate per
day. Included among these studies are those intended to represent KD, which for most
people require restricting carbohydrate to 30–50 g/day and, which may or may not have
been verified by an objective measure of nutritional ketosis. As reviewed below, despite
variability across studies in the formulation and implementation of diet interventions,
a clear theme emerges — compared to low-fat diets, low-carbohydrate eating patterns
result in equal or superior weight loss as well as the improvement of multiple established
risk factors associated with IR and CVD [28,29,51]. Moreover, there may be unique, ad-
ditional outcomes associated with KD including the superior benefits attributed to the
increased availability of ketones that act both as a preferred fuel and a beneficial signaling
molecule [48–50].

6.1. Obesity

While there is a body of literature examining the use of very low-calorie or semi-
starvation KD (<800 kcal/day) in the medical treatment of obesity [11,52,53], the majority
of more recent studies have involved mild caloric restriction. Several systematic reviews
and meta-analyses have concluded that low-carbohydrate diets are at least as effective as
low-fat diets for weight loss, and often more so [51,54–58]. Individuals who are insulin
sensitive tend to respond well to either low-fat or low-carbohydrate diets, but those with
insulin resistance tend to lose significantly more weight on the latter [59,60]. It is generally
agreed that the primary driver of weight loss during a KD is greater satiety, resulting in a
spontaneous reduction in calories [13,38,61–63]. Caloric restriction may be more sustainable
on a low-carbohydrate diet because the lower insulin level and enhanced use of body fat for
energy (including fatty acids and their derivatives, ketones) ensures increased mobilization
of fat out of the fat tissues [23]. This results not only in weight loss but also more stable
and efficient fuel delivery throughout the body, especially to the brain and the heart, and
reduction in the wide excursions in blood glucose [64]. By contrast, low-fat diets usually
require intentional caloric restriction as part of the dietary plan.
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There is some initial water loss including reduced extra-vascular volume associated
with the KD that contributes to rapid weight loss [65]. This loss of water is an expected
positive outcome due primarily to the natural excretion of sodium (natriuresis) and fluid
(diuresis) that occurs when insulin is reduced [66], which likely contributes to the blood
pressure lowering effect of this eating pattern. Additional water is lost from metabolism of
both intracellular glycogen (~3 grams of water is stored with each gram of glycogen) and
fat, which can account for 2–3 kg weight loss during the first few weeks of a KD [65,67].

Whether weight loss is derived from fat-free mass or fat mass is important, as these
have differing relationships to health [68]. Studies lasting beyond a few weeks that have
measured body composition show a similar or greater loss of body fat in subjects on a
low-carbohydrate diet compared to those on a low-fat diet [69–72]. Ketogenic diets also
result in decreased visceral fat [38], which is highly associated with IR and metabolic
impairment. In trials of very low-carbohydrate diets in adults with T2D, lean mass is
preserved, and abdominal fat mass is reduced [73,74].

In the context of very low-calorie semi-starvation KD, a few studies have reported
less protein sparing attributed to the KD [75,76], which could translate into a greater loss
of lean mass over time. However, these studies [75,76] did not provide adequate protein
and/or mineral replacement (sodium and potassium) [77]. Failure to compensate for
the natriuretic effect of low-carbohydrate diets can lead to a general stress response (e.g.,
increased aldosterone, cortisol, catecholamine secretion), which may result in mineral
imbalances (i.e., negative potassium balance) that adversely affect maintenance of lean
tissue. A positive nitrogen balance on a KD, whether fed at a very low-calorie [78,79] or
eucaloric [80] energy level, is achieved by ensuring adequate protein (i.e., ~1.2–2.0 g/kg
ideal body weight) and minerals (see Section 7).

This success of very low-carbohydrate eating patterns for achieving weight loss
and favorable body composition stands in contrast to several large trials, funded by the
National Institutes of Health, which demonstrated that weight loss on a low-fat diet is
limited [81]. For perhaps this reason, the 2020 DGAC decided to exclude all studies
on weight loss [82], despite widespread acknowledgment that weight reduction among
overweight and particularly among obese individuals is crucial for both primary and
secondary prevention of chronic disease [83]. Furthermore, the DGA itself has long held,
as one of its three primary goals, the objective of helping Americans “reach and maintain
a healthy weight,” [84] and the 2010 Dietary Guidelines stated, “[p]rimary prevention
of obesity and related risk factors is the single most powerful public health approach to
reversing America’s obesity epidemic over the long term.” [85].

Many long-term studies have shown no differences between low-carbohydrate and
low-fat diet interventions after 1–2 years [86–90]. While it is tempting to conclude from
these studies that the type of calories does not matter, these studies were associated
with poor long-term dietary adherence and high attrition rates. Low-carbohydrate diet
participants were allowed to increase their carbohydrate consumption as the trials pro-
gressed, making it likely that this reintroduction of carbohydrate blunted the benefits of
carbohydrate restriction and led to weight regain. Despite similar weight loss among the
comparison diets, the low-carbohydrate diets nevertheless consistently resulted in greater
improvements in cardiometabolic risk markers [51,57].

6.2. Metabolic Syndrome

Metabolic syndrome is diagnosed when a person has at least three of the following
physiologic signs: high triglycerides, low HDL-cholesterol, high fasting plasma glucose,
high blood pressure, and high waist circumference [91]. Metabolic syndrome indicates a
predisposition to T2D and cardiovascular disease. The condition has increased in parallel
with higher carbohydrate intake over the last four decades, such that more than one in three
American adults are now affected [92] and just one in eight Americans are metabolically
healthy, where “healthy” is defined as having all five of these cardiometabolic risk markers
in a normal range [22].
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Dietary carbohydrate is a direct source of elevated blood glucose, which is the pri-
mary driver of insulin secretion. Therefore, low-carbohydrate diets naturally lead to
fewer fluctuations in blood glucose and more stable insulin levels as evidenced in stud-
ies of individuals with T2D [74,93]. Consistent with the idea that a relative intolerance
to carbohydrate is a common underlying feature of metabolic syndrome, clinical trials
have shown that reductions in dietary carbohydrate, even without significant weight
loss [31,32], result in improvements in the vast majority of cardiovascular and metabolic
risk factors [28,29,51,56,57].

For example, outpatients with metabolic syndrome randomized to a 12-week KD lost more
weight, total fat and abdominal fat compared to a matched group consuming a traditional
low-fat, energy-restricted diet [12,13]. Patients consuming the KD also showed decreased
serum triglycerides, increased HDL-C, decreased inflammatory markers and improved fatty
acid composition profiles including lower circulating levels of saturated fat [12,13]. These
experimental results point to the KD as a uniquely effective solution for addressing metabolic
syndrome, with clear advantages over pharmaceutical approaches involving multiple drugs,
often with significant cost and potentially harmful side effects [28,29].

6.3. Type 2 Diabetes (T2D)

A low-carbohydrate diet may provide exceptional benefits for T2D, which is essen-
tially a disease of abnormal carbohydrate intolerance that affects more than 30 million
Americans [7]. Even more alarming is the fact that 3-times that many people, or approx-
imately 88 million U.S. adults, have prediabetes [7], that if left unchecked, can progress
to T2D. Ketogenic diets were the treatment of choice for diabetes prior to the discovery of
insulin in the early 1920s [36]. Insulin has been lifesaving for patients with type 1 diabetes.
However, the use of insulin came at a high cost of weight gain as a side effect in patients
with T2D, yet by the 1980s, this treatment, along with a low-fat, high-carbohydrate diet,
had become the standard of care. Recently, the American Diabetes Association (ADA) has
updated its nutrition recommendations to allow for more flexibility. Starting with their
2019 standards of care for patients with diabetes, the ADA stated that “Low-carbohydrate
eating patterns, especially very low-carbohydrate (VLC) eating patterns, have been shown
to reduce A1C and the need for antihyperglycemic medications. These eating patterns are
among the most studied eating patterns for type 2 diabetes.” [94,95]

Low-carbohydrate and KDs have therefore re-emerged as a scientifically validated
dietary pattern for individuals with T2D. In fact, there is good evidence supporting the use
of low-carbohydrate diets as the first-line approach to treating T2D and as the most effective
co-therapy with insulin in type 1 diabetes, partly because carbohydrate restriction decreases
the requirement for insulin, and therefore the multiple adverse effects of insulin [10].

Individuals with prediabetes and T2D have greater intraday glycemic variability [96],
which may exacerbate oxidative stress and vascular endothelial damage [97]. In people
with T2D, glycemic variability has been tied to a higher risk of renal disease, macrovascular
events, ulceration/gangrene, cardiovascular disease, and mortality [98]. Given the primary
effect of carbohydrate on insulin secretion, it is not surprising that very low-carbohydrate
diets are related to lower glycemic variability in people with type 1 diabetes [99,100] and
T2D [64,74,93,101], which at a basic level enables many of the positive responses observed
in clinical trials.

Several well-controlled studies have evaluated the response of groups with T2D to
low-carbohydrate and KDs over short- and long-term periods. After just 2-weeks of a low-
carbohydrate diet in an inpatient setting, ten obese individuals with T2D demonstrated
dramatic reductions in blood glucose and insulin levels, along with improved insulin
sensitivity, and dyslipidemia [31]. Similar results have been reported over longer periods in
outpatients [63,102–106]. For example, 363 pre-diabetic and diabetic subjects were offered
either a standard low-fat/low-calorie diet or a KD for 6 months [106]. Weight loss and
blood lipid changes were significantly better in the group receiving the KD.
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An even longer study on 262 adults with T2D who received telemedicine counseling
on a KD by a health coach and physician-guided medication management team demon-
strated that over half of the participants reversed their T2D after 1 year [104], where T2D
reversal was defined as having a HbA1c below 6.5% while taking no diabetes medication
or only metformin. Subjects also successfully reduced body weight, by an average of
12%, improved most of their cardiovascular risk factors, and 94% of subjects eliminated
or reduced use of insulin medication [104,107]. The majority of participants in this trial
have remained engaged in the program with patient retention of 83% at 1-year and 74%
at 2-years [61]. In a similar longitudinal study using this telemedicine approach over
2-years, 96 patients with pre-diabetes experienced a 52% reversal of their pre-diabetes
diagnoses [63].

Improvements in diabetes outcomes with KD are also associated with decreased
healthcare costs. A large survey of adults following a low-carbohydrate eating pattern
reported reductions in the need for medications related to glycemic control, hypertension,
pain, depression, anxiety, and sleep, with 25% reporting lower medication costs [108]. In a
retrospective examination of 67 insulin-dependent adults with T2D at one year, 40% were
able to discontinue their long-acting insulin, and 88% were able to reduce their short-acting
insulin These reductions were calculated to save more than $6,500 a year in insulin per
patient [109]. In a 9000-patient primary care practice in the United Kingdom that prescribes
the KD, the cost for glycemic-control medications was the lowest cost-per-patient among
the other 19 medical practices in the area [110]. After 1-year in adults with T2D, glycemic
control medications were reduced more in the very low-carbohydrate diet group compared
to the moderate-carbohydrate or the usual care group [104,106].

These multiple trials from diverse groups have revealed that contrary to the conven-
tional wisdom, T2D may not, in fact, be a chronic progressive disease. A T2D diagnosis
can safely be reversed in many people using a very low-carbohydrate eating pattern, often
while discontinuing insulin and other glucose-lowering medications. These findings were
confirmed in a recent meta-analysis [111].

6.4. Cardiovascular Disease (CVD)

A substantial body of published work over the past 20 years has documented that low-
carbohydrate diets induce favorable changes in cholesterol and other CVD risk markers,
especially the cluster of abnormal risk factors associated with the IR phenotype, including
high triglycerides, low HDL-cholesterol, increased small, dense LDL particles, high blood
sugar, hyperinsulinemia, hypertension, and chronic inflammation [12,13,28,29,56,57,112].

For example, in a randomized, parallel trial comparing the effects of a low-carbohydrate
diet to a low-fat diet in obese adults, the low-carbohydrate diet after 1-year resulted in
greater weight and fat loss, a larger increase in HDL-cholesterol, and greater decreases
in triglycerides and C-reactive protein as well as other markers of inflammation and
endothelial dysfunction [113,114]. In another trial comparing a calorie-unrestricted low-
carbohydrate diet to a reduced-calorie, low-fat diet in obese individuals with metabolic
syndrome, the low-carbohydrate KD diet after 3-months resulted in a significant reduc-
tion in fasting and postprandial triglycerides, increased HDL-cholesterol, decreased small
LDL particles, decreased glucose and insulin, improved vascular functioning as assessed
by flow-mediated dilation of the brachial artery, decreased circulating saturated fatty
acids, and lower concentrations of several pro-inflammatory meditators [12,64,115]. After
1-year, a group of participants with T2D following a KD showed a small increase in LDL-
cholesterol (LDL-C), but robust improvement in the vast majority of CVD risk markers
including decreases in triglycerides, small LDL particles, blood pressure, antihypertensive
medications, C-reactive protein, white blood cell count, and the 10-year atherosclerotic
cardiovascular risk score [107].

These examples are further supported by results from a meta-analysis concluding that
low-carbohydrate diets significantly lowered the predicted risk of developing atheroscle-
rotic CVD [57]. Although decreased body mass often accompanies low-carbohydrate diets,
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the broad-spectrum effects of low-carbohydrate diets on these CVD risk factors, includ-
ing significant improvement in insulin sensitivity [31], are mostly independent of weight
loss [31,32,40,115–117].

Chronic exposure to high levels of circulating insulin is a significant risk factor for
CVD [118]. In non-diabetic adults, higher fasting and postprandial blood glucose and
insulin are associated with substantially higher risk for CVD [119,120]. Reducing dietary
carbohydrate, which is the primary driver of both blood glucose and insulin secretion,
directly targets these problems. According to a meta-analysis that studied the relationship
between insulin and CVD mortality in people without diabetes, those with the highest
degree of IR compared to the lowest had a higher risk of CVD mortality [121]. Given the
clear advantage of a low-carbohydrate diet in lowering circulating insulin throughout the
day, these findings underscore the diet’s potential for reducing risk of CVD.

It is notable that LDL-C increases on average in response to a low-carbohydrate diet,
although the effect is quite variable [122]. While the LDL-C concentration may either
increase or decrease in different individuals depending on mostly unknown factors, a low-
carbohydrate diet consistently shifts the LDL sub-fraction pattern to a less atherogenic
profile, characterized by fewer small LDL particles [12,32,39,40,107,117,123,124]. This fa-
vorable shift happens even in the setting of high LDL-C concentrations as demonstrated in
highly insulin sensitive elite athletes [37]. The isolated increase in LDL-C observed in some
individuals consuming a low-carbohydrate diet needs to be understood in the broader
context of improvements in multiple other well-established CVD risk factors. Furthermore,
LDL-C, when lowered by a low-fat diet, has not been shown to have the same beneficial
effect as lowering LDL-C with medications [125,126].

In the context of low-carbohydrate/high-fat diets, saturated fat is typically consumed
in higher amounts, yet multiple studies have reported that circulating levels of saturated
fatty acids stay the same or even decrease [12,13,32,124,127–129]. The primary reason for
this phenomenon is that increased dietary saturated fat does not accumulate in the body
even when intake is as much as 3-fold higher, due to the fact that metabolic adaptation to
low-carbohydrate diets dramatically increases oxidation of these fatty acids [13,130] while
at the same time decreasing hepatic production of saturated fatty acids from carbohydrate
(i.e., de novo lipogenesis) [33,131].

Lower levels of circulating saturated fatty acids have relevance to CVD risk, be-
cause longitudinal studies consistently show that people with higher levels of circulating
saturated fatty acids are at increased risk for developing metabolic syndrome [132], dia-
betes [133–135], heart failure [136], and mortality [137]. The observations that excessive
circulating saturated fatty acids are a significant risk factor are consistent with in vitro
and animal studies linking saturated fat to pro-inflammatory effects [138]. Saturated fat
from dairy products, however, has no impact on metabolic or cardiovascular parameters
in patients with T2D. In a recent randomized clinical trial, high-fat dairy food has similar
impact on A1C, lipid profile, body weight and blood pressure in patients with T2D in
comparison to low-fat dairy when total caloric consumption per day is equated [139].

High-carbohydrate, low-fat diets have been shown to be more likely to increase not
only circulating saturated fatty acids but also the monounsaturated fatty acid palmitoleic
acid (cis-16:1n7), which is also a product of de novo lipogenesis [34]. There is a remarkable
stepwise uniformity in the response of circulating palmitoleic acid in response to varying
carbohydrate intakes [13,32,124]. Likewise, palmitoleic acid consistently decreases when
carbohydrates are restricted, especially on a KD [13,32,124]. Palmitoleic acid is therefore
a useful proxy for the metabolic pathway that converts carbohydrate to fat. High palmi-
toleic acid in the blood or in tissue membranes is strongly linked to a host of metabolic
derangements including obesity and metabolic syndrome [132,140], T2D [135,141,142],
heart failure [136,143], and CVD mortality [137,144].

More than a billion people internationally have hypertension, and uncontrolled or
untreated high blood pressure, which is the strongest risk factor for CVD and stroke [145].
Consistent with other markers of metabolic syndrome, a low-carbohydrate diet consis-
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tently decreases blood pressure in individuals with hypertension [58,104], which is likely
mediated in part by lower circulating insulin levels and the associated natriuretic/diuretic
effect described previously [66].

6.5. Low-Carbohydrate Diets and Mortality Outcomes

Concerns have been raised about the apparent association between low-carbohydrate
diets and increased mortality. A search of Pubmed.gov yielded 14 such papers. Studies
were excluded if there was no clear definition for “low-carbohydrate” [146–148] or if
the paper did not isolate the link between a low-carbohydrate diet and health outcomes
but instead reported on a score that combined intake measures of carbohydrate, fat and
protein [149,150]. One systematic review was also identified, but that paper also did not
report on the isolated link between a “low-carbohydrate” diet and health outcomes [151].
The remaining papers based their findings on cohorts from Japan [152], Sweden [153],
the United Kingdom [154], and the United States [155–160]. In these 9 papers, “low-
carbohydrate,” as a percent of total energy, is defined as follows (listed in order of the
citations in the previous sentence): 53% (Japan), 40% (Sweden), 40.9% (United Kingdom).
37%, 39%, 47.3%, 40%, 37.2%, and 43.2% (United States). None of these numbers falls
within the current definition of a low-carbohydrate diet, which allows for carbohydrates
at 30% of energy or less. Thus, these studies cannot be characterized as representing a
true low-carbohydrate diet, and their conclusions cannot be viewed as relevant to the
low-carbohydrate scientific literature. Interestingly, in the largest study published to
date which included 135,335 individuals across 18 countries, higher carbohydrate intake
was associated with an increased risk of total mortality, although this study too was not
designed to test low-carbohydrate diets [14].

6.6. Qualitative Research

Qualitative and survey research has shown that adults consuming a low-carbohydrate
eating pattern have positive health outcomes such as less hunger, greater energy, and
improved health, but that lack of support from family and physicians can be a barrier
to adherence [161,162]. Qualitative surveys of healthcare providers reveals that many
practitioners have found low-carbohydrate diets to be helpful for their patients and as a
consequence, have changed the way they view and practice healthcare [163].

In summary, an increasing body of scientific evidence indicate that low-carbohydrate
diets are uniquely effective for combating IR, a root cause of obesity, metabolic syndrome,
prediabetes, and T2D that affects well over 100 million Americans [6,7].

7. Principles of Very Low-Carbohydrate (Ketogenic) Diets

There are many different types of low-carbohydrate eating patterns that can vary in the
quantity and quality of macronutrients. In general, a greater degree of IR and carbohydrate
intolerance requires a greater level of carbohydrate restriction to manage this condition
effectively, but the quality as well as the quantity of carbohydrate are both important con-
siderations. Effective management of IR and its multiple manifestations may be improved
by substituting lower quality carbohydrates with higher quality ones. For example, limiting
simple and added sugars, especially fructose, as well as high-glycemic, overly processed,
nutrient-depleted carbohydrate sources in favor of lower glycemic, nutrient-rich, whole
foods (e.g., non-starchy vegetables, legumes) is likely to yield benefits on IR. The glycemic
index is a method of determining the quality of carbohydrate-containing foods based on
the 2-hr postprandial blood glucose response. High-glycemic foods raise blood glucose to
a greater extent than low glycemic index food. The many variations and nuances of diets
containing different amounts and sources of carbohydrate-containing foods are complex
and beyond the scope of this review. However, since educational content specific to low-
carbohydrate diets is absent from nearly all training of healthcare professionals, including
dietitians, we provide a general overview of important considerations in designing the

Pubmed.gov


Nutrients 2021, 13, 3299 12 of 23

most carbohydrate-restricted subset of low-carbohydrate eating patterns (i.e., a KD) aimed
at achieving nutritional ketosis.

The formulation of safe, effective, palatable, and sustainable KD entails relatively
simple adjustments in conventional diets, focused primarily on replacing sugar- and
carbohydrate-dense foods with un-processed, low-carbohydrate/high-fat foods. Proper
formulation of a KD entails restriction of carbohydrate and intake of adequate—but not
high—protein and sufficient minerals to offset the natriuretic effect of ketosis and lower
insulin levels. Counting calories is usually not necessary. Several studies demonstrate that
obese individuals in nutritional ketosis instructed to eat to satiety, with no specific caloric
prescription, spontaneously eat less and achieve sustainable weight loss [13,38,61–63].

8. Macronutrients
8.1. Carbohydrate

Carbohydrate, and to a far lesser extent, protein are the two primary dietary factors
stimulating blood glucose and insulin responses while inhibiting blood ketones. The
amount of time and level of carbohydrate restriction that are needed to normalize blood
sugar and achieve nutritional ketosis vary widely from person to person. Nutritional
ketosis usually requires less than 50 grams per day of carbohydrate but may range from 30
to >70 g/day across individuals [38]. Generally, the more overweight or IR the person at the
start of the diet, the greater degree of carbohydrate restriction is needed to normalize blood
glucose and insulin. The time needed for the body to achieve full metabolic adaptation to a
KD takes at least several weeks if not months [130].

A wide range of nutrient-rich whole foods can be incorporated into KD, including
non-starchy vegetables, meats (beef, chicken, pork, fish, shellfish, lamb), nuts and seeds,
fruit oils (olive, avocado, coconut), cheeses, butter, cream, whole eggs, and small amounts
of fruits (berries, olives, avocado, tomatoes, lemons/limes). Depending on the individual
and the degree of carbohydrate restriction, the approximate daily carbohydrate allotment
in terms of food sources generally breaks down as follows on a KD:

• 5–10 g from protein-based foods. Eggs, cheese, and shellfish will carry a few residual
grams of carbohydrate from natural sources and added marinades and spices.

• 10–15 g from non-starchy vegetables.
• 5–10 g from nuts/seeds. Most nuts contain 5–6 g carb per ounce.
• 5–10 g from fruits such as berries, olives, tomatoes, avocados.
• 5–10 g from miscellaneous sources such as low-carb desserts, high-fat dressings or

drinks with very small amounts of sugar.

8.2. Protein

Consuming too much protein will prevent a person from achieving nutritional ketosis,
while consuming too little protein will adversely affect meal acceptability/satiety and
potentially lead to loss of muscle mass and function. Target protein intakes are typically
between 1.2 and 1.5 g/kg body weight. There is little evidence to support protein intakes
higher than 2.0 g/kg, and such high levels of protein will make it harder to achieve
nutritional ketosis. In the context of a weight maintenance KD, this level of protein is
approximately 15–20% of the individuals’ daily energy expenditure, which is similar to the
current average protein intake in the standard American diet.

In people with excess adiposity, using actual body weight is likely to result in protein
being over-prescribed. In these cases, use of ideal body weight (IBW) or adjusted body
weight is warranted [164,165], although correction formulas are also limited in accuracy
due to individual variations in physical activity, muscle mass, health status, and other
factors influencing protein metabolism and requirements. The World Health Organization
recommends a healthy body mass index (BMI) of 18.5 – 25 g/km2, which can be used to
determine an IBW range for any given height. Adjusted body weight = IBW + [(current
weight – IBW) × 0.25].
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Those who engage in moderate or vigorous activity may benefit from a slight increase
in protein consumption, but the recommended range noted above is more than adequate to
meet the needs of most active individuals with goals of muscle gain. Individuals with T2D
typically lose 8% of their lean muscle mass every decade from age 40 and 15% per decade
from age 70 [166]. Thus, ensuring adequate protein intake is important to offset this loss of
muscle. Resistance training may be considered as a form of activity that helps preserve
and build lean tissue, even in older adults [167].

Based upon published cardio-metabolic health responses to a well-formulated KD,
there is no objective evidence in favor of avoiding animal protein consumed in moderation.
However, individuals who choose a lacto-ovo vegetarian or even a vegan low-carbohydrate
diet can do so successfully. If eggs and dairy proteins are restricted, attention to quality
protein sources to achieve adequate essential amino acid intakes is warranted. And, as
is true for any vegetarian diet that excludes eggs and fish, dietary supplements may be
necessary to cover vitamin B12 and long-chain omega-3 fatty acid requirements.

8.3. Fat

Determining the appropriate amount of fat to eat on a KD is best achieved by encourag-
ing people to eat to satiety. Emphasis should be placed on foods high in monounsaturated
and saturated fatty acids while limiting sources rich in omega-6 polyunsaturated fatty acids
(e.g., seed oils such as soybean, peanut, safflower, sunflower, corn). The primary functions
of dietary fat in the context of a KD is to serve as fuel, add flavor and pleasure to meals, and
to promote satiety. While omega-6 polyunsaturated fats are essential, the amount needed to
meet this requirement is very small. Empirically, concentrated sources of polyunsaturated
fats are not well tolerated at the high levels of fat consumed on KD due to gastro-intestinal
symptoms. By contrast, monounsaturated and saturated fats are optimal fuels and should
comprise most of the fat consumed. As noted previously, while KD that are higher in
saturated fat can lead to increased circulating LDL-C, there is a net benefit on CVD risk
factors in at-risk individuals (e.g., T2D) [28,29,51,56,57]. A minority of individuals, how-
ever, experience a marked increase in LDL-C, and it remains unknown whether this poses
any long-term risk or if these individuals should limit foods with high saturated fatty
acid content (e.g, fatty meats, full fat dairy products). These “hyper-responders” usually
experience other clinical benefits attributed to the KD (e.g., weight loss and improvement in
markers associated with IR). Finally, maintaining a good source of the long-chain omega-3
fatty acids, eicosapentaenoic acid and docosahexaenoic acid, is also important. This can be
achieved by consuming fatty fish (salmon, tuna, sardines, etc.) twice per week.

9. Micronutrients

A well-formulated low-carbohydrate/KD is not associated with micronutrient defi-
ciencies [168]. When composed of unprocessed, natural foods, this diet contains adequate
essential vitamins and minerals achieved through the consumption of a wide variety of
whole foods prepared using appropriate methods to preserve nutrients. Certain medical
conditions or avoidance of specific foods on a KD may necessitate supplementation. Below
is a discussion of some of the most relevant nutrients that may require special attention.

9.1. Sodium and Potassium

Ensuring adequate sodium intake is particularly important because lower insulin and
nutritional ketosis trigger increased excretion of sodium along with fluids. This natriuretic
effect leads to the loss of both sodium and fluid, which, if not replaced, can have side
effects. For many people who achieve nutritional ketosis, losing extra fluids results in
perceived benefits such as rapid weight loss, reduced/eliminated need for diuretic medica-
tion, lessening of edema, and improved blood pressure. However, once the excess fluid
has been cleared, this natriuretic effect of nutritional ketosis persists, causing continued
losses of sodium and reduced blood plasma volume. Consequences can include dizziness,
orthostatic hypotension, fainting, fatigue, constipation, and headaches. Other potential
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consequences are adrenal stress, characterized by increased aldosterone, cortisol, and
epinephrine. Aldosterone acts on the kidneys to increase sodium reabsorption to restore
sodium balance, but in so doing accelerates the loss of potassium. Thus, sodium restriction
on a KD can lead to potassium wasting by the kidneys. Negative potassium balance
manifests as muscle twitches, cramps, irregular heartbeats, neuromuscular dysfunction,
and loss of muscle mass.

Countering these potential side effects simply requires consuming adequate sodium
and potassium. An additional 1–2 grams of sodium is generally needed beyond the
normal consumption of about 3 g/day, for a total of 4–5 g/day for non-hypertensive
individuals [169]. Recent research also indicates that an optimal target for potassium intake
for adults is 4 grams per day [169]. The best sources of potassium are vegetables and
homemade broths. Other good sources are avocados, nuts/seeds, canned salmon, and
unprocessed meats. Intra-cellular potassium is released during cooking, so it is important
not to discard nutrient-rich drippings when preparing meats, and to steam rather than
boil vegetables. Thus, adequate sodium and potassium intake, which can be achieved
though the selection of appropriate food sources and cooking methods, along with careful
monitoring of symptoms, is critical to avoid potential side effects and optimize a person’s
ability to enjoy and continue with a ketogenic eating plan.

While ensuring adequate sodium intake is important, there is also increasing evi-
dence that high salt intake may increase the risk for obesity, hypertension, and metabolic
syndrome [170]. The mechanism appears to be that rising serum osmolality triggers the
production of fructose [170,171]. These negative effects of high sodium intake can be
reversed by hydration [171,172]. A recommendation of six to eight glasses of water a day,
in addition to other fluid intake, is recommended.

9.2. Calcium

The recommended dietary allowance for calcium in adults is 1000–1200 mg/day. The
primary and best source of calcium is dairy foods. Since many dairy foods like milk and
yogurt contain several grams of carbohydrate, the best source of calcium on the KD is
cheese, especially hard cheeses, such as parmesan, cheddar, gouda, and provolone, which
contain virtually no carbohydrate. Green vegetables like broccoli, spinach, and kale also
have calcium but less so than cheese and in a less bioavailable form. Other sources of
calcium on a ketogenic diet include sour cream, tofu, sardines with bones, nuts/seeds, and
home-made broths made from chicken or beef, including the bones. A calcium supplement
is generally not needed on this diet if foods with calcium are consumed, but a supplement
may be considered for people at risk for osteoporosis.

9.3. Magnesium

Magnesium is an essential mineral. Because it is often lost during food processing,
marginal deficiency of this nutrient is not uncommon in the general population. Diuretic
medications and heavy use of alcohol also deplete magnesium. Magnesium has a key
role in muscle and nerve transmission. Since most magnesium is contained within cells,
serum tests for magnesium are of little value. Deficiency can result in muscle twitching
and spasms or cramps, as well as persistently low blood potassium levels. Good sources
of magnesium include dark green vegetables, nuts/seeds, non-processed meats, and
homemade broths. It is important to capture the drippings from meat to retain magnesium.
Magnesium depletion is common in individuals with T2D, in part due to increased urinary
excretion [173]. Because magnesium depletion impairs glucose control [174], it is often
necessary to provide supplemental oral magnesium in combination with KD in order to
optimize T2D reversal.

9.4. Vitamin D

It is increasingly apparent that many people are marginally deficient in vitamin D
based on serum levels of 25-hydroxyvitamin D [175]. This may reflect less sun exposure
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and use of sunscreens, which limit the natural vitamin D synthesis that occurs with sun
exposure. Vitamin D fortified milk is not recommended in appreciable amounts on KD
due to its 50 grams per liter of sugar content. Food sources of vitamin D include fatty fish
such as salmon, egg yolks, and cheese. For people who do not get regular sun exposure, a
vitamin D supplement or use of a multivitamin that includes vitamin D (~1000 IU) may be
necessary to bring serum levels into an acceptable range.

9.5. Fiber

The beneficial effects of fiber are attributed mainly to its ability to slow absorption of
glucose, promote satiety, and contribute to the bacterial production of short-chain fatty
acids, principally butyrate. Butyrate is a preferred energy source of intestinal cells and is
associated with well-documented effects on gut health. However, the need for ample fiber
on a KD is less clear, since the diet inherently decreases postprandial glucose and insulin
while promoting satiety. Low fiber intake would likely result in decreased bacterially
produced butyrate, but KD accelerate endogenous production of beta-hydroxybutyrate
in the liver, estimated to be in the range of 100–150 grams per day during nutritional
ketosis [176]. Ketones are short-chain fatty acids that can function like butyrate as a
preferred energy source and a signaling molecule to promote gut health [177]. From this
perspective, nutritional ketosis may promote gut health. It should be noted that KD are not
devoid of fiber. Inclusion of non-starchy vegetables and 1–2 ounces of nuts/seeds results
in ~15–20 grams of fiber per day, which appears to be sufficient. Controlled studies of fiber
in the context of a KD have not yet been conducted.

10. Summary

Many Americans have varying degrees of IR as evidenced by the high prevalence of
obesity, metabolic syndrome, prediabetes, and T2D, which have all been demonstrated in
a large body of scientific literature to be highly responsive to a low-carbohydrate eating
pattern. A broad range of markers linked with the IR phenotype and associated with
an increased risk of CVD are also improved by a low-carbohydrate approach. The 2020
DGAC stated that its review process did not find any studies of KD and only one study of
low-carbohydrate diets. It appears that unrealistic inclusion criteria for the literature search
resulted in the dismissal of a large and credible body of published research. Furthermore,
while the stated purpose of the 2020 DGA is to provide dietary advice for "healthy"
Americans, the high proportion of Americans with IR makes the case for redefining the
target population of the guidelines to include this majority of Americas who would likely
benefit from the inclusion of a low-carbohydrate dietary option.
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Abstract: Bariatric surgery is currently the most effective method for achieving long-term weight
loss and reducing the risk of comorbidities and mortality in individuals with severe obesity. The pre-
operative diet is an important factor in determining patients’ suitability for surgery, as well as their
post-operative outcomes and success in achieving weight loss. Therefore, the nutritional management
of bariatric patients requires specialized expertise. Very low-calorie diets and intragastric balloon
placement have already been studied and shown to be effective in promoting pre-operative weight
loss. In addition, the very low-calorie ketogenic diet has a well-established role in the treatment of
obesity and type 2 diabetes mellitus, but its potential role as a pre-operative dietary treatment prior
to bariatric surgery has received less attention. Thus, this article will provide a brief overview of
the current evidence on the very low-calorie ketogenic diet as a pre-operative dietary treatment in
patients with obesity who are candidates for bariatric surgery.

Keywords: ketogenic diet; very low-calorie ketogenic diet; obesity; bariatric surgery; nutrition

1. Introduction

Obesity is a growing concern worldwide, with significant health and economic con-
sequences. This chronic condition is associated with increased risk of mortality [1] and a
range of health problems including hypertension, dyslipidaemia, type 2 diabetes mellitus
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(T2DM), cardiovascular disease, and several types of cancers [2]. Bariatric surgery (BS) has
emerged as a definitive treatment for obesity and its related complications [3,4]. In fact,
BS is the most effective treatment for patients with severe obesity in terms of permanent
weight loss and the reduction of comorbidity and mortality [3,4].

Among the various surgical techniques, Roux-en-Y gastric bypass (RYGB) and sleeve
gastrectomy (SG) are the most commonly used [5], and they are usually performed laparo-
scopically [6]. However, laparoscopic surgery in patients with obesity can be challenging,
as the thickness of the abdominal wall, the accumulation of visceral adipose tissue, and
an enlarged liver volume can obstruct the surgical field [7] and increase the risk of compli-
cations, such as anastomotic leakage, bleeding, and infection [8]. Excess visceral fat can
increase the risk of surgical complications and prolong the conversion rate and surgical
time [8]. For instance, an enlarged liver and the accumulation of visceral fat can obstruct the
surgical field, which is responsible for approximately 50% of conversion cases in RYGB [9].
Additionally, a large neck circumference (>44 cm) may lead to difficulties in intubation
and mechanical ventilation [10]. Immediate preoperative weight loss has been reported
to reduce anaesthesiological and surgical risks [11] and improve short- and long-term
outcomes [12], but its role is still a subject of debate [13]. The evidence on the effects of
preoperative weight loss comes mainly from retrospective studies, as there is a lack of multi-
centre randomized controlled trials (RCTs) on this specific topic [14]. Therefore, guidelines
do not currently provide conclusive evidence for preoperative weight loss [15,16].

Several approaches to weight loss before surgery have been explored, including
pharmacotherapy with glucagon-like peptide-1 receptor agonists [17] or a hypocaloric
diet combined with gastric balloon insertion [18]. These methods appear to be effective in
reducing the rate of surgical complications and conversions [19].

However, in clinical practice, diet is probably the most common approach. There are
various diets that can be recommended to patients undergoing BS, with studies showing
that there are a wide range of diets prescribed across different centres [20,21]. These diets
include low-calorie (LCD), low-carbohydrate, and liquid-based diets [20,21].

The Mediterranean diet, which mainly consists of plant-based foods and uses olive oil
as the primary source of added fat, has been linked to numerous health advantages, such
as a decreased risk of chronic diseases [2]. However, research indicates that it may not be
the most efficient method for rapid weight loss prior to BS [22]. By adopting a balanced,
energy-controlled diet before the operation, similar to the Mediterranean diet, patients
can improve their nutritional habits and enhance their nutritional status [23]. However,
it may not be restrictive enough to help reduce body weight significantly and quickly
before BS [22]. According to some authors, patients who follow a diet more strictly before
surgery tend to lose more weight after surgery, for example, with an LCD [24]. For high-risk
patients, a very low-calorie diet (VLCD), which involves consuming 600–800 kcal per day,
may be a viable option to achieve rapid weight loss [25]. However, LCDs have certain
disadvantages, which are the greater the more restrictive they are, such as the loss of lean
mass; poor nutrient intake, if not well supplemented; and difficult diet adherence.

Research has shown that low-carbohydrate diets can help reduce liver fat and vol-
ume [26,27], which may be beneficial for patients undergoing BS. While personalized diets
are generally more effective in promoting adherence, standardized diets may be more
appropriate in preparing patients for surgery in a short period of time. In this regard,
although they do not promote sustainable changes in eating habits, ketogenic diets (KDs)
may be more effective as pre-operative diets for BS, while diets along the Mediterranean
lines may better serve as post-operative diets for maintaining the weight loss.

KD is a term that refers to various low-carbohydrate diet protocols. These diets are
characterized by a high intake of fats and proteins, resulting in a fasting-like state that
promotes physiological ketosis [28]. For instance, the very low-calorie ketogenic diet
(VLCKD) involves a significant reduction in carbohydrate consumption (less than 50 g per
day), adequate protein intake, and high fat consumption, with an average energy intake of
800 kcal/day [28–30]. While the KD was originally used to treat epilepsy in children [31],
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it has been shown to be an effective means of inducing rapid weight loss and managing
obesity-related disorders in adults [32–35]. Recent research has demonstrated that the
VLCKD may be a particularly attractive pre-operative dietary treatment for patients with
obesity who are candidates for bariatric surgery. In fact, a recent RCT found that VLCKD
resulted in better surgical outcomes than a VLCD in 178 patients undergoing laparoscopic
SG [36].

Overall, KD has been shown to be an effective strategy for inducing rapid weight
loss, and its use before surgery, especially when available in the short term, is particularly
attractive [37]. The aim of this review was to summarize the current evidence on the
VLCKD as pre-operative dietary treatment in patients with obesity candidates for BS.

2. Very Low-Calorie Ketogenic Diet
2.1. Definition of Ketogenic Diets

KDs are high-fat diets, characterized by a carbohydrate restriction (30–50 g per
day) [28]. This drastic reduction in the content of exogenous carbohydrates drives the body
into a state of mild physiological ketosis: a metabolic state characterised by an increase in
the concentration of ketone bodies [38]. Ketone bodies are the products of hepatic keto-
genesis, namely acetoacetate, acetone, and β-hydroxybutyrate (although the latter is not
defined as a ketone by IUPAC nomenclature) [38]. Various KD protocols exist, differing
from each other based on calories, macronutrients composition, and the achievable keto-
genic ratio [28]. The term ketogenic ratio refers to the ratio between the amount of lipids
(expressed in grams) in the diet protocol and the amount of protein and carbohydrates [28].

The most used KD therapies in the treatment of obesity are the low-calorie ketogenic
diet (LCKD) and the VLCKD. These nutritional approaches exploit nutritional ketosis,
induced not only by low carbohydrate intake but also by calorie restriction, to achieve a
rapid loss of fat mass while preserving lean mass [39]. Recently, VLCKD has been shown
to result in significant weight loss along with improved glycaemic control in subjects with
obesity and T2DM [40–42]. The VLCKD protocol is characterized by a daily calorie diet of
700–800 kcal/day with a carbohydrate restriction of 30–50 g/day ('13% of total energy
intake), a 30–40 g/day ('44%) increase in fats, and about 1.2–1.4 g/day proteins per kg
body weight ('43%) [29,30]. While some may mistakenly believe that VLCKD is a high-
protein diet, it actually maintains a daily protein intake of around 1.2–1.5 g/kg of ideal
body weight. Furthermore, VLCKD is based on high-quality protein sources from both
animal and non-animal sources, such as eggs, peas, soy, and whey protein [29,30].

2.2. Mechanisms of Action and Benefits of Very Low-Calorie Ketogenic Diet before Bariatric Surgery

As reported in the Italian Society of Obesity Surgery and Metabolic Diseases (SICOB)
guidelines, the pre-operative reduction of body weight is recommended in patients who are
candidates for BS, especially in the presence of BMI > 40 kg/m2 or severe visceral obesity,
including the prescription of a LCD/KD in the pre-operative period [43]. Decreasing
body weight significantly reduces visceral adipose tissue and fat liver [44], facilitating the
performance of laparoscopic operations, reducing the performance time and the risk of
conversion [9], and improving short- and long-term results, especially in patients with
BMI > 40 kg/m2 [45,46].

Several methods have been proposed to promote preoperative weight loss. In a
prospective observational study, Colles et al. investigated the efficacy and acceptability of a
preoperative very low energy diet (VLED) [47].

In a study involving 32 participants (19 men and 13 women) with a mean BMI of
47.3 ± 5.3 kg/m2, a VLED was implemented for 12 weeks. The study aimed to measure
changes in liver volume, visceral and subcutaneous adipose tissue, body weight, anthro-
pometric measures, and biochemical variables. Compliance, acceptability, and side effects
were also evaluated. The study found that the degree of liver volume reduction was directly
related to the reduction in relative body weight and initial liver volume. Eighty percent
of the reduction in liver volume occurred between weeks 0 and 2. Reductions in body
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weight and visceral adipose tissue were consistent over the 12-week period. Based on
these findings, the authors suggest that a pre-operative VLED should be followed for a
minimum of 2 weeks to achieve reductions in liver volume and visceral adipose tissue.
Ideally, a 6-week duration would be best to achieve maximal liver volume reduction and
significant reductions in visceral adipose tissue and body weight without affecting com-
pliance or acceptability [47]. Leonetti et al. enrolled 50 patients (31 females and 19 males,
mean age 47.7 ± 11.2 years, mean BMI 53.5 ± 8.4 kg/m2) who followed a VLCKD and
VLCD protocol prior to BS treatment (the obese preoperative diet (OPOD) group) and were
compared with 30 patients (18 females and 12 males, mean age 43.3 ± 8.7 years, mean BMI
54.8 ± 9.4 kg/m2), who followed a standard LCD (control group) [48]. Body weight and
waist circumference decreased significantly in the OPOD group, whereas no significant
changes occurred in the control group. The OPOD group also recorded an improvement in
fasting plasma glucose levels, even in patients with T2DM taking antidiabetic drugs. No
significant changes were found in plasma creatinine, urea, uric acid, glutamic oxaloacetic
transaminase, glutamic pyruvic transaminase, γ-glutamyl transferase, or alkaline phos-
phatase levels, confirming the liver and kidney safety of this protocol. An ultrasound
evaluation was performed and an average 30% reduction in liver volume was found [48].

From the evidence in the literature, it seems clear that the use of a VLCD or VLCKD in
the 15 to 30 days prior to surgery achieves satisfactory results in less time, at a lower cost,
and with fewer side effects than the intragastric balloon [18,49].

According to Albanese et al., the main advantage of VLCKD is not only fast and sub-
stantial weight loss but also its positive influence on parameters strongly related to surgical
outcome [36]. In fact, in a recent study of 178 patients who underwent either VLCKD or
VLCD before SG, blood drainage outputs were lower and post-operative haemoglobin
levels were higher in the group following VLCKD than the group following VLCD. Con-
sidering that weight loss and mean operative time were comparable between the two
groups, it can be assumed that this advantage was also influenced by the greater ease
of surgical manoeuvres due to hepatomegaly and visceral adipose tissue reduction. The
authors surmised that patients with VLCKD achieved a better metabolic and nutritional
status that influenced tissue healing and response to surgery [36]. In line with these results,
a 4-week preoperative VLCKD that included micronutrient supplementation led to better
blood glucose and hypertension, as well as a 19.8% decrease in the initial volume of the left
hepatic lobe [50].

Another important benefit of VLCKD is the high compliance rate due to the anorexi-
genic effect and hunger reduction caused by ketone bodies [51]. When the body is in a state
of ketosis, it uses ketone bodies as a primary source of energy instead of carbohydrates.
This shift in metabolism can lead to decreased hunger and cravings, making it easier for
patients to stick to the prescribed diet [51]. In addition, the physiological production of beta-
hydroxybutyrate during VLCKD exerts an important anticatabolic effect on skeletal muscle,
thus leading to a decrease in fat mass, preserving lean mass and muscle strength [52].

For this reason, the Italian Society of Endocrinology (SIE) Consensus Statement rec-
ommends a 2- to 6-week preoperative weight-loss program with VLCKD for patients who
are candidates for BS in order to induce weight loss and a reduction in liver volume and
visceral adipose tissue [40].

Therefore, VLCKD is effective in rapidly reducing weight, waist circumference, and
liver volume and consequently reduces the risk of transitioning to an open procedure, as
well as the risk of perioperative complications (Figure 1).



Nutrients 2023, 15, 1907 5 of 23

Nutrients 2023, 15, x FOR PEER REVIEW 5 of 24 
 

 

are candidates for BS in order to induce weight loss and a reduction in liver volume and 
visceral adipose tissue [40]. 

Therefore, VLCKD is effective in rapidly reducing weight, waist circumference, and 
liver volume and consequently reduces the risk of transitioning to an open procedure, as 
well as the risk of perioperative complications (Figure 1). 

 
Figure 1. Pre-operative effects of very low-calorie ketogenic diet in a candidate for bariatric surgery. 

2.3. Indications and Contraindications of Very Low-Calorie Ketogenic Diet in Pre-Bariatric Sur-
gery 

According to Marinari et al., losing weight before surgery can decrease liver volume 
and potentially make the surgery easier [53]. However, there is still debate over whether 
weight loss before surgery reduces the risk of complications after surgery [16,54]. 

As stated in the European Association for Endoscopic Surgery (EAES) clinical prac-
tice guidelines on BS (2020) endorsed by the European Association for the Study of Obe-
sity (EASO), the International Federation for the Surgery of Obesity and Metabolic Disor-
ders (IFSO-EC) and the European Society for the Peri-operative Care of the Obese Patient 
(ESPCOP), three RCTs were found regarding preoperative diet consultation versus stand-
ard care in patients undergoing BS [54]. The results showed that the group that received 
preoperative diet consultation had more significant weight loss after surgery (SMD 0.4, 
95% CI 0.03 to 0.78 higher), but there was no significant difference in the likelihood of 
postoperative complications (risk ratio, RR, 0.80, 95% CI 0.22 to 2.86), although interval 
estimates were wide [54]. However, a study from a Swedish registry showed a decrease 
in complications after gastric bypass surgery [55]. 

Moreover, as reported by Marinari et al., it is necessary to improve the preoperative 
fasting blood glucose level by using diet, exercise, and medication [55]. This is because 
having a blood glucose level higher than 180 mg/dl has been linked to an increase in 

Figure 1. Pre-operative effects of very low-calorie ketogenic diet in a candidate for bariatric surgery.

2.3. Indications and Contraindications of Very Low-Calorie Ketogenic Diet in Pre-Bariatric Surgery

According to Marinari et al., losing weight before surgery can decrease liver volume
and potentially make the surgery easier [53]. However, there is still debate over whether
weight loss before surgery reduces the risk of complications after surgery [16,54].

As stated in the European Association for Endoscopic Surgery (EAES) clinical practice
guidelines on BS (2020) endorsed by the European Association for the Study of Obesity
(EASO), the International Federation for the Surgery of Obesity and Metabolic Disorders
(IFSO-EC) and the European Society for the Peri-operative Care of the Obese Patient
(ESPCOP), three RCTs were found regarding preoperative diet consultation versus standard
care in patients undergoing BS [54]. The results showed that the group that received
preoperative diet consultation had more significant weight loss after surgery (SMD 0.4,
95% CI 0.03 to 0.78 higher), but there was no significant difference in the likelihood of
postoperative complications (risk ratio, RR, 0.80, 95% CI 0.22 to 2.86), although interval
estimates were wide [54]. However, a study from a Swedish registry showed a decrease in
complications after gastric bypass surgery [55].

Moreover, as reported by Marinari et al., it is necessary to improve the preoperative
fasting blood glucose level by using diet, exercise, and medication [55]. This is because
having a blood glucose level higher than 180 mg/dl has been linked to an increase in
complications and mortality during the surgery [56]. Considering these assumptions, it
would seem evident that a VLCKD is effective in the rapid loss of visceral adipose tissue
and hepatic adipose tissue prior to BS, thus aiding the surgery.

According to the Position Statement of SIE, VLCKD should be stopped 48 h prior to
elective surgery or invasive procedures and perioperative period [40]. On the other hand,
there are several absolute contraindications regarding the use of VLCKD, such as type 1
diabetes mellitus, latent autoimmune diabetes in adults, β-cell failure in T2DM, the use
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of sodium/glucose cotransporter 2 inhibitors, kidney failure, moderate-to-severe chronic
kidney disease, liver failure, hearth failure (NYHA III-IV), and respiratory failure [29,30].

2.4. Side Effects and Transient Complications of Very Low-Calorie Ketogenic Diet

VLCKD is a dietary treatment that may have transient adverse effects in the short to
medium term. One of the most frequent complications of the VLCKD nutritional program is
dehydration, and for this reason, an intake of 2–2.5 L of water or other sugar-free beverages
daily is recommended, especially during the active phase of ketosis (PMID: 35653127).
Dehydration can lead to electrolyte disorders, such as hyponatremia, hypokalemia, and
hypomagnesemia (PMID: 31665015). As reported by Barrea et al. (PMID: 35653127),
these disorders can also develop due to the urinary excretion of ketone bodies and low
micronutrient intake, especially during the active phase. Therefore, proper hydration and
supplementation with vitamins and minerals, as reported by the European Food Safety
Authority (EFSA), is essential.

Another complication that may occur in the short to medium term is increased
uricemia. In a study by Bruci and colleagues, uric acid was finally shown to be signifi-
cantly reduced after a 90-day VLCKD protocol, ruling out a correlation between VLCKD
and hyperuricemia (PMID: 32012661). A meta-analysis conducted by Castellana et al.
reported an overall neutral effect on uric acid by VLCKDs (PMID: 31705259). These
controversial results could be explained by the timing and extent of weight loss, as
food groups that typically increase serum uric acid levels (including red meat and
anchovies) are widely consumed in KDs and could lead to this effect in the short term
(PMID: 32012661). However, it is recognized that weight loss is associated with a signif-
icant reduction in urate levels (PMID: 31468681). For this reason, it seems reasonable to
suggest that it is necessary to monitor uricemia throughout the course of VLCKD, and,
in the case of patients with hyperglycaemia, limit foods with high urate content and
administer allopurinol if necessary.

Another complication that could occur due to lower food and fibre intake is constipa-
tion, which responds well to sufficient fluid intake, the daily intake of vegetables allowed
during VLCKD, and low-calorie laxatives.

2.5. Differences between Very Low-Calorie Ketogenic Diets with Meal Replacement or with
Traditional Protein

According to the European Guidelines for the Management of Obesity in Adults,
VLCKD includes proteins with a high biological value that are derived from milk, peas,
whey, and soy [30]. This diet can be achieved by using meal replacement or natural
foods [30]. Basciani et al. conducted a study comparing the effectiveness and safety
of VLCKD for 45 days using whey or vegetable protein meal replacement foods with
conventional animal protein in a group of patients with obesity and insulin resistance [57].
The results showed that after 45 days of VLCKD, there was a significant reduction in initial
body weight in both the whey protein and plant protein groups. Although the animal
protein group also showed a reduction in body weight, it was not statistically significant.
The animal protein group also showed an increase in blood urea nitrogen and uric acid
and a significant reduction in the estimated glomerular filtration rate compared to baseline
values. The authors concluded that VLCKD based on whey or vegetable protein is a safer
option than animal protein for patients with obesity [57]. Therefore, a VLCKD with whey
and vegetable protein-based meal replacements is a more suitable option for these patients.

Based on scientific evidence, it is recommended to use meal replacements during
the initial active ketogenic phase of a VLCKD to ensure a safe, effective, and controlled
administration [57,58]. In fact, with the use of single-portioned meal replacement meals,
the calibration of the diet is more accurate, and the content of calories, macronutrients,
and micronutrients needed by the patient can be set more precisely and individually.
Therefore, it would seem more appropriate to set up a VLCKD protocol with the use of
meal replacements to determine greater safety, efficacy, and compliance prior to BS, with
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preference given to freeze-dried meal replacements, which generally have a higher protein
content and lower fat and carbohydrate content. This would ensure a higher degree of
weight loss and a better adherence, which is critical when considering of the short duration
of the protocol.

3. Bariatric Surgery
3.1. Sleeve Gastrectomy

SG was conceived as the first surgical stage of biliopancreatic diversion with duodenal
switch producing a malabsorptive and restrictive bariatric procedure [59]. When Regan
et al. reported the results of SG as a first-stage procedure before RYGB in patients with
BMI > 60 kg/m2 showing a mean weight loss of 37 kg and a mean BMI decrease of
13 kg/m2 after 11 months of follow-up, SG gained increasing interest as a stand-alone
bariatric procedure [60]. Today, SG represents the most performed BS worldwide and
further innovations, such as the use of the laparoscopy, changes in the surgical techniques,
and the use of natural transluminal orifice endoscopic surgery, have been put in place to
improve its outcomes [61].

Laparoscopic SG comprises a subtotal vertical gastrectomy, creating a tubular duct
along the lesser curve with pylorus preservation [62]. Being considered quicker and easier to
perform as it does not include any intestinal anastomosis, compared to other more complex
bariatric procedures, its wide diffusion and acceptance also depends on the favourable
outcomes reported in terms of weight loss, the reduction in obesity-related comorbidities,
and the low rate of postoperative complications. SG does not only work as a restrictive
procedure, but it provides important hormonal changes involving GLP-1, peptide YY (PYY),
and ghrelin and leptin pathways, accounting not only for the several metabolic changes
but also for the sharp decrease in feelings of hunger [62]. A review of the literature by
Diamantis et al. revealed the percentage of excess weight loss to be 62.3%, 53.8%, 43%, and
54.8% at 5, 6, 7, and 8 or more years of follow-up, respectively [63]. Concerning T2DM,
the research by Madadi et al. involving 2480 patients who underwent SG, the remission
rate was 56.29% after 1 year follow-up [64]. However, the literature concerning long-term
outcomes after SG alone or compared to other procedures is poor and disparate. Han
et al. conducted a meta-analysis encompassing 2917 patients from randomized prospective
and retrospective studies, which highlighted no differences in mid- and long-term weight
loss between SG and RYGB; moreover, no difference in long-term T2DM remission was
found [65]. On the other hand, a meta-analysis from Gu et al. reported the superiority
of RYGB in T2DM remission at 3 years follow-up and in the percentage of excess weight
loss and remission of T2DM, hypertension, and dyslipidaemia [66]. Furthermore, another
meta-analysis by Lee et al. showed the superiority of RYGB in 1 and 3 years BMI loss
and 1 and 5 years dyslipidaemia remission, but no differences were found in T2DM
and hypertension remission compared to SG [67]. While the latter evaluated only early
(<30 days) postoperative complication rates, reporting no differences between RYGB and
SG [67], the research by Han et al. highlighted higher early postoperative complications
(RR: 2.14) and reoperation (RR: 1.73) risks for RYGB and no difference in terms of late
(≥30 days) postoperative morbidity [65].

Although SG is a safe procedure, burdened by low postoperative morbidity and
negligible mortality, postoperative gastroesophageal reflux disease (GERD) represents a
common issue for patients undergoing this procedure. The physiopathology of GERD has
not been completely elucidated and different causes, such as increased intragastric pressure,
reduced gastric emptying, and decreased lower oesophageal sphincter pressure, have been
evocated [66,67]. The study by Yeung et al., involving 10,718 patients, showed a 23%
rate of de novo GERD after SG, which is associated with a 28% and 8% rate of long-term
esophagitis and Barrett’s oesophagus prevalence, respectively; in addition, GERD was the
reason for conversion to RYGB in 4% of patients [68]. Weight regain represents another
major drawback of SG. A recent meta-analysis including studies with long follow-up after
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SG showed a 27.8% rate of weight recidivism and a 19.9% rate of subsequent revisional
rate [69].

SG is currently surgeons’ most preferred bariatric procedure due to its simplicity, the
low related morbidity, and the good short- and mid-term weight loss and results regarding
obesity-related comorbidities. However, its long-term reliability is uncertain, and GERD
represents a major cause of discomfort and morbidity for individuals with SG.

3.2. Roux-en-Y Gastric Bypass

For many decades, RYGB represented the most frequently used bariatric procedure
performed before being recently superseded by SG [70]. It consists of the creation of a
small gastric pouch that is separated from the gastric remnant, the anastomosis of the
gastric pouch to the distal part of a transected bowel loop (Roux-en-Y limb), and the
connection of the proximal part of the transected small bowel loop (biliopancreatic limb)
to the Roux limb at a previously defined distance from its anastomosis with the gastric
pouch; many different methods of reproducing this anatomical construction have been
described [71]. The aim of this reconstruction is to combine the restrictive effect of a tiny
gastric pouch to the malabsorption occurring in the common alimentary and biliopancreatic
limb length [71]. Once thought to be the most relevant mechanism to determine weight loss
after RYGB, the recent literature has showed how no changes in carbohydrate and protein
absorption and only low fat malabsorption after proximal RYGB with an estimated 11%
contribution on total postoperative weight loss in the early period due to the malabsorptive
phenomenon [72]. However, recent studies focusing on mid- and long-term weight loss
after RYGB has showed encouraging results supporting its employment [73–75]. Golzarand
et al. reported the percentage of excess weight loss being 62.58% after 5 years and 63.52%
after 10 years in 1671 patients who underwent RYGB [73]. Similar results were outlined
by O’Brien et al., with 55.4% of excess weight loss after 10 years or more from BS [74].
Concerning obesity-associated medical problems, RYGB has also been demonstrated to be
effective [75]. Compared to medical treatment, RYGB has been revealed to be superior in
terms of T2DM remission (OR: 76.37) and patients after RYGB showed significantly inferior
serum levels of HbA1c, triglyceride, low-density lipoprotein cholesterol, and systolic blood
pressure [75].

On the other hand, RYGB is characterized by some drawbacks which are still debated.
Although RYGB showed better results in long-lasting T2DM remission compared to SG,
T2DM relapse after 10 or more years follow-up is estimated to be 30% [76]. Furthermore,
RYGB may be badly tolerated due to the occurrence of nutritional issues. Post-RYGB
anaemia can reach 45–50% incidence as a consequence of iron and B12 vitamin deficiency;
hypoproteinaemia has a 10–15% incidence and mineral deficiency is also frequent [77]. In
the end, in contrast with the short- and mid-term results of optimal weight loss, long-term
weight regain after RYGB is documented in 20–35% of patients [78].

3.3. One-Anastomosis Gastric Bypass

OAGB consists in producing a small size gastric pouch on a 36 Fr bougie with a
single anastomosis with the small bowel at 150–200 cm from the Treitz ligament [79]. With
this anatomical reconstruction, the restrictive and malabsorptive principia of RYGB are
conserved with only one anastomosis, reducing surgical complexity and the sources of
postoperative complications at the same time [79]. The IFSO published an update position
statement on OAGB analysing the results of all the literature on this procedure [80]. Short-
term results in terms of weight loss are encouraging. Nine RCTs with 501 patients who
underwent OAGB showed a global percentage of excess weight loss of 67.85% and 87.54%
excessive BMI loss after 25.33 months of mean follow-up. Concerning associated medical
problems, patients who underwent OAGB showed positive T2DM, obstructive sleep apnoea
syndrome (OSAS), hypertension, and dyslipidaemia remission rates [80]. Although OAGB
is widely carried out, as it considered effective, easy, and quick to perform and has a low
postoperative complication rate [81], some nutritional and malabsorptive issues must be
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considered [82,83]. A comparative systemic review and meta-analysis by Tourky et al.
showed a significantly increased percentage of excess weight loss and percentage of total
body weight loss at 3-year follow-up but also highlighted an increased risk of postoperative
malnutrition (OR: 3) and hypoalbuminemia (OR: 2.38) for OAGB compared to RYGB [83].
Moreover, the anatomical reconstruction of OAGB theoretically exposes the patients to an
increased incidence of bile reflux, which can cause esophagitis and is a potential risk factor
for oesophageal cancer; postoperative bile reflux incidence varies between studies from
7.8 to 55.5% [82]. In the end, long-term postoperative outcomes after OAGB are still not
well documented in the literature with only few retrospective studies reporting a 10-year
or more follow-up.

3.4. Single-Anastomosis Duodeno-Ileal Bypass

SADI consists of a gastric greater curvature resection, followed by a resection of the
duodenum 3–4 cm from the pylorus, and then a duodeno-ileal anastomosis is performed,
producing a 200 cm efferent limb [84].

As it has only recently been proposed and adopted, research evaluating outcomes after
SADI is limited, especially when considering long-term results. A comparative systematic
review and meta-analysis by Verhoeff et al. evaluated 3319 patients who underwent a
malabsorptive procedure, including 1704 patients receiving SADI [85]. They reported a
significantly shorter operative time and length of stay and postoperative complication
rate for SADI. In addition, no differences in terms of weight loss, associated medical
problems remission, and nutritional deficiencies were highlighted; however, follow-up in
the included studies was too short to produce solid conclusions and, although subgroup
analysis was performed, the reliability of the results of this meta-analysis was affected
by the heterogeneity of the comparative group, which included patients who underwent
different malabsorptive procedures [85]. Sanchez-Pernaute et al. published their 10-year
follow-up case series of 123 SADI, showing 80% and 34% of excess weight loss and total
body weight loss, respectively; a total of 12 of 41 diabetic patients needed insulin treatment
at the end of follow-up and 12 of 123 had undergone revisional surgery due to chronic
hypoproteinaemia [86].

SADI has also demonstrated encouraging results as revisional surgery after failure of
previous restrictive procedures [87], but long, high-quality follow-up studies are needed to
evaluate long-term efficacy of this procedure in a primary and revisional setting.

3.5. Perioperative Issues
3.5.1. Perioperative Technical Issues

Individuals undergoing BS represent a peculiar population with their own specific
characteristics that make each surgical step insidious. As a matter of fact, considering the
two most common bariatric procedures performed worldwide, the learning curve threshold
has been shown to be set at 100–200 laparoscopic SG and up to 500 laparoscopic RYGB for
the single surgeon to master these procedures [88].

3.5.2. Port Placement

Port placement is the first step of any laparoscopic surgery. Hasson’s technique,
conceived in 1971, consists of performing a mini-laparotomy to gain access to the peritoneal
cavity and place the optic trocar under direct visualization to avoid inadvertent abdominal
organ injuries [89]. This technique, which was introduced as an alternative to blind trocar
placement to reduce procedure-associated complications, is often impossible to realize as
a consequence of the abdominal wall thickness in bariatric patients, although a “large”
mini-laparotomy is performed with the successive risk of CO2 leakage that can compromise
the surgical performance [90]. Access to the abdominal cavity is challenging not only
due to abdominal wall thickness but also because individuals with obesity, especially
females, have a high dense abdominal barrier and thick peritoneum [90]. Moreover, the
umbilicus in this population can have variable positions and the bariatric surgeon has to
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use different landmarks to avoid optic port placement in a position that can affect surgical
performance [91,92].

Closed techniques, such as direct trocar insertion (DTI) and the Veress technique,
are commonly used in individuals with obesity, but they are not riskless, as they consist
in the blind insertion of a sharp instrument into the abdomen [93,94]. Two randomized
clinical trials have been performed comparing these access techniques in individuals with
obesity [93,94]. Ertugrul et al. reported two major complications in the DTI group vs. no
major complications in the Veress group in 81 patients scheduled for bariatric laparoscopic
surgery using a bladed trocar for the DTI technique; abdominal access was faster in the DTI
group while no difference in terms of access failure rate was found [93]. Similar findings
were reported by Ikechebelu et al. in 135 women with obesity undergoing diagnostic
laparoscopy for infertility—the only difference resulting from the two groups was faster
access time to the abdominal cavity in favour of the DTI group [94]. At present, no
recommendation has been developed regarding which technique is the most safe and
feasible and any bariatric surgeon should be comfortable with multiple techniques.

3.5.3. Patient-Related and Intraoperative Factors

How anatomical and intraoperative factors can affect the complexity of bariatric
procedures is a debated topic, as most surgeons agree that some specific features have a
relevant impact, but the current literature is very scant regarding this issue. A worldwide
international survey based on 370 expert bariatric surgeons was performed by Shahabi
et al., which focused on how many anatomical and intraoperative factors could make the
procedure easier or more complicated [92]. Some anatomical features, such as hepatomegaly,
a large sized hiatal hernia, a thick falciform ligament, and a thick omentum, were considered
as moderately or highly complicating to the bariatric procedure. As a matter of fact, the
aforementioned characteristics play a part in reducing the accessibility to the stomach
and the bowel for resecting, stapling, and suturing and make it more difficult to achieve
a correct operative position. Consequently, the higher is the patient’s BMI, the harder
the operation is expected to be. A total of 39.7% of the experts surveyed agreed that a
BMI > 50 kg/m2 makes the performance of operations moderately difficult and 10.8%
thought that it makes the procedure very difficult; a BMI > 60 kg/m2 makes the operation
very difficult for 34.3% of experts and extremely difficult for 12.1%. These data should,
however, be taken carefully, as the distribution of adipose tissue determines surgical
difficulty to a greater extent than BMI and patients’ phenotype, i.e., gynoid vs. android,
may play a pivotal role in determining surgical difficulty. Indeed, some individuals with
a BMI > 50 kg/m2 may present with peripheral obesity (gynoid phenotype) and be easy
to operate on, while on the other hand an individual with central obesity and a BMI
between 35 and 40 kg/m2, may be very challenging to operate on because the presence of
most of the fat in the abdomen hinders the possibility of obtaining enough room with the
pneumoperitoneum to perform the bariatric procedure with ease. Liver cirrhosis, which is
not rarely associated because of progressive non-alcoholic steatohepatitis, also represents
an unfavourable characteristic and 32.4% of the surgeons surveyed affirmed that it makes
the operation moderately difficult, while 21.8% declared that it makes the procedure very
difficult [92].

3.5.4. Anaesthesia

Individuals with obesity represent a significant challenge for anaesthesiologists, as
obesity and its related medical issues deeply affect bariatric perioperative management.
With the current obesity epidemic, the literature concerning the pitfalls of anaesthesia in
this specific population is progressively developing.

3.5.5. Perfusion

Providing one or more venous access is the first step in preparing the patient for
anaesthesia. Intravenous cannulation can sometimes be difficult due to different factors.
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Obesity is commonly considered a complicating condition as it affects vein palpation and
visualization [95]. The research by Brandt et al. showed that a higher BMI is associated
with the absence of clinically detectable veins and that ultrasonography guarantees 100%
success in finding a peripheral vein suitable for cannulation [95].

3.5.6. Intubation

Endotracheal intubation is commonly considered to be more difficult in patients with
obesity; however, there is no clear evidence that difficult intubation is more frequent than
in lean populations [96]. A large French cohort study reported an increased incidence of
failed primary intubation and of difficult intubation in individuals with obesity compared
to individuals without obesity, although the factors related to an increased risk of failed
intubation did not differ from those seen in the normal weight population (Mallampati
III/IV grade, cervical spine rigidity, OSAS) [97,98]. Bariatric patients frequently have
an increased neck circumference and a neck circumference/thyromental distance ratio
due to fat distribution which are associated with an increased Mallampati grade [99].
Moreover, the frequent association between obesity and diabetes adds another factor
that can complicate the intubation, as it has been demonstrated that diabetic patients
suffer from increased osteoarticular stiffness, which provokes cervical spine rigidity and
reduction in consented motions during intubation [100]. A history of OSAS should always
be investigated preoperatively as its incidence is elevated in the morbidly obese population
(35–93%) and it can affect many aspects of anaesthesiologic perioperative management [101].
Videolaringoscopy could be employed to ease difficult intubations; however, there is still
weak evidence regarding its actual benefits in this specific situation. On the other hand,
preferring a ramped position to a flat supine position at the moment of induction and
intubation eases the procedure [101].

3.5.7. Ventilation

Up to 20% of patients with morbid obesity are diagnosed with Obesity Hypoventilation
Syndrome, which is defined as the coexistence of BMI≥ 30 kg/m2 and daytime hypercapnia
with PaCO2 > 45 mmHg during wakefulness in the absence of an alternative neuromuscular,
mechanical, or metabolic explanation for hypoventilation, and its incidence reaches 50%
in patients with BMI ≥ 50 kg/m2 [102]. Different mechanisms are implicated: the obesity-
related restrictive respiratory mechanic, the central respiratory drive depression determined
by chronic hypercapnia and the consequently increased bicarbonate retention, and leptin
resistance [103]. In these patients, bilateral pulmonary atelectasis frequently coexists,
reducing respiratory reserve [103]. Obesity Hypoventilation Syndrome exposes the bariatric
patient to perioperative desaturation and to an increased risk of respiratory complications,
depending on the difficulty of reaching a balance between adequate oxygenation and the
risk of pulmonary barotrauma [104]. In addition, the concurrence of OSAS, which delineates
the so-called overlap syndrome, further accentuates the aforementioned issues. Moreover,
the need to set the patient in a Trendellenburg position during certain technical surgical
steps increases the pressure performed by the abdomen on the chest furtherly reducing
respiratory volumes and reserves. Intraoperative pressure-controlled ventilation with low
tidal volume, carefully titrated positive end-expiratory pressure, and lung recruitment
manoeuvres result in better intraoperative oxygenation, atelectasis mitigation, and reduced
postoperative respiratory complications after laparoscopic BS [104].

3.5.8. Extubation

The respiratory function alterations induced by obesity and its related medical issues
in combination with the effects of anaesthetic drugs also exposes the bariatric patient to
an increased risk of respiratory insufficiency from the moment of extubation [105]. To
help avoid respiratory complications, bariatric patients should be as awake as possible
prior to extubating in the operating room [105]. To achieve this, many attempts to modify
anaesthetic drugs protocols have been carried out. Patients undergoing BS have different
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pharmacokinetics compared to leaner populations, as liposoluble drugs are stocked in fat
tissue, releasing them slowly, which in turn may create long-lasting residual effects [106].
Avoiding opioids or using short-acting opioids along with adjuvants and avoiding or
minimizing the need for neuromuscular blocking agents can directly cut down the number
of postoperative pulmonary complications in patients with obesity [106].

3.6. Very Low-Calorie Ketogenic Diet in Bariatric Surgery
3.6.1. The Use of Ketogenic Diet on Patients with Obesity Scheduled for Bariatric Surgery

BS is known to be the most effective and durable therapeutic means for the long-term
treatment of morbid obesity [107]. Currently, laparoscopic surgery is the preferred method
for BS in almost all cases. Patients who require BS often have a steatotic liver, which can
make the surgery technically challenging [107]. This can lead to longer surgery times,
an increased risk of bleeding during surgery, anastomotic complications, and in some
cases, suboptimal bariatric anatomy, which can compromise long-term results [108,109].
Another challenge during bariatric surgery is increased intra-abdominal fat, especially in
patients with central obesity. This can reduce the working space and make it difficult to
expose anatomical landmarks, as well as impair complex surgical tasks, such as knotting
and suturing [13,110,111]. Therefore, preoperative interventions to reduce body weight,
hepatomegaly, and intra-abdominal fat before laparoscopic bariatric surgery could benefit
both surgeons and patients by reducing surgical risk [13,110,111]. However, there is no
clear consensus on the most effective dietary approach.

KDs have been used as a therapy for epilepsy since the 1920s and have been widely
used for obesity treatment since the 1960s [112]. These diets are characterized by a high
intake of fats and proteins, with a significant reduction in carbohydrate consumption,
inducing a state of physiological ketosis [113]. For instance, a VLCKD involves a drastic
reduction in carbohydrate intake (less than 50 g per day, providing about 13% of caloric
intake), with adequate protein intake (about 0.8–1.2 g per kg of ideal body weight, providing
about 45% of caloric intake) and a relatively high intake of fats (approximately 42% of caloric
intake), with an average energy intake of 800 kcal per day [113]. Strong and supportive
evidence suggests that KDs are effective for weight loss therapy, and they may be a valid
option for patients at higher risk who need to achieve rapid weight loss [45,114]. Patients
often report satisfaction with this nutritional approach, possibly due to the anorexigenic,
euphoric, and mood-stabilizing effects of ketone bodies, which reduce hunger and promote
a feeling of rapid satiety [112].

One of the first study addressing the effect of VLCKD on patients with obesity sched-
uled for BS was performed by Leonetti et al. [48]. The study evaluated the efficacy of a
sequential diet regimen called OPOD, in 50 patients with a mean BMI of 53.5 ± 8.4 kg/m2,
with and without T2DM, who were scheduled for laparoscopic BS. The OPOD regimen
consisted of a 10-day KD (600 kcal per day, 15 g of carbohydrates, 80 g of proteins, and 23 g
of lipids), followed by a 10-day VLCD (800 kcal per day, 55 g carbohydrates, same proteins,
and 30 g lipids), and finally an LCD (1100 kcal per day, with an increase in carbohydrates
up to 145 g, 60 g proteins, and 33 g lipids) until the surgery. The OPOD regimen scheme
used by Leonetti et al. is reported in Table 1.

The patients in the study were assessed at baseline (T0) and after 10 days (T1), 20 days
(T2), and 30 days (T3). The results showed that body weight, BMI, waist circumference, and
neck circumference were significantly lower at T1, T2, and T3 than at T0 in the 48 patients
who completed the OPOD regimen. Additionally, in patients with T2DM, fasting plasma
glucose levels decreased significantly, allowing for a reduction in diabetic medications. The
study concluded that the OPOD, which includes 10 days of VLCKD, was safe and effective
for patients with obesity with or without T2DM who were candidates for BS [48]. Similarly,
Albanese et al. aimed to compare surgical outcomes and weight loss in two groups of
patients who were offered two different pre-operative diets: VLCD and VLCKD. The study
involved 178 patients, with VLCKD implemented for 72 patients and VLCD implemented
for 106 patients. The mean age was 43 years, and the mean BMI before the diet was



Nutrients 2023, 15, 1907 13 of 23

46.3 ± 6.3 kg/m2 for the VLCKD group and 43.1 ± 6.9 kg/m2 for the VLCD group. The
results showed that absolute weight loss was significantly better in the VLCKD group than
in the VLCD group (5.8 ± 2.4 vs. 4.8 ± 2.5 kg; p = 0.008), while there were no significant
differences in excess BMI loss (10.4 ± 4.0 vs. 10.0 ± 5.6%; p = 0.658). The VLCKD regimen
consisted of 1.4 g of protein per kg of ideal body weight, <20–30 g of carbohydrates, and
15–20 g of lipids per day, divided into three main meals with a maximum caloric intake
of 700 kcal per day. Breakfast and dinner were replaced by a diluted powder containing
whey proteins enriched with amino acids, while lunch included animal or plant-derived
protein natural food and 200 g of vegetables. The study recommended the integration of
trace elements diluted in 2 L of water per day [36]. The VLKCD scheme used by Albanese
et al. is reported in Table 2.

Table 1. The obese preoperative diet (OPOD) [48].

Regimen OPOD

VLCKD (Days 1–10) VLCD (Days 11–20) LCD (Days 21–30)

Take 8–9 * scoops (one scoop = 10 g; 0.3 g
of carbohydrates; 8.2 g of protein; 0.4 g of
fats) of ketogenic powder per day each
diluted in 100–200 mL of water and oral
supplements as follows:

• Breakfast—two scoops and two
tablets of multimineral.

• Lunch—two scoops and two tablets
of multivitamins.

• Dinner—two scoops and two
tablets of omega 3 Snacks
(mid-morning, mid-afternoon,
after dinner)—one scoop.

Drink each day at least 2 L of liquids
(except sweetened drinks).
Limit physical activity and excessive
stress.
Free consumption of vegetables at lunch
and dinner (minimum 500 g day).
Allowed—20 g of extra virgin olive oil
per day.
Daily energy intake 560–595 Kcal:

X Carbohydrates: 15 g,
X Proteins: 72–80 g,
X Lipids: 23–24 g.

Stop VLCKD treatment and oral
supplements. Start a very low-calorie diet
as follows:

• Breakfast: Recommended
food—200 g of semi- skimmed
milk or low-fat yogurt or
unsweetened orange juice, 20 g of
rusks or 20 g of bread. Forbidden
food—sweets or brioches.

• Lunch—150 g of lean meat or 200 g
of fish, free consumption of
vegetables (minimum 250 g), 100 g
of fruit.

• Dinner—100 g of low-fat cheese,
free consumption of vegetables
(minimum 250 g), 100 g of fruit.

Allowed—20 g of extra virgin olive oil
per day.
Daily energy intake 810 Kcal:

X Carbohydrates 55 g,
X Proteins 80 g,
X Lipids 30 g.

Increase the amount of carbohydrates as
the following scheme:

• Breakfast: Recommended
food—200 g of semi- skimmed
milk, or low-fat yogurt or
unsweetened orange juice, 40 g of
rusks or 50 g of bread. Forbidden
sweets or brioches.

• Lunch—80 g of pasta or bread, free
consumption of vegetables
(minimum 250 g), 100 g of fruit.

• Dinner—150 g of lean meat or 200 g
of fish or 100 g of low-fat cheese,
free consumption of vegetables
(minimum 250 g), 100 g of fruit.

Allowed—20 g of extra virgin olive oil
per day.
Daily energy intake 1100 Kcal:

X Carbohydrates 145 g,
X Proteins 60 g,
X Lipids 33 g.

* Eight for females, nine for males. OPOD, obese preoperative diet; VLCKD, very low-calorie ketogenic diet;
VLCD, very low-calorie diet; LCD, low-calorie diet.

While in the study by Albanese et al., VLCKD was developed using regular food,
Pilone et al. proposed a sequential diet regimen consisting of a VLCKD for 10 days (referred
to as the V-diet), followed by a hypocaloric scheme for the next 20 days (referred to as
V-hypo), with a gradual increase in caloric intake [115]. Pilone et al. proposed a dedicated
KetoStationkit for use during the first 10 days of the regimen, along with a hypocaloric
scheme for the next 20 days. The KetoStationkit included a protein powder (82 g of
protein from whey and caseinate for every 100 g of product) and nutritional supplements
(multiminerals, multivitamins, and omega 3 fatty acids). During the V-diet, patients were
advised to consume eight scoops of ketogenic powder per day for females and nine scoops
per day for males, with each scoop diluted in 100–200 mL of water (one scoop containing
10 g, including 0.3 g of carbohydrate, 8.2 g of protein, and 0.4 g of fat). Patients could add
vegetables to their regimen during lunch and dinner and were encouraged to consume at



Nutrients 2023, 15, 1907 14 of 23

least 2 L of fluids per day. Ketone body levels were measured in the plasma and urine, and
routine laboratory tests and anthropometric measurements were conducted at enrolment
(T0), after 10 days (T1), and after 30 days (T2). The results of the study showed a significant
decrease in body weight, BMI, and waist circumference at T0 and T1, T0 and T2, and T1 and
T2 (p < 0.05). Additionally, a bioelectrical impedance assay showed a significant reduction
in visceral fat at T1 and T2. The study also observed a significant improvement in several
clinical parameters, including glycaemic and lipid profile parameters, associated with a
mean 30% reduction in liver volume. The study concluded that a VLCKD performed using
a dedicated KetoStationkit was safe and effective in reducing weight and liver volume in
patients with obesity who were candidates for BS [115].

Table 2. Very low-calorie ketogenic diet scheme used by Albanese et al. [36].

Meal

Breakfast Two measuring cups of protein powder in water or yogurt with a fat content of 0.1% (either plain or fruit-flavoured).
Coffee is also acceptable.

Lunch*

A total of 180 g of animal proteins (such as beef, calf, rabbit meat, chicken, or turkey breast) or 200 g of fish proteins
(such as anchovies, sardines, tuna, mackerel, lobster, shrimps, pike, cod, rhombus, sole, sea bass, grouper, snapper,
sea bream, cuttlefish, squid, octopus, salmon, or swordfish) or 200 g of plant-based proteins (such as tofu, seitan, or
tempeh), along with 200 g of vegetables (such as chard, chicory, zucchini, cauliflower, fennel, eggplant, broccoli,
lettuce, radish, artichoke, or spinach).

Dinner *
Four measuring cups of protein powder in water or yogurt with a fat content of 0.1% (either plain or
fruit-flavoured), along with 200 g of vegetables (such as chard, chicory, zucchini, cauliflower, fennel, eggplant,
broccoli, lettuce, radish, artichoke, or spinach).

* the consumption of two small scoops of olive oil per day is allowed, but vinegar is not permitted.

Furthermore, Schiavo et al. investigated the clinical impact of a micronutrient-enriched
ketogenic diet on patients with obesity who were candidates for BS [50]. The study involved
a 4-week preoperative period during which the patients adhered to a ketogenic food plan,
providing approximately 1200 calories per day, consisting of 4% carbohydrates, 71% fats,
and 25% proteins. The food plan was supplemented with a composition of nutrients
(Ketocompleat, MVMedical Solutions, Serravalle, Repubblica San Marino) [50].

An example of the preoperative KD daily plan used by Schiavo et al. is reported in
Table 3.

Table 3. An example of preoperative ketogenic diet daily plan used by Schiavo et al. [50].

Meal

Breakfast Egg (100 g), salt (0.13 g), pepper (0.033 g), olive oil (5 g)
Snack Nuts (30 g)
Lunch Lamb loin 145 g), olive oil (10 g), salt (1.5 g), pepper (0.13 g), asparagus (143 g)
Snack Cheddar cheese (30 g)
Dinner Ketocompleat (40 g), water (250 mL)
Total calories 1215.4 kcal:

X Fat: 71% (96.1 g),
X Carbs: 4% (14.2 g),
X Protein: 25% (76 g).

All subjects obtained a significant reduction in body weight (males 10.3%, p < 0.001
and females 8.2%, p < 0.001) and in left hepatic lobe volume (−19.8%; 503 ± 61 cm3 vs.
627 ± 85 cm3, p < 0.001) [50]. Furthermore, Schiavo et al., with the aim to prospectively
compare the effects on weight loss, fat mass, fat free mass, and resting metabolic rate
in two groups of patients with obesity scheduled for BS and who were randomized to
two different diets (LCKD diet vs. LCD) after intragastric balloon placement, showed
that the LCKD group displayed a significantly lower decrease in fat free mass and resting
metabolic rate when compared with the LCD group (3.55 vs. 14.3%, p < 0.001; 9.79 vs.
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11.4%, p < 0.001, respectively) [116]. Moreover, fat mass decreased more significantly
with LCKD compared to LCD (41.6 vs. 33.1%, p = 0.0606). The authors concluded that,
based on their findings, they were able to support the hypothesis that LCKD is associated
with an increased fat mass loss while reducing the fat free mass loss and the resting
metabolic rate [116]. In addition, in another study, Schiavo et al. were able to show in a
pilot, prospective, randomized multicentre comparative study that LCKD associated with
continuous positive airway pressure was able to alleviate OSAS in patients with obesity
scheduled for bariatric/metabolic surgery [117].

3.6.2. Assessment of Surgical Outcomes

Many bariatric surgeons suggest an aggressive weight reduction regimen to patients
before undergoing BS, as preoperative weight loss may improve patient outcomes. Some
surgeons may even withhold surgery if a certain threshold of preoperative weight loss is
not achieved, although the scientific evidence supporting this practice is unclear. However,
in an effort to improve patient outcomes after bariatric procedures, many now insist that
patients meet preoperative weight loss goals before undergoing surgery. The Canadian
Clinical Guidelines recommend a preoperative weight loss of 10% of body weight within
6 months through dietary modification [118], while some insurance companies in the
United States require a 5–10% preoperative weight loss and the attendance of multiple
nutritionist consultations before surgery approval [119]. The purported benefits of preop-
erative weight loss include selecting the most motivated patients, acclimating patients to
restricted intake, reducing perioperative morbidity, and decreasing liver volume, leading
to shorter operative times [120]. However, the National Institutes of Health consensus
statement does not mandate preoperative weight loss but rather evaluates patients based
on BMI, co-morbidities, and previous weight loss attempts, without considering successful
preoperative weight loss [121].

Bariatric surgeons commonly believe that weight loss before BS leads to techni-
cally simpler procedures. However, the evidence for mandatory preoperative weight
reduction is limited and conflicting. While reducing liver volume and intra-abdominal
fat may make surgery easier and decrease co-morbidities, this hypothesis has not been
definitively established. The systematic review of 17 trials, encompassing approxi-
mately 4611 patients, found preoperative weight loss to be beneficial, while 10 studies,
encompassing 2075 patients, found no benefit [45]. Laparoscopic RYGB patients who
underwent preoperative weight loss experienced a 12.5-min shorter operative time.
In terms of postoperative weight loss, nine studies (39%) reported a positive correla-
tion, while fifteen (62.5%) reported no benefit. Nine studies reporting perioperative
complications (852 patients) revealed no difference in complication rates, while two
studies (1234 patients) suggested a significant decrease associated with preoperative
weight loss [45]. Therefore, a large-scale, multicentre, randomized, controlled trial with
sufficient power is necessary to determine the effectiveness of preoperative weight loss.

Up to this point, it has been difficult to determine whether the results of weight
loss before BS are solely due to weight loss or whether a specific KD provides additional
benefits. Albanese et al. sought to answer this question by comparing weight loss and
surgical outcomes in two groups of patients who followed different diets for three weeks
before surgery: a VLCKD and a VLCD [36]. A total of 178 patients were enrolled in the study,
with 72 following VLCKD and 106 following VLCD. While both groups were informed that
weight loss before surgery was mandatory, the patients’ preferences influenced the type of
diet they followed. After three weeks, the VLCKD group had a better absolute weight loss
than the VLCD group (5.8 ± 2.4 kg vs. 4.8 ± 2.5 kg, p = 0.008), but there was no significant
difference in the percentage of excess BMI loss (respectively, 10.4 ± 4.0% and 10.0 ± 5.6%,
p = 0.658). All patients underwent laparoscopic SG. While the mean operative times and
hospital stays were comparable in both groups, the VLCKD group had lower drainage
output (141.2± 72.8 mL vs. 190.7± 183.6 mL, p = 0.032), higher post-operative haemoglobin
levels (13.1± 1.2 mg/dL vs. 12.7± 1.5 mg/dL, p = 0.04), and a lower percentage of patients



Nutrients 2023, 15, 1907 16 of 23

requiring prolonged hospital stays (2.8% vs. 10.4%, p = 0.048) compared to the VLCD group.
The authors concluded that the advantages of VLCKD were not strictly related to surgical
manoeuvres, as the operative time was comparable between the two groups but rather to a
better metabolic and nutritional status that positively influenced tissue healing [36].

Table 4 summarises the main findings of studies on KDs before BS.

Table 4. Main findings of studies on ketogenic diet before bariatric surgery.

Reference Population Aim and Intervention Findings

Leonetti et al. [108] 19 M; 31 F

Assessment of the effectiveness of a sequential
diet regimen termed the OPOD in morbidly
obese patients with and without type 2
diabetes mellitus scheduled for bariatric
surgery.
OPOD regimen:
VLCKD for 10 days;
VLCD for 10 days;
LCD for 10 days.

Reduction in body weight, body mass
index, waist circumference, and neck
circumference; amelioration in fasting
plasma glucose levels; reduction in liver
volume; and improvement of
liver steatosis.

Albanese et al. [30] 39 M; 139 F

Compared surgical outcome and weight loss in
two groups of patients who were offered two
different pre-operative diets: VLCD and
VLCKD: 72 patients followed a pre-operative
VLCKD and 106 a VLCD.

Absolute weight loss was significantly
better in the VLCKD than in the VLCD
group, while no significant differences
were observed in % of excess body mass
index loss. VLCKD showed better results
than VLCD on surgical outcome,
influencing drainage output,
post-operative haemoglobin levels, and
hospital stay.

Pilone et al. [109] 44 M; 75 F

Evaluation of safety, efficacy, and acceptability
of a VLCKD in patients before bariatric surgery
using a sequential diet regimen: VLCKD for
10 days, followed by a hypocaloric scheme for
20 days, with the progressive recovery of
calorie levels.

Weight, body mass index, waist
circumference, and visceral fat
decreased significantly. Furthermore, a
significant improvement in several
clinical parameters, including liver
volume and glycaemic and lipid profile
parameters were observed. The
majority of patients declared
themselves satisfied or very satisfied.
The adverse effects were mild, of short
duration, and not clinically relevant.

Schiavo et al. [110] 10 M; 17 F

To assess the safety and the effectiveness of a
4-week preoperative KMED in reducing body
weight and left hepatic lobe volume in patients
scheduled for bariatric surgery. Ketogenic food
plan (from 1150 to 1250 kcal/day) consisted of
4% carbohydrates, 71% fats, and 25% proteins.
Dinner was substituted by Ketocompleat
(MVMedical Solutions, Serravalle, Repubblica
San Marino). Ketocompleat is a supplement
included on the register of food supplements
of the Italian Minister of Health (code number
94721), and due to its carbohydrate-free
formulation, may be associated to a
low-carbohydrate ketogenic diet.

The study indicates that a 4-week
preoperative KMED is safe and effective
in reducing body weight and left hepatic
lobe volume in patients with obesity
scheduled for bariatric surgery.
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Table 4. Cont.

Reference Population Aim and Intervention Findings

Schiavo et al. [111] 22 M; 26 F

To prospectively compare the effects on weight
loss, fat mass, fat-free mass, and resting
metabolic rate in two groups of patients who
were randomized to two different diets: LCKD
and a standard LCD after intragastric balloon
placement. The macronutrients composition of
the LCD and LCKD was 40% carbohydrates,
43% proteins, and 15% fats (~ 1200 kcal/day)
and 4% carbohydrates, 25% proteins, and
71% fats (~ 1200 kcal/day), respectively.

The LCKD group showed a
significantly lower decrease in free fat
mass and resting metabolic rate when
compared with the LCD group. Fat
mass decreased more significantly with
LCKD compared to LCD, without
negative impact on renal function.

Schiavo et al. [112] 44 M; 26 F

To assess the clinical advantage of pre-bariatric
surgery CPAP alone or in combination with a
LCKD on apnoea–hypopnoea index and CRP
levels in patients with obesity and obstructive
sleep apnoea syndrome. The ketogenic food
plan (from 1150 to 1250 kcal/day) consisted of
4% carbohydrates, 71% fats, and 25% proteins.
Dinner was substituted by Ketocompleat
(MVMedical Solutions, Serravalle, Repubblica
San Marino)

Apnoea–hypopnea index scores
improved significantly in both groups.
Combining CPAP and LCKD registered
no advantage on the apnoea–hypopnoea
index score. Furthermore, CPAP + LCKD
had a greater impact on CRP levels than
CPAP alone demonstrating a positive
impact on chronic inflammatory status.

OPOD, obese preoperative diet; VLCKD, very low-calorie ketogenic diet; VLCD, very low-calorie diet; LCD, low-
calorie diet; MKED, ketogenic micronutrient-enriched diet; LCKD, low-calorie ketogenic diet; CPAP, continuous
positive airway pressure; CRP, C reactive protein.

4. Conclusions

Weight loss before BS is crucial for patients, as it leads to various benefits, such
as a decrease in liver volume and visceral fat, a lower risk of intra- and post-operative
complications, shorter surgery times, and reduced hospital stays. VLCKDs have proven to
be a safe and effective way to achieve weight loss and may be considered as an option in
the pre-operative period of BS. However, larger RCTs with well-defined dietary protocols
are necessary to make definitive conclusions. Additionally, a longer follow-up period is
needed to evaluate the long-term effects of preoperative weight loss.
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The Evolution of Very-Low-Calorie Diets:
An Update and Meta-analysis
Adam Gilden Tsai and Thomas A. Wadden

Abstract
TSAI, ADAM GILDEN AND THOMAS A. WADDEN.
The evolution of very-low-calorie diets: an update and
meta-analysis. Obesity. 2006;14:1283–1293.
Objective: Very-low-calorie diets (VLCDs), providing
�800 kcal/d, have been used since the 1970s to induce rapid
weight loss. Previous reviews of the literature have dis-
agreed concerning the relative efficacy of VLCDs vs. con-
ventional low-calorie diets (LCDs) for achieving long-term
weight loss.
Research Methods and Procedures: We sought to update
findings on the clinical use, safety, and efficacy of VLCDs
and to perform a meta-analysis of randomized trials that
compared the long-term efficacy of LCDs and VLCDs.
Original research articles were retrieved by a Medline
search and from prior reviews of VLCDs. Trials were in-
cluded only if they were randomized comparisons of LCDs
and VLCDs and included a follow-up assessment at least 1
year after maximum weight loss. Data were abstracted by
both authors regarding: duration of VLCD, total length of
treatment, attrition, short- and long-term weight loss,
changes in weight-related comorbidities, and adverse ef-
fects.
Results: Six randomized trials were found that met inclu-
sion criteria. VLCDs, compared with LCDs, induced sig-
nificantly greater short-term weight losses (16.1 � 1.6% vs.
9.7 � 2.4% of initial weight, respectively; p � 0.0001) but
similar long-term losses (6.3 � 3.2% vs. 5.0 � 4.0%,
respectively; p � 0.2). Attrition was similar with VLCD and
LCD regimens.

Discussion: VLCDs did not produce greater long-term
weight losses than LCDs. In the United States, the use of
liquid meal replacements as part of a 1000 to 1500 kcal/d
diet may provide an effective and less expensive alternative
to VLCDs. In Europe, VLCDs are used with less intensive
medical supervision than in the United States, which re-
duces the cost of this approach.

Key words: diet, reducing; energy intake; weight loss;
very-low-calorie diet; meta-analysis

Introduction
Very-low-calorie diets (VLCDs)1 reached the height of

their popularity in the United States in 1988 when Oprah
Winfrey announced to her television audience that she had
lost 67 pounds by consuming a liquid diet. Interest in this
approach declined sharply in 1990 when Winfrey reported
that she had regained her lost weight and would “never diet
again.” Despite these market ups and downs, �200,000
Americans used VLCDs in 2004 (personal communication,
J. LaRosa, Marketdata Enterprises, July 20, 2005). Simi-
larly, an estimated 67,800 months’ supply of VLCD prod-
ucts was sold in the European Union in 2000 (1). In addi-
tion, three recent reviews concluded that VLCDs are
associated with greater long-term weight losses than are
conventional reducing diets (2–4).

This article updates a prior review of the use of VLCDs
(5) and presents a meta-analysis of randomized trials that
compared the long-term efficacy of VLCDs with low-calo-
rie diets (LCDs) comprised of conventional foods. The
review concludes by examining the use of meal replacement
plans that have evolved from VLCDs over the past decade.

VLCDs: An Overview
An expert panel convened by the National Heart, Lung,

and Blood Institute (NHLBI) defined VLCDs as diets pro-
viding fewer than 800 kcal/d (6), the same definition used
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by a recent European expert panel (1). The diets are de-
signed to produce rapid weight loss while preserving lean
body mass. This is accomplished by providing large
amounts of dietary protein, typically 70 to 100 g/d or 0.8 to
1.5 g protein/kg ideal body weight (5,7). Protein may be
obtained from a milk-, soy-, or egg-based powder, which is
mixed with water and consumed as a liquid diet. Such diets
may provide up to 80 g carbohydrate/d and 15 g fat/d, and
they include 100% of the recommended daily allowance for
essential vitamins and minerals. Alternatively, protein may
be obtained from a protein-sparing modified fast, consisting
of servings of lean meat, fish, and fowl (8,9). The modified
fast must be supplemented with a multivitamin and 2 to 3
g/d potassium. Both diets require patients to drink 2 L/d
non-caloric fluids (5). The two approaches produce compa-
rable short-term weight losses (10). Thus, the choice of diet
may be left to patient preference. Some investigators se-
verely restrict carbohydrate to induce ketosis, which is
thought to reduce hunger (8–10). However, comparable
hunger ratings have been reported with ketotic and non-
ketotic VLCDs (11).

We note that the definition of a VLCD is arbitrary. A 700
kcal/d diet, for example, would induce a relatively modest
energy deficit in a short, sedentary woman with a resting
energy expenditure (REE) of 1100 kcal/d. In contrast, a
1200 kcal/d diet would induce a substantial energy deficit in
a tall man with an REE of 2500 kcal/d. The man would
seem to have a greater risk of adverse metabolic effects
(described later), even though technically he was prescribed
an LCD and the woman a VLCD. Thus, an alternative
definition of a VLCD is a diet that provides �50% of an
individual’s predicted REE (12).

Clinical Use of VLCDs
In the United States, VLCDs are generally used as part of

a comprehensive intervention that includes medical moni-
toring and a program of lifestyle modification. Care is
provided by a physician, often in conjunction with a dieti-
tian, psychologist, and/or exercise physiologist (5,6,13).
Treatment, including the cost of the VLCD, is typically
$1800 to $2200 for the first 12 weeks, during the period of
rapid weight loss (14). An additional 12 to 14 weeks of
refeeding (in which conventional foods are reintroduced)
and weight stabilization bring total costs for 6 months to
$3000 to $3500 (5).

In European Union nations, VLCDs are frequently used
with less medical supervision than provided in the United
States (1,15,16). In most countries, diet products can be
purchased over-the-counter or from a pharmacist without a
prescription (except in France). As recommended by the
SCOOP-VLCD report, prepared by an expert European
panel, consumers may use a VLCD as a sole source of
nutrition for 3 weeks before seeking medical supervision
(1). (SCOOP refers to Scientific Co-Operation on Questions

Relating to Food.) The report, however, also states that
persons with obesity-related conditions should consult their
physician before starting a VLCD. Thus, although physi-
cians may be involved in identifying appropriate persons for
treatment with a VLCD and for providing medical moni-
toring after the first 3 weeks, they do not have the same
gatekeeping role as their U.S. counterparts. Rossner and
Torgerson (17) have reviewed the Swedish experience with
VLCDs and concluded that such programs can be provided
largely by dietitians and nurses, lessening the need for
physician involvement. We note that some companies in the
United States sell VLCDs directly to consumers (14), whom
they tell to consult with their physician before dieting.
However, medically unsupervised use of these diets falls
outside the guidelines recommended by expert panels in the
United States.

Safety
VLCDs are considered safe and effective when used by

appropriately selected individuals under careful medical
supervision (5). The diets are designed for patients with a
BMI � 30 kg/m2, a group at increased risk of cardiovascu-
lar morbidity and mortality and that also may derive the
most benefit from substantial weight loss. In the United
States, all candidates for a VLCD are expected to undergo
a history and physical examination to determine medical
and behavioral contraindications to treatment, as described
in previous reviews (5,7). As noted previously, a similar
recommendation applies in Europe to individuals who have
significant comorbidities (1).

Patients in medically supervised VLCD programs in the
U.S. are monitored by a physician approximately every 2
weeks during the period of rapid weight loss (i.e., 1.5 to 2.5
kg/wk). During this time, they are at increased risk of
gallstones, cold intolerance, hair loss, headache, fatigue,
dizziness, volume depletion (with electrolyte abnormali-
ties), muscle cramps, and constipation (5,15,16,18). These
side effects are usually mild and easily managed.

Cholelithiasis has been studied in detail (19–25). In an
early study, gallstones developed in 25% of patients during
8 weeks of VLCD, and 6% of patients eventually required
cholecystectomy (19). In a second trial, asymptomatic gall-
stones occurred in �12% of patients within 6 months of
starting a VLCD, and approximately one-half of these in-
dividuals eventually became symptomatic, requiring chole-
cystectomy (20). The risk of cholelithiasis can be decreased
by administration of ursodeoxycholic acid (21,22), includ-
ing a moderate amount of fat in the diet (23,24), and
limiting the rate of weight loss to 1.5 kg/wk (25).

In Europe, VLCDs apparently have not been associated
with a higher than expected rate of cholelithiasis. This has
been attributed to the inclusion of at least 7 grams of fat in
meal replacement regimens sold in Europe, as reported by
Festi et al. (23).

Meta-analysis of VLCDs, Tsai and Wadden
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Unsupervised use of VLCDs can result in serious com-
plications, including death (18,26). The great majority of
fatalities related to VLCDs occurred in the 1970s when
dieters consumed products that contained low-quality pro-
tein (i.e., hydrolyzed collagen) and were deficient in vita-
mins and minerals. Of 60 persons who died in the United
States, most developed cardiac complications after a loss of
�30% of initial weight, achieved in an average of 4 months.
No deaths were reported in persons who dieted for 8 weeks
or fewer (for a full review of this issue, see 26–28).

The SCOOP-VLCD report (1) noted that there have been
no documented deaths attributable to VLCDs since their
inclusion in the early 1980s of high-quality proteins (i.e.,
milk, egg, or soy). Nonetheless, in the United States, there
were six reports of death during this time in persons who
consumed the Cambridge Diet (which provided 330 kcal/d
at the time) (26). Observational data clearly can lead to
different conclusions about the safety of a product because
of differences in the way the product is used (e.g., duration
of use) or in the populations that use it (e.g., lean vs. obese
individuals). As used in European Union nations, for exam-
ple, dexfenfluramine appeared to be safe, whereas in the
United States, where dexfenfluramine and fenfluramine
were used for longer periods than in Europe, these medica-
tions were found to be associated with valvular heart disease
(29). Thus, although VLCDs seem to be safe when con-
sumed for brief periods without medical supervision, long-
term unsupervised use of a VLCD could be associated with
significant health complications (as could any hypocaloric,
reducing diet).

Efficacy of VLCDs for Weight Loss
Most evaluations of VLCDs have consisted of single-site

case series conducted at academic medical centers or in
individual physician practices. Most studies found that pa-
tients who completed a comprehensive VLCD program
(that included lifestyle modification) generally lost 15% to
25% of initial weight in 3 to 4 months (2,3,15,16,30–32).
Attrition in these programs typically ranged from 25% to
50% during the first 3 to 6 months, and patients generally
regained 40% to 50% of lost weight 1 to 2 years after
treatment, in the absence of follow-up care (30–32).

The NHLBI expert panel did not recommend the use of
VLCDs over LCDs providing 1000 to 1500 kcal/d of con-
ventional foods (6). The panel’s conclusion was based on
data from randomized trials that showed no differences in
long-term weight losses between VLCDs and LCDs, prin-
cipally because of greater weight regain after VLCDs (6).

Despite this expert panel’s conclusion, the majority of
individual randomized trials showed slightly larger long-
term weight losses for persons prescribed VLCDs. Ander-
son and colleagues, in a meta-analysis of long-term studies,
concluded that VLCDs were associated with greater long-
term weight reductions than LCDs (2). The studies included

in that review, however, were mostly case series, and the
meta-analysis did not account for the possibility of differ-
ential attrition among patients consuming either a LCD or a
VLCD. Astrup and Rossner (3), in a qualitative review of
several studies, also concluded that the larger initial weight
losses induced by VLCDs were associated with greater
long-term weight losses. Their conclusion assumed that
patients participated in a weight maintenance intervention
that included lifestyle modification. In addition, the Euro-
pean SCOOP-VLCD report noted that long-term weight
losses may be greater after larger initial reductions in weight
(1). Given the conflicting conclusions of these reviews, we
performed a meta-analysis of randomized trials that com-
pared VLCDs and LCDs to determine whether combining
study results would reveal any incremental long-term ben-
efit of VLCDs.

Research Methods and Procedures
Data Sources and Study Selection

A Medline search from 1966 to the present was per-
formed using multiple combinations of the MeSH terms
reducing diet, obesity, energy intake, and weight loss. Bib-
liographies of relevant articles and one quantitative review
(2) and three recent qualitative reviews (3,15,16) were also
searched for additional references. We selected only ran-
domized controlled trials that compared VLCDs and LCDs
and included at least a 1-year follow-up assessment after
maximum initial weight loss was achieved. An exception
was made for a study by Wing et al. (33), in which patients
consumed a VLCD for two separate 12-week periods during
a year. We used weight loss after the second 12-week trial.
Studies that used weight loss medication were excluded.

VLCDs were defined as diets providing �800 kcal/d and
LCDs as those providing 800 to 1800 kcal/d. Over 1000
titles or abstracts were examined, including 16 original
research papers that included long-term comparisons of
VLCDs and LCDs. Of these 16 reports, 14 were randomized
trials. Of the 14 randomized studies, seven were excluded
because they did not include a 1-year follow-up assessment
(after maximum weight loss) (34–40). An eighth study was
excluded because both VLCD and LCD patients were
treated concomitantly with weight loss medication (ephed-
rine and caffeine) (41). Thus, six studies were included in
the meta-analysis (Figure 1) (33,42–46). Two additional
studies were identified that included long-term follow-up
comparisons of LCD and VLCD programs (47,48). How-
ever, neither of these studies was a randomized trial, as was
determined by contacting the investigators. There were no
disagreements between the two authors regarding inclusion/
exclusion of individual trials.

For the six studies selected, data were extracted for:
length of treatment with VLCD, total length of therapy,
attrition, short- and long-term weight loss as a percentage of
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initial weight, and changes in obesity-related comorbidities.
Data were extracted independently by both authors and then
compared for any discrepancies.

Statistical Analyses
Differences between the two dietary regimens in both

short- and long-term weight loss were computed as: (per-
centage of initial weight lost for VLCD) � (percentage of
initial weight lost for LCD). Analyses using weight loss in
kilograms also were conducted and yielded the same statis-
tical conclusions. Differences in attrition also were com-
puted as: (VLCD � LCD). Given the varying lengths of
follow-up, attrition was standardized as the percentage of
the sample that dropped out per month. In one trial (42),
there were three treatment groups, but data were analyzed
only for the two groups that received the same behavioral
counseling with and without VLCD. This was done to
assess the true incremental effect of a VLCD when added to
a standard behavioral intervention. All data were subjected
to heterogeneity testing using the Q statistic (49). Hetero-
geneity was found for most comparisons; thus, a random
effects model was used (50). Regression analysis was used
to test for associations between study characteristics and the
between-group difference in weight loss. All analyses were
conducted using Stata version 8.2 SE (Stata Corporation,
College Station, TX).

Data Imputation
In one study, the standard deviations (SDs) of the long-

term weight losses were not given (43). Thus, using the
other five studies, we calculated the SD as a percentage of
the mean weight loss. We then used this percentage to
impute an SD for the study with missing data.

Results
Sample

The six randomized controlled trials were published be-
tween 1989 and 1997 (33,42–46). Four of the studies were
conducted in the U.S., one in Sweden, and one in multiple
countries (i.e., Sweden, Norway, and Denmark). Individual
level data were not available from these studies. Therefore,
although the combined number of participants in these trials
was 314, the N for our analysis was 6.

As shown in Table 1, the majority of studies enrolled
patients with a BMI of 35 to 40 kg/m2. Two studies enrolled
only women (42,45), and two other trials enrolled only
patients with type 2 diabetes (33,44). Participants were
prescribed VLCDs for 8 to 24 weeks, and the total length of
treatment ranged from 6 to 26 months. Three studies used
liquid meal replacements (43,45,46), one used a protein-
sparing modified fast (42), and two studies used a combi-
nation of the two approaches (33,44). In three studies,
patients were provided with exercise goals, which consisted
of daily walking (33,42,43). For the LCD group, all six
studies prescribed hypocaloric diets comprised of conven-
tional foods, with energy goals ranging from 1000 to 1800
kcal/d.

Attrition
Attrition per month across the six studies was 0.8 � 0.7%

for the VLCD group and 0.9 � 0.4% for the LCD group
(p � 0.2). Overall attrition in the six studies was 22.3% for
VLCD groups (range, 14.6% to 40.7%) and 22.6% for LCD
groups (range, 0% to 51.9%) over a mean of 29 � 18
months.

Short-Term Weight Loss
Participants in the VLCD and LCD arms of the studies

lost a mean of 16.1 � 1.6% and 9.7 � 2.4% of initial
weight, respectively. The mean difference of 6.4 � 2.7%
was highly significant (p � 0.0001), revealing the short-
term superiority of the VLCD regimen, which was pre-
scribed for a mean of 12.7 � 6.4 weeks. Figure 2 shows the
difference in weight loss between groups (i.e., VLCD �
LCD) for each of the six studies. Five of the six studies
reported data for completers only, whereas one study used
an intention-to-treat analysis, with the last observation car-
ried forward for dropouts. Our analysis is based on the data
provided in the reports. (We did not have access to the raw
data to reexamine the findings using a last-observation-
carried forward or baseline-carried forward analysis.)

Long-Term Weight Loss
At follow-up assessment, which ranged from 1 to 5 years

(mean � 1.9 � 1.6 years) after completing the VLCD, mean
weight losses in the VLCD and LCD groups were 6.3 �
3.2% and 5.0 � 4.0% of initial weight, respectively. As
shown in Figure 3, the difference between groups was 1.3 �

Figure 1: Flowchart for conducting the literature review.
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5.1%, which was not statistically significant (p � 0.2).
VLCD and LCD patients regained 62% and 41% of lost
weight, respectively.

Changes in Weight-Related Comorbidities
Four studies assessed changes in comorbid conditions at

long-term follow-up (33,43–45). In a study by Wing et al.
(44), participants in both dietary groups began treatment
with a hemoglobin A1c (HbA1c) value of 10.4%. At Week
72 (1 year after a 20-week program), a decrease of 1.2
percentage points was observed in VLCD patients, com-
pared with an increase of 1.4 points in the LCD group (p �
0.01). This difference in HbA1c was observed despite com-
parable weight losses in the two groups of 8.4% and 6.5%,
respectively, at Week 72. (Changes in lipids in the two
groups did not differ significantly.) A second study, how-
ever, by the same investigators, failed to replicate the dif-
ference in glycemic control at a 2-year follow-up (33).
HbA1c increased by 0.1 and 0.2 percentage points in the
VLCD and LCD groups, respectively, with weight losses of
6.8% and 5.3%. There also were no significant differences
between groups in changes in lipids or systolic blood pres-
sure (33). Diastolic blood pressure fell by 8 mm Hg in the
VLCD group, compared with a 3 mm Hg reduction in the
LCD group (p � 0.03), but this finding was not observed in
the first study by Wing et al. (44). Ryttig et al. (43) found
no significant changes within groups in glycemic control,
blood pressure, or lipids for either group at 2 years, despite
weight losses of 5.1% and 4.7% for the VLCD and LCD
groups, respectively. Wadden et al. (45) reported greater
decreases in binge eating among LCD- as compared with
VLCD-treated patients, with similar weight losses at long-
term follow-up. Changes in cardiovascular disease risk fac-
tors were not measured.

Adverse Events
No study reported any serious adverse events attributable

to the VLCD. No symptomatic cholelithiasis was reported
among VLCD participants in any of the trials. Ryttig et al.
reported mild reversible alopecia in 35% of VLCD patients,
compared with 2% of LCD participants (43). In the first
study by Wing et al. (44), an increase in uric acid was seen
in the VLCD group, although no patients developed clinical
symptoms of gout. In the second study by Wing (33),
transient cold intolerance, constipation, and alopecia were
common in the VLCD group.

Study Characteristics and Weight Loss
The difference between groups in weight loss (i.e.,

VLCD � LCD) was not associated with the length of time
the VLCD was used or with the total length of therapy. This
was true for both short- and long-term weight loss. Even
within the VLCD group, duration of VLCD use and total
length of therapy were not associated with greater weight
loss. There also were no associations between demographic
variables, such as BMI or gender, and the difference be-
tween groups in weight loss. There were no differences in
weight loss for the two studies that received partial support
from industry, as compared with the four studies that were
not industry-funded.

Discussion
This meta-analysis of six studies showed that VLCDs

induced significantly greater short-term weight losses than
LCDs but comparable long-term changes in weight. The
equivalence of long-term losses was attributable to greater
weight regain among the VLCD-treated patients. The
present findings support the conclusion of the NHLBI ex-

Figure 2: Differences between the VLCD and LCD groups (i.e.,
VLCD � LCD) in short-term percentage reduction in initial
weight. All values are mean � standard error. Results shown are
from references 33 and 42 to 46.

Figure 3: Differences between the VLCD and LCD groups (i.e.,
VLCD � LCD) in the long-term percentage reduction in initial
weight. All values are mean � standard error. Results shown are
from references 33 and 42 to 46.
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pert panel that VLCDs not be recommended in lieu of LCDs
comprised of conventional foods (6). The strength of the
present conclusion resides in the examination of studies that
directly compared VLCDs and LCDs, in head-to-head trials,
rather than extrapolating across investigations, in which
only one or the other diet was used (2). Results of this
analysis should resolve the conflicting conclusions of prior
reviews (1–5). We note that the present findings represent a
best case scenario for both dietary approaches because data
were provided for treatment completers only in five of six
studies. Also, the relative absence of adverse events re-
ported in VLCD participants in these six trials (particularly
that no patient developed symptomatic cholelithiasis) may
have been attributable to lack of detailed assessment.

The short-term weight losses clearly favored the use of
VLCDs. Thus, these diets potentially would be a more
attractive option if there were effective methods of main-
taining lost weight. Several studies have addressed this issue
using medications or behavioral weight maintenance coun-
seling. Apfelbaum et al. (51) showed that, after 4 initial
weeks of a VLCD, during which patients lost 7.6 kg, those
randomized to 1 year of treatment with sibutramine
achieved a cumulative loss of 12.8 kg at the end of this time,
compared with a loss of 7.1 kg for placebo-treated individ-
uals (p � 0.004). Mathus-Vliegen (52) prescribed a VLCD
for 3 months, which induced an initial weight loss of 15.2
kg. Participants were then randomly assigned to sibutramine
(10 mg/d) or placebo for an additional 15 months. At month
18, patients in the sibutramine group maintained a loss of
10.7 kg, compared with 8.5 kg for those prescribed placebo
(p � 0.008). Thus, sibutramine slowed but did not prevent
weight regain after a 15-kg loss. A study that combined the
use of a VLCD with dexfenfluramine revealed similar find-
ings. Patients lost 15% of initial weight in the first 6 months
but maintained a loss of only 10% at 1 year, despite remain-
ing on medication the entire time (53). Dexfenfluramine
was removed from the market in 1997 because of its asso-
ciation with valvulopathy (54). Further studies are needed of
medications on the horizon, such as rimonabant (55), to
determine whether they can sustain the 15% to 25% reduc-
tions in initial weight achieved with VLCDs.

Several studies have investigated the benefits of behav-
ioral weight maintenance therapy after the period of rapid
weight loss with a VLCD. Such treatment provides weekly
or biweekly group meetings, training in relapse prevention,
and encouragement to adhere to diet and exercise recom-
mendations. In a non-randomized study, patients with ex-
treme obesity who attended weekly small group meetings
for 2 years maintained a loss of 15.2% at the end of this
time, after losing a maximum of 27.3% (32). In a random-
ized trial, patients who lost 11.9 kg in 6 months by con-
suming a 1200 kcal/d diet of conventional foods maintained
a loss of 12.2 kg a year later while attending 39 group
behavioral maintenance sessions (45). In contrast, persons

who lost 21.5 kg (during the first 6 months) by adhering to
a VLCD maintained a loss of only 10.9 kg, despite receiving
the same 39 maintenance sessions. Poor maintenance of
weight loss was also observed in a follow-up trial in which
patients, after a loss of �20 kg, received biweekly mainte-
nance sessions combined with either placebo or sertraline
(56). An additional randomized trial showed that VLCD-
treated patients who lost 14.8 kg regained 50% to 80% of
lost weight 18 months after the end of treatment and did not
benefit from individualizing the rate of refeeding or using
meal replacements during maintenance (57). Two studies of
exercise to facilitate weight maintenance after a VLCD
yielded mixed results (58,59).

Together, these findings suggest that efforts to maintain
mean weight losses of 15% to 25% of initial weight are
unlikely to be successful in a majority of patients, given
current behavioral therapy and behavioral and pharmaco-
logic therapies (i.e., sibutramine and orlistat). Factors re-
sponsible for weight regain after treatment with VLCD may
include behavioral fatigue (60) in adhering to rigorous diet
and exercise regimens in the presence of a toxic environ-
ment, as well as compensatory changes in peripheral and
central hormones that regulate appetite and energy expen-
diture (61–63). At present, bariatric surgery appears to be
the only reliable method of sustaining weight losses of 20%
or more of initial weight (64).

Cycles of weight loss and regain do not seem to have the
adverse health and metabolic consequences once feared
(65). Thus, patients potentially could be encouraged to lose
as much weight as possible through aggressive dieting, even
if weight regain were likely (as indicated by the present
meta-analysis). This approach, however, overlooks the sub-
stantial costs of medically supervised VLCDs in the United
States. Even if the costs of meal replacements during a
VLCD (i.e., about $10 a day) were canceled out by the usual
costs of food, a 12-week program would still run approxi-
mately $1000 because of the extensive medical supervision
required during rapid weight loss (14). These costs make
VLCDs impractical for persons of low socioeconomic sta-
tus, including minority members, in whom the rates of
obesity are disproportionately high (66,67). As described
previously, the European experience differs because the
lack of mandatory medical supervision decreases the cost of
using a VLCD. The cost of medical monitoring after the 3rd
week on a VLCD probably varies from country to country
within the European Union and may not result in significant
out-of-pocket expenses for patients in some nations.

In the United States, one solution to the high costs and
rapid weight regain associated with VLCDs is the use of
liquid meal replacements as part of a 1000 to 1500 kcal/d
diet that includes conventional foods. This latter regimen is
designed to induce a mean loss of �10% to 12% of initial
weight (68,69). The higher calorie level reduces the need for
intensive medical monitoring and, thus, should decrease
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costs. Although the use of a 1000 to 1500 kcal/d partial meal
replacement plan will not induce initial losses as great as
those produced by all-liquid VLCDs, these greater losses
presently cannot be maintained.

As used on an outpatient basis, partial meal replacement
plans facilitate greater weight loss than the prescription of
equivalent-calorie diets comprised solely of conventional
foods. Heymsfield et al. (70) performed a meta-analysis of
six randomized trials (71–76) that compared traditional
LCDs (comprised of conventional foods) with isocaloric
diets in which two meals and two snacks per day were
replaced with a liquid diet and/or meal bars. They found
significantly greater weight loss (of �2.5 kg) at 3 months
and at 1 year among participants who used the partial meal
replacement plans (70). Since the publication of the meta-
analysis, one additional randomized trial found greater
weight loss with a meal replacement plan than with a
conventional diet (77). A second randomized study found
equal weight losses among the two groups (78).

How do meal replacements induce greater weight loss?
Obese individuals typically underestimate their calorie in-
take by 40% to 50% when consuming a diet of conventional
foods (79) because of difficulty in estimating portion sizes,
macronutrient composition, and calorie content and in re-
membering all foods consumed. Meal replacements seem to
decrease these difficulties and simplify food choices (7).
Portion-controlled servings of conventional foods similarly
facilitate weight loss, as shown by Jeffery et al. (80) and
other investigators (81,82).

Further research is needed to determine the optimal ma-
cronutrient composition of meal replacements for treating
obese persons with different weight-related conditions in-
cluding type 2 diabetes, hypertension, and hyperlipidemia.
Preliminary findings, for example, suggest that high-pro-
tein, low-carbohydrate diets may substantially improve gly-
cemic control in obese patients with type 2 diabetes (83) and
may be more effective, in this regard, than traditional,
low-fat reducing diets (84). The first of two studies con-
ducted by Wing et al. (44) similarly observed superior
glycemic control among patients treated with a high-protein
VLCD than with a more traditional, low-fat LCD, despite
comparable weight losses. However, widespread adoption
of the low-carbohydrate approach for diabetic patients
should await further long-term safety data concerning lip-
ids, cardiovascular and renal disease, and bone mineral
density.

Persons prescribed a 1000 to 1500 kcal/d partial meal
replacement plan as part of a comprehensive behavioral
approach are likely to lose 10% to 12% of initial weight in
the first 12 to 16 weeks (68,69). A minority of individuals
may continue to lose substantially larger amounts of weight,
an occurrence that need not be discouraged. The National
Weight Control Registry has shown that some obese indi-
viduals can lose and maintain reductions of 25% to 30% of

initial weight (achieved by a variety of different ap-
proaches) (85). However, except in highly selected cases,
we do not recommend the use of expensive VLCDs to
induce losses of 15% to 25% of initial weight, when the
present findings indicate that few patients will be able to
maintain these losses, even under the best of circumstances.
In contrast, numerous studies have shown that obese indi-
viduals can maintain (for 1 year or more) mean losses of
10% to 12% of initial weight when provided behavioral
weight maintenance therapy (45,86–88) or pharmacother-
apy (89,90). Weight losses of this size clearly are associated
with significant improvements in health and well being (6),
including a reduction in the risk of developing type 2
diabetes (91,92).
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Summary

First identified as a feasible treatment for intractable epilepsy, the ketogenic diet

(KD) has recently gained popularity thanks to growing evidence on applications such

as weight loss, most importantly, but also NAFLD, cancer, neurologic conditions and

chronic pain. As with any treatment, whether pharmacologic or not, the KD might

not be an appropriate intervention for every individual, and a number of contraindi-

cations have been proposed, now deeply rooted into clinical practice, excluding de

facto many patients that could benefit from its use. However, many of these con-

cerns were expressed due to the absence of clinical studies conducted on fragile

populations, and an assessment of lately emerged evidence relative to KD safety is

currently lacking and much needed. We herein provide a critical revision of the litera-

ture behind each safety alert, in order to guide through the treatment options in the

case of subjects with an indication to the KD and a borderline safe situation. Based

on available evidence, the possible use of this diet as a therapeutic intervention

should be assessed on a patient-to-patient basis by adequately skilled medical doc-

tors, keeping in mind current recommendations, but reading them through the knowl-

edge of the current state of the art.

K E YWORD S

low-carbohydrate diet, safety, very low-calorie diet, VLCKD

1 | INTRODUCTION

The ketogenic diet (KD) is defined as a dietary manipulation character-

ized by a very low carbohydrate content (5%–10% of total daily calo-

rie intake, or 20–50 g per day1,2), but the macronutrient composition

may vary, defining different ways to reach nutritional ketosis. High-fat

ketogenic diets (HFKD) are characterized by a restriction of carbohy-

drates <50 g/day, with ad libitum fat and calorie intake. Despite their

initial introduction as a treatment for refractory epilepsy, they are

currently the most widespread weight loss oriented KD. The very

low-calorie KD (VLCKD) is a subtype of very low-calorie diet (VLCD),

also referred as protein-sparing modified fast (PSMF), that usually

relies on meal replacements based on protein derived from whey, soy,

eggs and green peas. VLCDs are characterized by extreme energy

restriction (400–800 kcal/daily), that, if not associated with major car-

bohydrate intake reduction, is not necessarily capable of inducing

ketosis.3 The European Food Safety Authority (EFSA) defined a VLCD

to be ketogenic when carbohydrate content is below <30–50 g/day
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and fats account for 15%–30% of total caloric intake.3 However, it

should be noted that the carbohydrate and calorie intake under which

an individual enters ketosis is subjective, making the line between

starvation and nutritional ketosis subtle.

Dietary manipulation does not usually recognize specific contrain-

dications as pharmacological interventions do, hence the lack of a

‘drug facts label’ for the KD. However, ketone bodies are now proven

to be signalling, drug-like, mediators.4 Moreover, the VLCKD is a fairly

extreme dietary manipulation possibly leading to serious adverse

events when not medically supervised. A recent Italian consensus has

therefore updated indications and contraindications to the VLCKD,5

implementing those proposed initially,6 similar to what reported by

other authors in the United States.7

The applications of the KD are now diverse and ever increasing,

the most validated being obesity and refractory epilepsy, but with an

emerging role in the treatment of neurological disorders, cancer,

NAFLD, type 2 diabetes and chronic pain among many others.5 With

the prevalence of obesity steadily growing, and the several newly pro-

posed fields of application, it is more and more frequent to face situa-

tions where the patient could benefit from a KD and also suffers from

co-morbidities or conditions contraindicating its use according to the

current recommendations.5–7

We herein aimed at providing an updated and critical revision on

the evidence underlying each current safety concern (Table 1). We

report that most studies are low quality, sample size often very small,

and duration usually quite short, making no definitive conclusion pos-

sibly be drawn. However, based on current evidence, it seems reason-

able to recommend that a patient-to-patient tailoring be made by

experienced physicians, possibly reconsidering many alerts proven

questionable (Table 2).

2 | MATERIALS AND METHODS

An updated literature review was conducted to investigate the

safety profile of the KD in specific fragile populations. The research

was conducted on MEDLINE, EMBASE and Cochrane Database by

using the keywords reported in Table S1. We initially selected rele-

vant studies meeting the following criteria: (1) case-reports, case

series, case-control studies, cohort studies, observational prospec-

tive and retrospective studies, randomized clinical trials; (2) reported

safety outcomes following any kind of KD; (3) no age limitation;

(4) sufficient detail about nutritional intervention reported; and

(5) studies written in English or Japanese or Italian. Case reports

and case series were then excluded if higher quality data was avail-

able. Preclinical studies were occasionally included if no clinical

study was retrieved or when the findings were of particular interest

according to the authors.

A total of 1034 manuscripts were identified through database

search and reference lists of retrieved articles. After removal of

821 studies based on title and abstract or for being duplicates, 213 full

text articles were assessed and 52 included in the present study

(Figure 1).

3 | REPORTED CONTRAINDICATIONS TO
THE KETOGENIC DIET

3.1 | Liver failure

Nonalcoholic fatty liver disease (NAFLD) is nowadays the second

cause of liver transplant in the United States.60 A relevant body of evi-

dence suggests a protective role of KDs in its pathogenesis, possibly

going beyond simple weight loss: virtually all studies assessing liver fat

content report positive results after all kinds of KDs, including those

with a high fat content.9

Noteworthy, malnutrition is a common issue in chronic liver dis-

ease.61 The 2019 Guidelines of the European Association for the

Study of the Liver therefore recommend consuming an adequate

number of calories and protein. To avoid hepatic encephalopathy, it is

suggested to privilege vegetable and dairy protein and decrease the

amount of animal (meat) protein, with no reduction in total protein

intake even when cirrhosis is present, unless directed by a health pro-

fessional.62 However, with the prevalence of obesity increasing all

over the world, and NAFLD being now a common cause of cirrhosis,

over 30% of liver transplant recipients are obese, and weight loss is

strongly encouraged.63 A case series reports that VLCKD treatment

for obesity was well tolerated by two subjects with end stage liver dis-

ease (ESLD) effectively reducing weight with no adverse events, and

possibly improving liver damage.8

Upon close medical monitoring, liver damage may not be exacer-

bated by the KD, that could conversely prove beneficial. An applica-

tion might be retained up until ESLD, although further studies are

needed to recommend it.

3.2 | Chronic kidney disease

Obesity is a well-established risk factor for chronic kidney disease

(CKD),64 and it is therefore common to encounter patients affected

by both severe obesity and renal failure, whom the KD is not pro-

posed due to its relative protein excess that could potentially harm

the kidney. Guidelines are inconclusive on recommendations relative

to protein intake in patients with CKD at early stages, with some

suggesting .8 g/kg body weight,65 and others recommending up to

1.4 g/kg body weight.66 Renal function may be differentially affected

by protein sources, with red meat proving potentially harmful in a

dose dependent way, and other protein sources (fish, egg and dairies)

being less noxious,67 with vegetable derived protein possibly even

playing a protective role.68,69

A systematic review assessing renal outcomes reports that the

kidney seems scarcely affected by VLCDs, although the diets were

heterogeneous in macronutrient composition, and the studies only

included subjects with normal renal function, making the findings not

applicable to those with baseline impaired function.70 In our hands,

kidney function is unaffected in obese individuals with normal glomer-

ular filtration rate (GFR).71 Moreover, we previously showed that kid-

ney function is not altered by VLCKD in patients with mild chronic
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kidney disease (GFR > 60), with almost one third even presenting GFR

normalization after the dietary intervention.10 Noteworthy, VLCKDs

rely on meal replacements whose protein source is whey and plant

derived, and, when gradual reintroduction of other protein sources

occurs, fish, poultry and dairy are strongly recommended over red

meat, with total protein intake being always equal to or lower than

1.5 g/kg/ideal body weight. Taken together, available evidence sug-

gests that a VLCKD, with the profound weight loss usually obtained,

might be an effective tool to manage patients with obesity and mild

kidney failure.

Conversely, very little evidence is available relative to the safety

profile in patients with more prominent kidney function impairment. A

small 12-week study conducted on five patients with obesity and

advanced diabetic nephropathy reported significant improvement in

kidney function together with weight loss after a VLCKD interven-

tion.11 Pointing in the same direction, five patients on haemodialysis

underwent a low-calorie, low carbohydrate diet for a median time of

364 days with no major safety concern and prominent weight loss.12

While considering the use of KD on patients with end stage CKD,

it is crucial to keep in mind that this condition is characterized by lim-

ited capacity to handle acid loads and partial impairment of ketones

urinary excretion. Moreover, in the initial phase of a KD, increased

diuresis will require careful monitoring of goal dry weight if the

patient is on haemodialysis treatment. Another possible side effect is

TABLE 1 Summary of data available regarding each contraindication to the KD

Main contraindications Summary of data

Liver failure All KDs are beneficial towards NASH. Two patients with ESLD on a VLCKD lost weight with no

adverse events.

Kidney disease VLCDs seem not to affect the kidney in healthy patients. Mild CKD may be improved and is not

worsened in obese patients undergoing a VLCKD. 10 patients with obesity and advanced

nephropathy lost weight on a VLCKD with no major safety concern.

Type 1 diabetes One retrospective and one prospective study report that 23 patients withT1D on an HFKD had an

improvement in glycaemic variability with a small increase in the hypoglycaemia risk.

Concomitant use of SGLT-2 inhibitors Several case reports are available regarding the onset of euglycaemic DKA in those consuming

HFKDs while on SGLT-2 treatment.

Pregnancy A teratogenic effect of HFKD is suggested by a case series, and preclinical data partially support the

hypothesis.

Breastfeeding Lactation ketoacidosis is rarely described to happen spontaneously, but a few case reports show an

increased risk when KD is a precipitating factor.

Cardiac arrhythmias Cardiomyopathy and arrhythmias were occasionally reported in epileptic children undergoing an

HFKD due to selenium deficiency. VLCDs caused fatal cardiac arrhythmias in the 1970s due to

inadequate supplementation. A recent prospective study suggests that a low carbohydrate, high

fat diet is associated with increased risk of atrial fibrillation, further studies are needed to confirm

the hypothesis.

Recent stroke or myocardial infarction Preclinical evidence suggests ketone bodies to be protective on ischaemic brain and heart damage.

No clinical data are available yet.

Heart failure The human failing heart uses ketone bodies as a fuel source. One report shows that ketones infusion

was harmless and increased cardiac output significantly in those at an NYHA II-III stage.

Respiratory failure A study in lean subjects with COPD on LCD reports significant improvement and no adverse events.

Unreplicated small studies from the 1980s showed that an HFKD was beneficial in patients with

respiratory failure or on mechanical ventilation.

Active/severe infections Clinical studies on KDs do not report a clear immunosuppressive effect. Preclinical data suggest a

possible protection towards viral infections.

Frail elderly patients, history of mental

disorders and substance abuse

No studies or reports are available.

Elective surgery or invasive procedures Fasting related perioperative ketosis seems not to increase acidosis risk. Preoperative VLCD may

induce hypovolaemia possibly increasing the risk of perioperative complications. Adverse events

were not reported when a VLCKD was interrupted 24 h before surgery.

Malignancy KD does not cause major adverse events around cancer treatment.

Increased serum uric acid and abnormal lipid

profile

KDs might induce mild worsening short term, with following improvement or no change in patients

with obesity. Sustained dyslipidaemia is observed in lean epileptic subjects on HFKD.

Rare disorders No studies or reports are available.

Abbreviations: T1D, type 1 diabetes; DKA, diabetic ketoacidosis; ESLD, end stage liver disease; NASH, nonalcoholic steatohepatitis; CKD, chronic kidney

disease; NYHA, New York heart association functional classification; COPD, chronic obstructive pulmonary disease; VLCKD, very low-calorie ketogenic

diet; HFKD, high fat ketogenic diet; LCD, low carbohydrate diet.
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electrolyte imbalance, and most commonly hyperkalaemia; hence,

repeat testing is warranted for an early diagnosis.

Given the scanty—although promising—evidence, with a total of

only 10 patients being studied, it is of utmost importance to accu-

rately assess pros and cons of such dietary intervention in advanced

stage renal failure.

3.3 | Type 1 diabetes

Type 1 diabetes (T1D) is possibly the most well-described contraindi-

cation to the KD due to the increased risk of diabetic ketoacidosis and

possible hypoglycaemia. However, it is more and more common to

encounter patients affected by both T1D and weight excess, where a

TABLE 2 Summary of reported contraindication to the KD with theoretical reason in support to each, population where safety outcome was
evaluated, type of dietary intervention, and critical revision based on available evidence

Main contraindications

Main arguments in support

of contraindications Population Diet

Critical revision of the

contraindications

Liver failure Exacerbation of liver

damage

Obesity with ESLD8 and

NASH9

VLCKD,8,9

HFKD9

Skilled hepatologist to

evaluate in ESLD, safe and

therapeutic in NASH

Chronic kidney disease Exacerbation of kidney

damage

Obesity with mild10 and

severe CKD11,12

VLCKD10–12 Safe in mild disease, skilled

nephrologist to evaluate in

end stage disease

T1D Hypoglycaemia and DKA LeanT1D13,14 HFKD13,14 Skilled diabetologist to

evaluate, continuous

glucose monitoring

Concomitant use of SGLT-2

inhibitors

Euglycaemic DKA T2D15–19 HFKD15–19 Not recommended

Pregnancy and

breastfeeding

Ketoacidosis Epilepsy and pregnancy,20

breastfeeding21
HFKD,20,21

VLCKD21

Not recommended

Cardiac arrhythmias Sudden death and

cardiomyopathy

Obesity,22–25 paediatric

epilepsy,26–28 general

population29

VLCKD,22–25

HFKD,26–28

LCD25,29

Skilled cardiologist to evaluate

Recent stroke or myocardial

infarction

Increased risk of arrhythmia Preclinical30–37 Skilled cardiologist to evaluate

Heart failure Increased risk of

arrhythmia,

hydroelectrolitic

alterations

NYHA II-III38 bOHb infusion38 Avoid in NYHA IV, skilled

cardiologist to evaluate in

other cases

Respiratory failure Acidosis Lean COPD,39 mechanical

ventilation,40,41 respiratory

failure42–44

LCD,39

HFKD,40–42,44

VLCKD43

Skilled pneumologist to

evaluate

Active/severe infections Immunosuppression Cancer,45 general

population,46 paediatric

epilepsy,47 obesity,48,49

preclinical50

HFKD,45–47

VLCKD48,49

Generally not recommended

Frail elderly patients, history

of mental disorders and

substance abuse

Reduced compliance,

increased risk of adverse

events

n/a n/a Only consider if adequate

support and monitoring

available

Elective surgery or invasive

procedures

Ketoacidosis Obesity,51,52 adult undergoing

surgery53
VLCKD,51,52

12 h fasting53
Not recommended

Malignancy Malnutrition, exacerbation

of common side effects

Cancer,54 preclinical55 HFKD54 Avoid in kidney cancer and

melanoma, avoid VLCKD

Increased serum uric acid

and abnormal lipid profile

Exacerbation of metabolic

abnormality

Obesity,56–58 lean paediatric

epilepsy59
VLCKD,56,57

HFKD58,59

Extra caution if lean subject

with baseline abnormalities

or when long term

treatment is foreseen

Rare disorders Impaired ketogenesis,

increased risk of relapse

n/a n/a n/a

Abbreviations: T1D, type 1 diabetes; DKA, diabetic ketoacidosis; ESLD, end stage liver disease; NASH, nonalcoholic steatohepatitis; CKD, chronic kidney

disease; T2D, type 2 diabetes; NYHA, New York heart association functional classification; COPD, chronic obstructive pulmonary disease; VLCKD, very

low-calorie ketogenic diet; HFKD, high fat ketogenic diet; LCD, low carbohydrate diet; bOHb, beta hydroxy butyrate.
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change in dietary habits is necessary. The latest American Diabetes

Association (ADA) guidelines do not support one eating plan over

another, but education on carbohydrate counting is highly

encouraged.72

In a retrospective study investigating the safety of an HFKD

together with its efficacy in improving glucose control, 12 subjects

with T1D followed an intense glucose monitoring (>4 times daily) and

strictly titrated insulin regimen (<7 IU) while dieting. No severe hyp-

oglycaemic events and a significant A1C reduction after 18 months of

treatment were reported.13 Pointing in the same direction, a recent

report on 11 subjects with T1D on continuous glucose monitoring

consuming an HFKD suggests glycaemic benefits in the form of

decreased variability, a well-established cardiovascular risk factor.73,74

However, in this case, it came at the cost of increased risk of

hypoglycaemia.14 Because of the heterogeneity of the studies and the

lack of high-quality prospective trials, it is not possible to finally con-

clude whether KDs can be safely used in patients with T1D. More-

over, current evidence aimed at assessing a possible application of the

KD to improve glucose control in T1D, rather than investigating its

safety in those with T1D consuming it for other purposes such as

weight loss. Overall, the scanty literature available suggests that its

application might be considered in very selected cases, such as the

concomitant presence of T1D and obesity or wide prandial excur-

sions, always in the hands of experienced health professionals and

with the aid of continuous glucose monitoring. It should be kept in

mind that the cost-to-benefit ratio might be unfavourable in some

individuals, and further testing is needed to better identify those pos-

sibly candidate to its use.

3.4 | Concomitant use of SGLT-2 inhibitors

Since the introduction of the glucose lowering class of drugs sodium–

glucose cotransporter-2 inhibitors (SGLT2-i), several reports have

been published regarding the risk of euglycaemic diabetic ketoacidosis

(DKA) in those consuming HFKDs while on SGLT-2 treatment for type

2 diabetes.15–19 SGLT2-i increase glucose urinary excretion by

inhibiting the sodium and glucose reuptake in the kidney. In addition

to the daily loss of �60–70 g/day,75 SGLT2-i also decrease insulin

secretion and hyperglucagonaemia promoting lipolysis and ketogene-

sis.76 As SGLT2-i facilitate ketosis, concomitant severe insulin impair-

ment or significant dietary carbohydrate restriction might lead

to DKA.

The reportedly normal glucose levels make such a diagnosis diffi-

cult to be formulated unless suspected. As this is a life-threatening

condition, it seems advisable to strongly recommend against the con-

comitant use of this class of medications while on any kind of KD.

3.5 | Pregnancy and breastfeeding

Unsurprisingly, no clinical study is available relative to the use of KDs

in pregnant women, with one case-series on two women suggesting a

possible teratogenic effect of an HFKD as a treatment to refractory

epilepsy.20 Preclinical studies report a significant reduction in the

cerebral blood flow, reduced glucose utilization similar to metabolic

encephalopathies, and embryonic growth retardation,77 but it should

be noted that the KD given to rodent models is highly insufficient in

protein and not comparable to a KD usually prescribed to human

beings, making results scarcely translational.78

Lactation ketoacidosis is a well-described condition in cows, and

it occurs as the high demand of glucose leads to fat mobilization, keto-

sis and ultimately acidosis under certain circumstances. Lactation

ketoacidosis is rarely described to happen spontaneously in women,

but a few case reports show an increased risk when KD is a precipitat-

ing factor.21

Given the potentially serious adverse events and the limited time

that these conditions make KD not recommendable, it is reasonable

to conclude that the KD should never be suggested in pregnant and

breastfeeding women.

3.6 | Cardiac arrhythmias

VLCDs became very popular in the 1970s thanks to the rapid weight

loss obtained, but soon, several fatal cardiac arrhythmias were

reported in association with their use.22 The absence of appropriate

electrolyte supplementation and the use of low quality protein led to

F IGURE 1 Flow chart of publications selection
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such dramatic consequences, and nowadays, these complications are

anecdotal.79 However, the presence of baseline EKG abnormalities

might potentially pose at increased risk of malignant arrhythmias upon

KD consumption, although the little available evidence suggests it not

being a common precipitating factor23,26 unless accompanied by other

concurring conditions.24 Noteworthy, obesity is itself a risk factor for

prolonged QT,80 and it has been shown that weight loss in general,

and both a low carbohydrate and a VLCD diet, in particular, are able

to shorten the QT interval significantly.25,80 Some cases of children

undergoing an HFKD to treat refractory epilepsy and incurring in sele-

nium deficiency are reported, causing cardiomyopathy and prolonged

QT interval, with lethal outcomes on some occasions. It is therefore of

particular importance to make sure that selenium supplementation is

appropriate while following a ketogenic diet.27,28 A recent prospective

cohort study demonstrated that a low carbohydrate, high fat diet is

associated with increased risk of incident atrial fibrillation. The

authors suggest a possible link with reduced vegetables and fruit

intake with subsequent increase in oxidative stress. Nevertheless, the

association, proposed for the first time, seems to be controversial at

the very least, and further studies are needed to confirm or reject the

hypothesis.29

Overall, the cost-to-benefit ratio of KDs in patients with obesity

might be favourable even in those with baseline prolonged QT inter-

val, provided the patient is accurately monitored, and strict compli-

ance with multivitamin, mineral and electrolyte supplementation is

ensured. However, very low-calorie dietary manipulations are reason-

ably safer to be avoided, especially when protein quality and adequate

supplementation cannot be guaranteed, with less calorie restricted

options to be preferred, always in the hands of skilled cardiologists.

3.7 | Recent stroke or myocardial infarction

Obesity, diabetes, NAFLD and the metabolic syndrome are all strictly

linked and represent major risk factors for cardio- and cerebrovascular

accidents. It is therefore unsurprising to observe the concomitant

presence of these conditions, possibly benefiting from KD treatment,

in those with a recent history of stroke or myocardial infarction, abso-

lute contraindications to such dietary intervention. Interestingly, pre-

clinical evidence suggests a protective role played by nutritional

ketosis and ketone body β hydroxy-butyrate (βOHb) infusion on

ischaemia induced brain and heart damage.30–36 The authors suggest

that ketone bodies may inhibit excitotoxicity, oxidative stress and

apoptosis, avoiding further cellular loss in the penumbra zone around

the necrotic core.

It should be noted that some evidence, upon superficial evalua-

tion, seems to suggest opposite effects. For example, Liu et al. report

increased mortality and greater myocardial injury in rats undergoing

ischaemia reperfusion injury and previously fed a normal protein, high

fat, low carbohydrate diet similar in composition to the Atkins diet

commonly consumed as a form of HFKD in human subjects.37,81,82 If

it has been proven that dietary protein has little contribution to

endogenous glucose production in human subjects,83 making the

Atkins Diet a feasible option to induce nutritional ketosis, the physiol-

ogy of rodents is different, and the same macronutrient ratio leads to

obesity and insulin resistance.84 In fact, nutritional ketosis and weight

loss are only observed in rats and mice when both protein and carbo-

hydrate intake are reduced to less than 10%.78 Therefore, despite the

low carbohydrate content, the dietary model applied by Liu et al. is

not comparable to an HFKD for human purposes, and the results

should not lead to the conclusion that ketone bodies are harmful to

the ischaemic heart.

Current evidence on the effect of ketone bodies on ischaemia-

reperfusion injury outcomes is promising overall but only present at a

preclinical level. It is therefore still not possible to infer on the safety

of a KD in those suffering from recent myocardial infarction or stroke,

even when other co-morbidities could significantly improve following

its use.

3.8 | Heart failure

Obesity is a strong predictor of cardiac insufficiency as seen for acute

cardiovascular accidents.85 However, it is currently recommended

against the induction of nutritional ketosis in patients with heart fail-

ure NYHA III-IV. Noteworthy, it has been proven that the human fail-

ing heart shifts to ketone bodies as a significant fuel source,86 and

myocardial lipid analysis conducted on hearts of nondiabetic, lean,

advanced heart failure patients undergoing cardiac transplant con-

firmed increased ketone utilization.87 Infusion of βOHb was harmless,

and even increased cardiac output significantly in 34 patients at an

NYHA II-III stage,38 suggesting that the present contraindication

should be at least reduced to those with NYHA stage IV, for which no

safety evidence is available to date.

Altogether, it seems reasonable to foresee that more studies will

become available in the next years, possibly confirming a beneficial

effect of ketone bodies on all stages of cardiac failure, thus shortening

the list of contraindications to the KD.

3.9 | Respiratory failure

Excess fat is known to be associated with several respiratory

conditions,88 as obesity is characterized by low-grade systemic

inflammation,89 possibly playing a major role in the pathogenesis of

pulmonary disease.88 Furthermore, fat accumulates within the alveolar

interstitium in obese diabetic rats,90 and recent evidence confirms

accumulation of adipose tissue within the lung of subjects with obe-

sity, its presence correlating with inflammatory infiltrate.91 Therefore,

an intervention leading to weight loss might in theory ameliorate

respiratory failure in subjects with obesity and respiratory failure.

Interestingly, a study conducted in 60 lean individuals with COPD

consuming a low carbohydrate diet (75 g/die, an amount possibly

leading to ketosis in lean individuals, although this was not confirmed

in the study) reports significant improvements as measured by

increase in Forced Expiratory Volume 1 (FEV1) levels and reduction of
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airway resistance.39 Studies from the 1980s showed that an HFKD

was beneficial in 35 patients undergoing artificial ventilation, with a

significant reduction of the time where ventilation was required.40,41

In the same years, some authors suggested that a VLCKD was able to

ameliorate respiratory failure in a total of 22 subjects.42–44 However,

extreme caution should be paid as the sample size was always very

small, and the results were never replicated.

Current evidence is insufficient to determine whether patients

with respiratory failure may safely consume a KD, but an

unexpected, beneficial effect both in lean and obese patients has

been suggested.

3.10 | Active/severe infections

Bovine peripartum ketosis can impair leukocyte localization to infec-

tions, increase the risk of mastitis and impair leukocyte function.92,93

However, clinical studies investigating inflammation markers and/or

white blood cell number or function report variable and contrasting

results, overall pointing towards a neutral effect or even possible

improvement in subjects with obesity undergoing weight loss while

following a KD.45–49 Interestingly, a recent preclinical report suggests

that the KD could even protect against certain viral infections through

activation of protective δ γT lymphocytes.50

Further studies are needed to be conclusive on the role possibly

played by the KD in active or severe infections, and a cost-to-benefit

ratio should be assessed on a patient-to patient basis until clearer evi-

dence is reported.

3.11 | Frail elderly patients, history of mental
disorders and substance abuse

Elderly patients are frequently affected by sarcopenic obesity,94 and

those with mental disorders are often on medications known to pre-

vent weight loss.95 However, administration of a KD to frail and/or

elderly subjects might not be advisable due to several reasons. First,

the KD induces increased urination with possible hypotension and

dehydration, leading to an increase in the risk of falls. Second, some

KDs, such as VLCKDs, require the use of supplements. Elderly

patients might find remembering these challenging, especially when

impaired cognitive ability is present, possibly posing at risk of cardiac

arrhythmias and vitamin deficiencies. Finally, elderly subjects with lim-

ited mobility are at increased risk of decubitus, and some evidence

suggests that wound healing might be impaired during KD

consumption.96

Severe mental illness, similar to impaired cognitive ability and

aging, may lead to reduced compliance in adequate water consump-

tion and constant use of prescribed electrolyte and vitamin supple-

ment crucial to maintain a good safety profile especially during a

VLCKD among all KDs, thus increasing the risk of side effects. Unless

properly assisted and monitored, fragile subjects at increased risk of

poor compliance should avoid the use of VLCKDs.

A separate chapter should be opened for eating disorders such as

Bulimia and Anorexia Nervosa (AN). Carbohydrate counting typical of

KDs may theoretically trigger eating disorders in predisposed subjects.

However, it has been proposed that the KD might be a possible bridge

treatment for those with AN in order to avoid starvation and increase

patient compliance,9 although no clinical evidence has been reported

to support this hypothesis to date.

Finally, abuse of alcohol and some substances increase the risk of

metabolic acidosis under certain circumstances.97 The concomitant

consumption of a KD exacerbates the risk, and it is therefore to be

recommend against the prescription of a KD to those with a history of

alcohol and substance abuse where relapse seems possible, especially

in the absence of adequate support. Noteworthy, a ketogenic diet

seems to be effective in suppressing alcohol cravings both at a pre-

clinical level and in subjects with obesity,98,99 although it should be

kept in mind that the physiology underlying such association might be

very different across species, as the link in rodent models seems to be

an elevation in Fibroblast Growth Factor 21 levels,78,100 whereas such

elevation following a ketogenic diet is not observed in human

beings.101

3.12 | Elective surgery or invasive procedures

The theoretical basis to the recommendation of avoiding ketosis

within 48 h of elective surgery and in the immediate perioperative

period is that acute stress is characterized by the use of large amounts

of glucose, possibly posing at increased risk of ketoacidosis. However,

fasting related perioperative ketosis seems not to pose at increased

risk of acidosis.53 A recent study reports a VLCKD to be interrupted

the day before surgery in 44 prebariatric patients, but no safety out-

comes are shown.51 Of note, a recent case report showed that the

concomitant use of SGLT-2 inhibitors and VLCKD consumption in a

diabetic patient undergoing surgery led to recurrent intraoperative

torsade de pointes.24 Moreover, preoperative VLCD has been shown

to induce hypovolaemia possibly increasing the risk of perioperative

complications in a study including 28 prebariatric patients.52 How-

ever, data relative to the treatment intervention and timing are insuffi-

cient to draw conclusions on such outcome.

Although there is not enough evidence to confirm reduced safety

outcomes in this particular situation, it is reasonable to conclude that

a KD should be interrupted for some time while foreseeing elective

surgery or invasive procedures, and adequate fluid repletion has to be

ensured.

3.13 | Malignancy

Obesity is a well-established risk factor for many cancer types,102 and

long-term survival following tumour resection/treatment is increas-

ingly observed. However, a diagnosis of malignancy is listed as a

contraindication to KDs according to some7 but not all recommenda-

tions.5 This is possibly due to the growing evidence emerged in
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between suggesting a beneficial effect of nutritional ketosis during,

before and after cancer treatment, without significant adverse events

being reported.54 Of note, the KD stands in line with current

nutritional recommendations of the American Institute for cancer

Research (AIRC) and the American Cancer Society regarding the

avoidance of refined grains, alcohol, and sugary drinks, and not in line

relative to the consumption of fresh fruits, whole grain and

legumes.103 It should be acknowledged that preclinical evidence

suggests a possible detrimental effect of an HFKD on melanoma and

kidney cancer outcomes.55 Therefore, KD consumption should be

discouraged in those affected by these solid tumours until further

evidence emerges. For other cancer types, ad libitum KD rather than

VLCKD is usually best, unless rapid weight loss is advisable for specific

reasons.

3.14 | Increased serum uric acid and abnormal lipid
profile

Hyperuricaemia and dyslipidaemia are co-morbidities commonly

seen in subjects seeking a KD for weight loss purposes, but they

may be exacerbated by it due to the relative increase in protein

intake and the variable dietary fat depending on the approach to

achieve nutritional ketosis, despite not being listed as absolute con-

traindications according to available recommendations. However, it

has been reported that both HFKD and VLCKD might lead to mild

worsening short term, progressing to significant improvement or no

change in most patients, possibly due to subsequent weight loss

and insulin resistance amelioration in those with overweight or

obesity,56–58 whereas sustained hypercholesterolaemia and hyper-

triglyceridaemia are observed in lean subjects undergoing an HFKD

for the treatment of refractory epilepsy.59 Overall, extra caution

should be paid when considering this nutritional intervention not for

weight loss purposes in those with baseline metabolic abnormalities

and no weight excess, or in the case of refractory epilepsy, where

treatment might be considered long-term and macronutrient ratio is

strongly hyper lipidic.

3.15 | Rare disorders

Carnitine deficiency, carnitine palmitoyl-transferase deficiency,

carnitine-acylcarnitine translocase deficiency, mitochondrial fatty acid

β-oxidation disorders and pyruvate carboxylase deficiency are condi-

tions characterized by defective ketogenesis. Where individuals with

no such disorder, under frank reduction of carbohydrate intake would

mobilize fat depots leading to ketogenesis, patients affected by these

rare disorders would eventually experience hypoglycaemia, coma and

ultimately death.104–106

Finally, subjects with acute intermittent porphyria should avoid

the KD as the lack of carbohydrates in is a well-known precipitating

factor causing relapse of the condition.107

4 | DISCUSSION

Nutritional ketosis, although long known to be an effective treatment

for refractory epilepsy, has only recently gained broad attention

thanks to the several emerging applications ranging from obesity to

type 2 diabetes and neurologic disorders.5 However, its absolute con-

traindications according to the currently available scientific societies

consensus and position papers may make patients potentially receiv-

ing significant benefit from it not candidate to such dietary

intervention5–7 (Table 2).

Some of these, such as pregnancy, breastfeeding and periopera-

tive timing, find no reason in not being followed, given the short non-

applicable time and the potential major adverse events that could

develop. The presence of co-morbidities such as liver, kidney and

respiratory failure, together with type 1 diabetes, should be addressed

by specialists of the relative discipline and the patient be accurately

assessed and monitored, with eventual treatment tailored and charac-

terized by favourable cost-to-benefit ratio. The KD might ultimately

find an indication in the treatment of cardio- and cerebrovascular

injury within a few years should current evidence be confirmed,

despite these conditions being at present defined as absolute contra-

indications to the KD. Up until then, an adequately experienced cardi-

ologist/neurologist should take the lead deciding on a patient-to-

patient basis. The application to fragile subjects such as the elderly,

those with a history of mental disorder, eating behaviour or substance

abuse must benefit from an appropriate support in the daily routine

for the KD to be potentially considered as a feasible treatment for

concomitant conditions. Finally, further, specifically targeted studies

are needed to assess whether KD consumption may influence wound

healing, infections resolution or chronic organ damage, to better

understand if its use might not be contraindicated in these frail

patients.

Upon critical revision of the current state of the art, it emerges

that most studies are low quality, sample size often very small, and

duration usually quite short, making no definitive conclusion possibly

be drawn. However, it seems reasonable to say that many alerts are

cautionary in the attempt of protecting fragile populations, rather than

being based on actual evidence supporting the risk of inducing serious

adverse events, or recent evidence has proven them questionable.

Overall, as the KD is comparable in efficacy to pharmacological inter-

ventions, and is similarly not devoid of adverse events if not coupled

with proper care, it deserves very careful management, and its pre-

scription should therefore be in the hands of adequately skilled medi-

cal doctors, who, while keeping in mind current recommendations,

possess the necessary knowledge to putting them into the context of

the single individual being evaluated.
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 Abstract 
 Obesity is a chronic metabolic disease characterised by an increase of body fat stores. It is a 
gateway to ill health, and it has become one of the leading causes of disability and death, af-
fecting not only adults but also children and adolescents worldwide. In clinical practice, the 
body fatness is estimated by BMI, and the accumulation of intra-abdominal fat (marker for 
higher metabolic and cardiovascular disease risk) can be assessed by waist circumference. 
Complex interactions between biological, behavioural, social and environmental factors are 
involved in regulation of energy balance and fat stores. A comprehensive history, physical ex-
amination and laboratory assessment relevant to the patient’s obesity should be obtained. 
Appropriate goals of weight management emphasise realistic weight loss to achieve a reduc-
tion in health risks and should include promotion of weight loss, maintenance and prevention 
of weight regain. Management of co-morbidities and improving quality of life of obese pa-
tients are also included in treatment aims. Balanced hypocaloric diets result in clinically mean-
ingful weight loss regardless of which macronutrients they emphasise. Aerobic training is the 
optimal mode of exercise for reducing fat mass while a programme including resistance train-
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ing is needed for increasing lean mass in middle-aged and overweight/obese individuals. 
Cognitive behavioural therapy directly addresses behaviours that require change for success-
ful weight loss and weight loss maintenance. Pharmacotherapy can help patients to maintain 
compliance and ameliorate obesity-related health risks. Surgery is the most effective treat-
ment for morbid obesity in terms of long-term weight loss. A comprehensive obesity man-
agement can only be accomplished by a multidisciplinary obesity management team. We 
conclude that physicians have a responsibility to recognise obesity as a disease and help 
obese patients with appropriate prevention and treatment. Treatment should be based on 
good clinical care, and evidence-based interventions; should focus on realistic goals and life-
long multidisciplinary management.  © 2015 S. Karger GmbH, Freiburg 

 Introduction 

 Obesity is a metabolic disease (ICD-10 code E66) that has reached epidemic proportions. 
The World Health Organization (WHO) has declared obesity as the largest global chronic 
health problem in adults which is increasingly turning into a more serious problem than 
malnutrition. Obesity is a gateway to ill health, and it has become one of the leading causes of 
disability and death, affecting not only adults but also children and adolescents worldwide 
 [1] . In 2014, more than 1.9 billion adults (18 years and older) were overweight. Of these over 
600 million were obese. 42 million children under the age of 5 were overweight or obese in 
2013  [2] . The WHO world health statistics report in 2015 shows that in the European region 
the overall obesity rate among adults is 21.5% in males and 24.5% in females ( fig. 1 ). The 
same report states that the prevalence for overweight among children under the age of 5 is 
12.4%  [3] . It has been further projected that 60% of the world’s population, i.e. 3.3 billion 
people, could be overweight (2.2 billion) or obese (1.1 billion) by 2030 if recent trends 
continue  [4] . Obesity has important consequences for morbidity, disability and quality of life 
and entails a higher risk of developing type 2 diabetes, cardiovascular diseases, several 
common forms of cancer, osteoarthritis and other health problems  [5] . In 2010, overweight 
and obesity were estimated to cause 3.4 million deaths, 4% of years of life lost, and 4% of 
disability-adjusted life years (DALYs)  [6] .

  Definition and Classification 

 Obesity is a chronic disease characterised by an increase of body fat stores. In clinical 
practice, the body fatness is usually estimated by BMI. BMI is calculated as measured body 
weight (kg) divided by measured height squared (m 2 ). In adults (age over 18 years) obesity 
is defined by a BMI 30 kg/m 2  and overweight (also termed pre-obesity) by a BMI between 25 
and 29.9 kg/m 2 . Lower BMI cut-off points apply for some ethnic groups (e.g. Southeast Asians) 
 [7, 8]  ( table 1 ) {level 1}. Accumulation of intra-abdominal fat is associated with higher meta-
bolic and cardiovascular disease risk  [7, 9]  {level 1}. The amount of abdominal fat can be 
assessed by waist circumference (WC) which highly correlates with intra-abdominal fat 
content. The WC is measured in the horizontal plane midway in the distance of the superior 
iliac crest and the lower margin of the last rib. The most recent International Diabetes Feder-
ation (IDF) consensus defined central obesity (also known as visceral, android, apple-shaped 
or upper body obesity) in Europids as a WC of  ≥ 94 cm in men and  ≥ 80 cm in non-pregnant 
women. Lower cut-off points for central obesity are proposed for different ethnic groups  [10]  
{level 4}. 
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  Pathogenesis of Obesity 

 The cause of obesity is complex and multifactorial  [11, 12] . At the simplest level, obesity 
develops as a result of a period of chronic energy imbalance and is maintained by a continued 
elevated energy intake sufficient to maintain the acquired higher energy needs of the obese 
state. Complex interactions between biological (including genetic and epigenetic), behav-

Category  BMI, kg/m2

Underweight <18.5
Healthy weight 18.5–24.9
Pre-obese state 25.0–29.9
Obesity grade I 30.0–34.9
Obesity grade II 35.0–39.9
Obesity grade III ≥40   

 Table 1.  BMI categories 
(WHO 1997)

  Fig. 1.  Obesity prevalence in adults in Europe (Source: WHO 2014 data). 
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ioural, social and environmental factors (including chronic stress) are involved in regulation 
of energy balance and fat stores  [13, 14] . The rapid increase in the prevalence of obesity over 
the past 30 years is mainly a result of cultural and environmental influences. High energy 
density diet, increased portion size, low physical activity and adoption of a sedentary lifestyle 
as well as eating disorders are considered as important risk factors for the development of 
obesity  [8, 15] . These behavioural and environmental factors lead to alterations in adipose 
tissue structure (hypertrophy and hyperplasia of adipocytes, inflammation) and secretion 
(e.g. adipokines)  [16, 17] . Weight loss surgery has proven to be a convenient and proper 
research tool facilitating insights into the pathogenesis of obesity as well as regulation of 
hunger and satiation. Gut hormones communicate information from the gastrointestinal tract 
to the regulatory appetite centres within the CNS via the so-called ‘gut-brain axis’  [18, 19] . 
Obesity is associated with changes in the composition of the intestinal microbiota. Products 
of intestinal microbes may induce beneficial metabolic effects through enhancement of mito-
chondrial activity, prevention of metabolic endotoxaemia and activation of intestinal gluco-
neogenesis via different routes of gene expression and hormone regulation  [20, 21] . The role 
of thermogenesis of brown adipose tissue and its contribution to energy expenditure is being 
investigated mainly to develop strategies to recruit and activate energy-dissipating brown 
adipose tissue as a preventive or remedial measure for weight control in obesity  [22–24] .

  Clinical Evaluation of the Obese Patient  

 A comprehensive history, physical examination and laboratory assessment relevant to 
the patient’s obesity should be obtained  [25–27]  {Recommended Best Practice (RBP)}. 

  History Taking 

 – Ethnicity 
 – Family history 
 – Dietary habits 
 – Physical activity frequency and nature 
 – Eating pattern and possible presence of an eating disorder (binge eating disorder, night 

eating syndrome, bulimia) 
 – Presence of depression and other mood disorders 
 – Other determinants, e.g., genetic, drugs, endocrine abnormalities, psychosocial factors, 

chronic stress, smoking cessation etc. 
 – Health consequences of obesity ( table 2 ) 
 – Patient expectations and motivation for change 
 – Previous treatments for obesity. 

 Physical Examination  

 – Measure weight and height (from which BMI is calculated), WC, blood pressure 
(appropriate size cuff) {grade 3} 

 – Assess the presence and impact of obesity-related diseases (diabetes, hypertension, 
dyslipidaemia; cardiovascular, respiratory and joint diseases; non-alcoholic fatty liver 
disease (NAFLD), sleep disorders etc.) {RBP}  

 – Look for the presence of acanthosis nigricans as a sign of insulin resistance {RBP}.  
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 Laboratory Examinations  

 The minimum data set required will include {RBP}:
  – Fasting blood glucose 
 – Serum lipid profile (total, HDL and LDL cholesterol, triglycerides) 
 – Uric acid  
 – Thyroid function (thyroid-stimulating hormone (TSH) level) 
 – Liver function (hepatic enzymes)  
 – Cardiovascular assessment, if indicated {RBP} 
 – Endocrine evaluation if Cushing’s syndrome or hypothalamic disease suspected 
 – Liver investigation (ultrasound, biopsy) if abnormal liver function tests suggest NAFLD 

or other liver pathology 
 – Sleep laboratory investigation for sleep apnoea. 

 Body Composition Analysis  

 WC can be used as a proxy for abdominal fat  [9]  {level 3; RBP}. With the development of 
devices and equipment to more accurately measure body fat, including dual energy X-ray 
absorptiometry (DEXA), air-displacement plethysmography (BodPod), bioimpedance 
analysis (BIA) and body scanning procedures – replacing the cumbersome underwater 
weighing –, it has become possible to more easily classify individuals according to the degree 
of body fat, independently of BMI. This approach has also drawn attention to the function of 
non-adipose tissue – that is, fat-free mass (FFM) or lean mass – and the contribution made by 
FFM to physiological functioning, pathology and well-being  [28–30] . Assessment of body 
composition is not essential for the management of obesity in routine clinical practice, but 
may be a useful tool in measuring fat and FFM before and during treatment {RBP}.

  Comprehensive Obesity Management  

 Appropriate goals of weight management emphasise realistic weight loss to achieve a 
reduction in health risks and should include promotion of weight loss, maintenance and 
prevention of weight regain ( fig. 2 ) {RBP}. Patients should understand that, since obesity is a 
chronic disease, weight management will need to be continued lifelong. 

BMI, kg/m2*  WC, cm* Co-morbidities

men < 94, 
w omen < 80 

men ≥ 94, women 
≥ 80

25.0–29.9 L L L ± D
30.0–34.9 L L ± D L ± D±S**
35.0–39.9 L ± D L ± D L ± D ± S
≥40.0 L ± D ± S L ± D ± S L ± D ± S

 L = Lifestyle intervention (diet and physical activity); D = consider 
drugs; S = consider surgery.

*BMI and waist circumference cut-off points are different for some 
ethnic groups.

**Patients with type 2 diabetes on individual basis.

 Table 2.  A guide to deciding the 
initial level of intervention to 
discuss with the patient
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  Fig. 2.  Algorithm for the assessment and stepwise management of overweight and obese adults.  * BMI and 
WC cut-off points are different for some ethnic groups (see text). 

Erratum
See Erratum on last page of this article.
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  Aims of Treatment  

 The management and treatment of obesity ( fig. 2 ) have wider objectives than weight loss 
alone and include risk reduction and health improvement. Significant clinical benefits may be 
achieved even by modest weight loss (i.e. 5–10% of initial body weight), and lifestyle modifi-
cation (improved nutritional content of the diet and modest increases in physical activity and 
fitness)  [31–34]  {level 1}. Obesity management cannot focus only on weight (and BMI) 
reduction. More attention is to be paid to WC and the improvement in body composition 
which is focusing on ameliorating or maintaining FFM and decreasing fat mass  [35] . 

  Management of co-morbidities, improving quality of life and well-being of obese patients 
are also included in treatment aims. Appropriate management of obesity complications in 
addition to weight management should include management of dyslipidaemia, optimising 
glycaemic control in type 2 diabetic patients, normalising blood pressure in hypertension, 
management of pulmonary disorders such as sleep apnoea syndrome (SAS), attention to pain 
control and mobility needs in osteoarthritis, management of psychosocial disturbances including 
affective disorders, eating disorders, low self-esteem and body image disturbance. Obesity 
management may reduce the need to treat co-morbidities by drugs  [36–38]  {level 1; grade A}. 

  Prevention of Further Weight Gain  

 In overweight patients (BMI 25.0–29.9 kg/m 2 ) without overt co-morbidities, prevention 
of further weight gain (through dietary advice and increase in physical activity) rather than 
weight loss per se may be an appropriate target. Weight loss objectives should be realistic, 
individualised and aimed at the long term ( table 3 ) {RBP}. 

  Practical Weight Loss Objectives 

 A 5–15% weight loss over a period of 6 months is realistic and of proven health benefit 
 [39, 40]  {level 1}. A greater (20% or more) weight loss may be considered for those with 
greater degrees of obesity (BMI  ≥  35 kg/m 2 ) {RBP}. Maintenance of weight loss and prevention 
and treatment of co-morbidities are the two main criteria for success. 

  Failure to Lose and Maintain Weight  

 Referral to an obesity specialist (or an obesity management team) should be considered 
if the patient fails to lose weight in response to the prescribed intervention ( fig. 2 ). Weight 
cycling, defined by repeated loss and regain of body weight, is more frequent in women and 
may be linked to increased risk for hypertension, dyslipidaemia and gallbladder disease  [41] . 
It has been associated with psychological distress and depression and may require appro-
priate psychological care and/or antidepressant therapy  [42] . 

  Patient Follow-Up  

 Obesity is a chronic disease. A follow-up and continued supervision is necessary  [43]  to 
prevent weight regain {level 2}, and to monitor disease risks and treat co-morbidities (e.g. 
type 2 diabetes mellitus, cardiovascular disease) {RBP}. 
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  Specific Components of Treatment  

 Nutrition and Dieting 

 The use of self-recorded food diary allows a qualitative assessment of the diet. In addition, 
it can be used to help the patient identify meal frequency (night eating, snacking, meal 
skipping) perceptions and beliefs about emotional eating behaviour (cognition), eating habits 
(behaviour) and environmental challenges to following a healthy diet {RBP}. 

  Before giving dietary advice it might be useful to address motivation for change: How 
important is weight loss for the patients, and how confident the individual patient is to 
successfully and sustainably achieve body weight reduction  [44, 45] ? Dietary advice should 
encourage healthy eating and emphasise the need to increase consumption of vegetables, 
beans, legumes, lentils, grain, unsweetened cereals and fibre, and to substitute low-fat dairy 
products and meats for high-fat alternatives. It should also emphasise increased intake of 
seafood. It is recommended to avoid foods containing added sugars and solid fats, as well as 
consumption of sugary drinks and alcohol-containing beverages  [37, 46–48]  {level 1, 2}. An 
appropriate dietary regimen can be achieved in a number of ways: 

  General Advice {level 3, 4}  
 – Decrease energy density of foods and drinks  
 – Decrease the size of food portions  
 – Avoid snacking between meals  
 – Do not skip breakfast and avoid eating in the night time  
 – Manage and reduce episodes of loss of control or binge eating.  

 Specific Advice  
 Energy (calorie) restriction should be individualised and take account of nutritional 

habits, physical activity, co-morbidities and previous dieting attempts. Prescribing an 
energy-restricted diet may require the intervention of a nutritionist (dietitian) {RBP}. 
Balanced hypocaloric diets result in clinically meaningful weight loss regardless of which 
macronutrients they emphasise. An emphasis put on the macronutrient proportion in the 
various diets (low fat, low carbohydrate or high protein etc.) has not proved better than a 
balanced hypocaloric diet, except for low-glycaemic load diets (carbohydrate content of 
the diet × glycaemic index) in the short term  [49–51]  {level 1}. Despite various ranges of 
macronutrient composition, these diets have beneficial effects on reducing risk factors for 
cardiovascular disease and type 2 diabetes as well as on promoting adherence, diet accept-
ability and sustainability, satiety and satisfaction. Balanced hypocaloric diets can be 
tailored to individual patients on the basis of their personal and cultural preferences and 
may therefore have the best chance for long-term success (e.g. Mediterranean diet)  [52, 
53] . 

  A 15–30% decrease in energy (calorie) intake from habitual intake in a weight-stable 
individual is sufficient and appropriate. However, underreporting of energy intake by obese 
patients is common. There is a great variation in energy requirements between the indi-
viduals which is dependent on the individual’s gender, age, BMI and physical activity level. 
Tables predicting energy requirements taking into account gender, age, BMI and physical 
activity ratio can be used. An easy rule of thumb is a daily energy requirement of 25 kcal/kg 
for either gender but, for the same body weight, this creates a greater energy deficit in men. 
The recommended weight-reducing dietary regimen tailored to an individual’s need usually 
provides an energy deficit of 600 kcal/day {grade A, B}. A 600 kcal (2,600 kJ) daily deficit will 
predict a weight loss of about 0.5 kg weekly. Thus for an obese sedentary woman with a BMI 
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of 32 kg/m 2  and with an estimated daily intake of 2,100 kcal (8,800 kJ), a diet prescribing 
1,400–1,600 kcal (6,000–7,000 kJ) would be appropriate  [50, 54]  {level 2}. 

  Diets providing 1,200 kcal/day or more are classified as hypocaloric balanced diets (HBD) 
or balanced deficit diets  [51] . Diets providing less than 1,200 kcal/day might yield micronu-
trient deficiencies, which could exert untoward effects not only on nutritional status but also 
on the weight management outcome. However in clinical practice a further reduction in caloric 
intake might be required. In this case the appropriate use of dietary supplements may prevent 
such nutritional deficits. In clinical practice low-calorie diets (LCDs) and very-low-calorie 
diets (VLCDs) are used. LCDs, consisting of normal meals and partial meal replacements, have 
an energy content between 800 and 1,200 kcal/day. VLCDs usually provide less than 800
kcal/day and may be used only as part of a comprehensive programme under the supervision 
of an obesity specialist or another physician trained in nutrition and dietetics. Their adminis-
tration should be limited for specific patients and for short periods of time. VLCDs are unsuitable 
as a sole source of nutrition for children and adolescents, pregnant or lactating women and the 
elderly. Meal replacement diets (substitution of one or two daily meal portions by VLCD) may 
contribute to nutritionally well-balanced diet and weight loss maintenance  [55–59]  {level 2}. 

  Physical Activity  

 Exercise is considered an important component of a weight reduction programme in 
conjunction with caloric reduction. Several studies report additive benefits of combining 
exercise with caloric restriction on reducing body weight and body fat and preservation of 
FFM as compared to diet alone. In balancing time commitments against health benefits, it 
appears that aerobic training is the optimal mode of exercise for reducing fat mass and body 
mass while a programme including resistance training is needed for increasing lean mass in 
middle-aged and overweight/obese individuals  [60, 61]  {level 1; grade B}. However, if we limit 
the discussion to the outcome ‘weight loss’ or ‘fat mass loss’, only aerobic exercise has solid 
evidence supporting its efficacy in the literature. There is enough evidence which suggests that 
aerobic and resistance exercises are beneficial for patients with obesity and related morbid-
ities. For this reason, all scientific guidelines recommend that at least 150 min/week of 
moderate aerobic exercise (such as brisk walking) should be combined with three weekly 
sessions of resistance exercise to increase muscle strength  [60–62]  {level 2; grade B}. 

  Increasing physical activity reduces intra-abdominal fat and increases lean (muscle and 
bone) mass {level 2}, while it attenuates the weight loss-induced decline of resting energy 
expenditure {level 2}, reduces blood pressure, improves glucose tolerance, insulin sensitivity, 
lipid profile and physical fitness {level 1}, ameliorates compliance to the dietary regimen, has 
a positive influence on the long-term weight maintenance {level 2}, improves feeling of well-
being and self-esteem {level 2}, and reduces anxiety and depression {level 2}  [63–65] . Further 
objectives should be to reduce sedentary behaviour (e.g. television viewing and computer 
use) and increase daily activities (e.g. walking or cycling instead of using a car, climbing stairs 
instead of using elevators). Patients should be advised and helped in undertaking (or 
increasing) physical activity  [66, 67]  {level 2; grade B}. Exercise advice must be tailored to the 
patient’s ability and health and focus on a gradual increase to levels that are safe {RBP}. 

  Cognitive Behavioural Therapy 

 Cognitive Behavioural Therapy (CBT) is a blend of cognitive therapy and behavioural 
therapy and aims to help a patient modify his/her insight and understanding of thoughts and 
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beliefs concerning weight regulation, obesity and its consequences; it also directly addresses 
behaviours that require change for successful weight loss and weight loss maintenance. CBT 
includes several components such as self-monitoring (e.g. dietary record), techniques 
controlling the process of eating, stimulus control and re-enforcement as well as cognitive 
and relaxation techniques. CBT elements should form part of routine dietary management or, 
as a structured programme, form the basis of specialist intervention {grade B}. This care can 
be in part delivered in a group setting or using self-help manuals  [68–70] . CBT can be provided 
not only by registered psychologists but also by other trained health professionals such as 
physicians, dieticians, exercise physiologists or psychiatrists {RBP}. 

  Psychological Support  

 Physicians should recognise where psychological or psychiatric issues interfere with 
successful obesity management, e.g. depression. Psychological support and/or treatment will 
then form an integral part of management; in special cases (anxiety, depression and stress), 
referral to a specialist may be indicated. Self-help lay groups and the support of the obesity 
treatment group may all be useful in this setting {RBP}. 

  Pharmacological Treatment  

 Pharmacological treatment should be considered as part of a comprehensive strategy of 
disease management  [37, 71]  {grade A}. Pharmacotherapy can help patients to maintain 
compliance, ameliorate obesity-related health risks and improve quality of life. It can also 
help to prevent the development of obesity co-morbidities (e.g. type 2 diabetes mellitus). 
Current drug therapy is recommended for patients with a BMI  ≥  30 kg/m 2  or a BMI  ≥  27
kg/m 2  with an obesity-related disease (e.g. hypertension, type 2 diabetes mellitus, sleep 
apnoea)  [37]  ( table 2 ) {RBP}. Drugs should be used according to their licensed indications 
and restrictions {RBP}. The efficacy of pharmacotherapy should be evaluated after the first 3 
months. If weight loss achieved is satisfactory (>5% weight loss in non-diabetic and >3% in 
diabetic patients), treatment should be continued  [37, 71–74]  {grade A}. Treatment should 
be discontinued in non-responders ( table 3 ) {RBP}. 

  Orlistat 
 Orlistat is a potent and selective inhibitor of pancreatic lipase that reduces intestinal 

digestion of fat. The drug is available over the counter at a dose of 60 mg and a prescription 
dosage of 120 mg. Both forms are given before each meal and produce a moderate absolute 
and placebo-subtracted weight loss  [71–74] . The efficacy and safety of the drug were assessed 
in the following RCTs: XENDOS  [75]  and X-PERT  [76] . Faecal fat loss and related gastrointes-
tinal symptoms are common. It may causes small decreases in fat-soluble vitamins; thus a 
multivitamin can be prescribed  [77] . 

  Lorcaserin 
 Lorcaserin is a serotonin type 2C receptor agonist with hypophagic effects  [78] . Lorca-

serin has been available in the USA since June 2013. The recommended dose is 10 mg twice 
daily. The product licence requires 5% weight loss after 12 weeks of treatment. If a patient 
does not reach this target, the drug should be discontinued  [71–74, 79, 80] . The efficacy and 
safety of the drug were assessed in the following RCTs: BLOOM  [81] , BLOOM-DM  [82]  and 
BLOSSOM  [83] . In the BLOOM-DM trial, both fasting blood glucose and haemoglobin A1C 
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(HbA1c) levels were improved. No statistically significant differences in the incidence of 
cardiac valvulopathy between the placebo and lorcaserin groups were found  [82, 84] . The 
most common adverse events associated with lorcaserin included blurred vision, dizziness, 
somnolence, headache, gastrointestinal disturbance and nausea. The results of the ongoing 
cardiovascular outcomes trial CAMELLIA TIMI 61 will determine the role of lorcaserin in 
primary prevention of diabetes in overweight/obese individuals and its use in the high-risk 
population of patients with established cardiovascular disease or multiple cardiovascular 
risk factors  [85, 86] .

  Phentermine/Topiramate 
 Phentermine and extended-release topiramate (PHEN/TPM-ER) is based on the prin-

ciple of a synergistic combination of two drugs at a lower dose to obtain efficacy with less 
toxicity. Phentermine is an atypical amphetamine analogue that suppresses appetite by 
norepinephrine agonism in the CNS. Topiramate is an atypical anticonvulsant drug previ-
ously evaluated as a potential anti-obesity drug after reports of weight loss occurring in 
epileptic patients taking this drug. The mechanisms by which topiramate induces a weight 
loss are unknown and may include carbonic anhydrase inhibition of taste or influences on 
GABA transmission, thus reducing appetite  [87] . After approval by the Food and Drug 
Administration (FDA), the drug was launched in the USA in September 2012. The recom-
mended dosage is 7.5 mg phentermine / 46 mg topiramate once a day. The product licence 
requires 5% weight loss after 12 weeks of treatment. If a patient does not reach this target, 
the drug should be discontinued  [71–74] . The efficacy and safety of the drug were assessed 
in the following RCTs: EQUIP  [88] , CONQUER  [89] , SEQUEL  [90]  and EQUATE  [91] . Adverse 
events associated with PHEN/TPM-ER treatment were dry mouth, constipation, insomnia, 
palpitations, dizziness, paraesthesia, disturbances in attention, metabolic acidosis and 
renal calculi, headache, dysgeusia (distortion of sense of taste), alopecia and hypokalaemia 
 [71–74, 92] . The combination is contraindicated during pregnancy due to its teratogenic 
potential. The FORTRESS (Fetal Outcome RetrospectiveTopiRamate Exposure Study) has 
estimated that women taking this combination had a two times increased risk of giving 
birth to children with oral clefts when compared to non-users. Owing to this risk, the drug 
has been approved with a risk evaluation and mitigation strategy recommendation by the 
FDA  [93] .

  Bupropion/Naltrexone 
 Bupropion/naltrexone combines two centrally acting medications that had already been 

approved. Bupropion is used for treating depression and to aid smoking cessation. It is a non-
selective inhibitor of the dopamine and norepinephrine transporters. Naltrexone is an opioid 
receptor antagonist widely used to treat alcohol and opiate dependence syndromes. The 
anorectic effect of the bupropion/naltrexone combination is believed to result from acti-
vation of POMC neurons in the arcuate nucleus. POMC neurons release a melanocyte stimu-
lating hormone (α-MSH), which is a potent anorectic feeding neuropeptide, and these neurons 
project to other hypothalamic areas involved in feeding and body weight control. After 
approval by the FDA and the European Medicinal Agency (EMA), the drug is available in the 
USA since September 2012 and will be launched in Europe in approximately mid-2016. The 
recommended dosage is 16 mg naltrexone / 180 mg bupropion twice a day. The product 
licence requires 5% weight loss after 12 weeks of treatment. If a patient does not reach this 
target, the drug should be discontinued  [71–74, 94] . The efficacy and safety of the drug were 
assessed in the following RCTs: COR-I  [95] , COR-II  [96] , COR-BMOD  [97]  and COR-DM  [98] . 
The most common reported adverse event was nausea, which in most cases was transient for 
the first few weeks of treatment. Along with nausea, headache, dizziness, insomnia and 
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vomiting were the most common adverse events that led to discontinuation  [94] . The Cardio-
vascular Outcomes Study of Naltrexone SR/Bupropion SR in Overweight and Obese Subjects 
with Cardiovascular Risk Factors (The Light Study) is still ongoing  [99] . 

  Liraglutide 
 Liraglutide is an injectable long-acting GLP-1R agonist designed to resist rapid metab-

olism by dipeptidyl peptidase-IV. While glucose-induced insulin release is stimulated, the 
glucagon response is reduced and appetite suppressed with additional effects on gastric 
emptying  [100] . It has already successfully been introduced in type 2 diabetic patients 
(1.2–1.8 mg) once daily. After approval by the FDA and EMA, the drug (in a dosage of 3 mg 
once daily) was launched for obesity treatment in the USA in November 2014 and in Europe 
in March 2015. The product licence requires 5% weight loss after 12 weeks of treatment. If a 
patient does not reach this target, the drug should be discontinued  [71–74, 101–104] . The 
efficacy and safety of the drug were assessed in the following RCTs: SCALE-Maintenance 
 [105] , SCALE-Obesity  [106]  and LEADER  [107–109] . Liraglutide is generally well tolerated. 
Nausea and vomiting are the main, usually transient, side-effects, but they may actively 
contribute to weight loss  [110] . 

  Bariatric and Metabolic Surgery  

 Surgery is the most effective treatment for morbid obesity in terms of long-term weight 
loss, improvements of co-morbidities and quality of life and decreases of overall mortality 
 [111–115] . A comprehensive overview of surgical treatment options for obesity and obesity-
related co-morbidities is provided in the Interdisciplinary European Guidelines on Metabolic 
and Bariatric Surgery, published in 2013 by joint effort of the European Association for the 
Study of Obesity (EASO), and the International Federation for the Surgery of Obesity and 
Metabolic Disorders – European Chapter (IFSO-EC)  [116] . Surgery should be considered for 
patients aged 18–60 years with a BMI  ≥ 40.0 kg/m 2  or with BMI between 35.0 and 39.9
kg/m 2  and co-morbidities, in whom surgically induced weight loss is expected to improve the 
disorder (such as type 2 diabetes and other metabolic disorders, cardiorespiratory disease, 
severe joint disease and obesity-related severe psychological problems). BMI criterion may 
be the current BMI or a documented previous BMI of this severity  [117] . 

  Bariatric surgery is clearly confirmed to be beneficial in type 2 diabetes remission – at 
least in the short and medium term. Thus, patients with BMI >30 and <35 kg/m 2  with type 2 
diabetes may also be considered for bariatric surgery on an individual basis, as there is 
evidence-based data supporting bariatric surgery benefits in regards to type 2 diabetes 
mellitus remission or improvement in this group  [118–120]  {level 1}. 

  Multidisciplinary skills are needed to support surgical interventions. Patients should 
only be referred to units able to assess patients prior to surgery, to offer a comprehensive 
approach to diagnosis, assessment and treatment, and to provide long-term follow-up. A 
decision to offer surgery should follow a comprehensive interdisciplinary assessment. The 
core team providing such assessment should optimally consist of the following specialists 
experienced in obesity management and bariatric surgery  [121–123]  {level 2}:
  – Physician 
 – Surgeon 
 – Anaesthetist (anaesthesiologist) 
 – Psychologist or psychiatrist 
 – Nutritionist and/or dietitian, and 
 – Nurse practitioner/social worker.  
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 A laparoscopic technique should be considered as the first treatment choice in bariatric 
surgery. In all situations the bariatric surgeon’s experience is a key issue for an immediate 
successful outcome. It is not advisable to perform bariatric techniques on an occasional basis 
 [124]  {level 1}. Morbid obesity is a lifelong disease. The treating physician and surgeon are 
responsible for the treatment of co-morbidities before the operation and for the follow-up 
after the operation. However, the patient takes lifelong responsibility for adhering to the 
follow-up rules {RBP}.

  In the past several years, better understanding of substantial metabolic changes induced 
by different surgical interventions to the alimentary tract was achieved. Therefore, the former 
classification of operations according to their influence on food ingestion, defined as limiting 
stomach capacity (restrictive), limiting absorption of nutrients (malabsorptive) or combined 
procedures does not appropriately reflect the current level of knowledge about early and 
weight-independent metabolic effects of these operations. Nowadays, most of the standard 
surgical interventions are being mostly referred to as metabolic operations. The focus when 
treating obese patients is gradually shifting from the primary goal of weight loss outcomes to 
the metabolic effects of the operations  [125–137]  {levels 1, 2}.

I. Metabolic complications 
Diabetes
insulin resistance
Dyslipidaemia
Metabolic syndrome
Hyperuricaemia
Gout 
Low-grade inflammation 

II. Cardiovascular disorders 
Hypertension
Coronary heart disease 
Congestive heart failure
Stroke
Venous thromboembolism

III. Respiratory disease 
Asthma
Hypoxemia
Sleep apnoea syndrome
Obesity hypoventilation syndrome 

IV. Cancers 
Oesophagus, small intestine, colon, rectum, liver, gallbladder, pancreas, kidney, leukaemia, multiple 
myeloma, and lymphoma
In women: endometrial, cervix uteri, ovary, breast cancer after menopause
In men: prostate 
V. Osteoarthritis 
Knee and an increase in pain in the weight bearing joints 

VI. Gastrointestinal 
Gallbladder disease
Non-alcoholic fatty liver disease 
Non-alcoholic steatohepatitis 
Gastro-esophageal reflux
Hernia 

Table 4 continued on next page

 Table 4.  Obesity-related health risks and complications
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  Treatment of Co-Morbidities 

 Active treatment of obesity-related co-morbidities ( table 4 ) should be integral part of the 
comprehensive management of the obese patients. Appropriate management of obesity 
complications in addition to weight management should include  [37, 138]  {level 1, 2}:
  – Management of dyslipidaemia 
 – Optimising glycaemic control in type 2 diabetics 
 – Normalising blood pressure in hypertension 
 – Management of pulmonary disorders, such as SAS 
 – Attention to pain control and mobility needs in osteoarthritis 
 – Management of psychosocial disturbances, including affective disorders, eating 

disorders, low self-esteem and body image disturbance. 
 The presence of obesity and the effects that treatments have on body weight, body 

composition or metabolic status should be taken into account in the selection of the drugs 
used to treat obesity-related co-morbidities or even non-obesity-related diseases occurring 
in a patient with obesity. Drugs increasing body weight and/or with negative metabolic 
effects should be possibly avoided or substituted. Weight-losing and weight-neutral medica-
tions should be preferred  [73] . Specific guidelines for the management of hypertension in 
obese patients  [139]  have been released by the EASO in conjunction with the European 
Society of Hypertension.

VII. Genitourinary system /reproductive health
Urinary incontinence 
Menstrual irregularity
İnfertility
Hirsutism
Polycystic ovary disease
Miscarriage
Gestational diabetes
Hypertension
Preeclampsia
Macrosomia
Foetal distress
Malformation (i.e. neural tube defect)
Dystocia and primary caesarean section 

VIII. Psychological and social consequences 
Low self-esteem
Anxiety and depression
Stigmatisation
Discrimination in employment, college acceptance, job earning etc. 

IX. Miscellaneous 
Idiopathic intracranial hypertension
Proteinuria
Nephrotic syndrome
Skin infection
Lymphoedema 
Complications from anaesthesia
Periodontal disease 

Table 4 (continued)
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  Alternative Therapies  

 Obesity treatment has often been unsuccessful. As a result, unorthodox and unproven 
treatments flourish and are often offered. There is insufficient evidence to recommend in 
favour of herbal medicines, dietary supplements or homoeopathy for obesity management in 
the obese person. Physicians should advise patients to follow evidence-based treatments and 
recommend treatments only where evidence of safety and efficacy has been established 
{RBP}. 

  Collaborating Centre for Obesity Management 

 A comprehensive obesity management can only be accomplished by an appropriate 
obesity management team which is multidisciplinary and comprises different professionals 
who are able to tackle the different aspects of obesity and its related disorders. In accordance 
with this vision the EASO has developed a network of Collaborating Centres for Obesity 
Management. This European networking comprises education and training, research initia-
tives and contemporary obesity care  [140] .

  Conclusion 

 Physicians have a responsibility to recognise obesity as a gateway disease and help 
patients with appropriate prevention and treatment schemes for obesity and its co-morbid-
ities. Along with physicians all care givers have the same responsibility. Obesity care needs 
to be delivered by certified obesity experts in specialised and accredited obesity centres. 
Treatment should be based on good clinical care and evidence-based interventions and it 
should be individualised and multidisciplinary, focus on realistic goals, weight maintenance 
and prevention of weight regain. Everybody in the field, including the patients, should 
understand that, since obesity is a chronic disease, weight management will need to be 
lifelong.

  Appendix 

 Levels of Evidence and Grades of Recommendation  

 The evidence for the guidance given is drawn from a number of systematic reviews listed in the refer-
ences. The grading system is based upon the Scottish Intercollegiate Guidelines Network (SIGN), but has been 
simplified by amalgamating sub-categories of each level into a single criterion. No health-care system can 
provide treatment for all who are obese and overweight. Support groups, commercial and lay organisations, 
books and other media can provide useful help and support; the advice they give should conform to the prin-
ciples of these guidelines ( table 5 )  [141]  {RBP}. 
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 Table 5.  Levels of evidence, grades of recommendation and good practice points

Levels of evidence
1 1++ high-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias
 1+ well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias
 1– Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias
2 2++ high-quality systematic reviews of case-control or cohort or studies
 2+ high-quality case-control or cohort studies with a very low risk of confounding, bias, or chance 

and a high probability that the relationship is casual
 2– well-conducted case control or cohort studies with a low risk of confounding, bias, or chance 

and a moderate probability that the relationship is casual
3 non-analytic studies, e.g. case reports, case series
4 expert opinion

Grades of recommendation
A at least one meta-analysis, systematic review, or RCT rated as 1++, and directly applicable to the 

target population; or a systematic review of RCTs or a body of evidence consisting principally of 
studies rated as 1+, directly applicable to the target population, and demonstrating overall consis-
tency of results

B a body of evidence including studies rated as 2++, directly applicable to the target population, and 
demonstrating overall consistency of results; or extrapolated evidence from studies rated as 1++, 
or 1+

C a body of evidence including studies rated as 2+, directly applicable to the target population, and 
demonstrating overall consistency of results; or Extrapolated evidence from studies rated as 2++

D evidence level 3 or 4; or extrapolated evidence from studies rated as 2+

Good practice points
RBP recommended best practice based on the clinical experience of the guideline development group
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Erratum  

In the article by Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, Toplak H, for the Obesity 
Management Task Force of the European Association for the Study of Obesity , entitled ‘European Guidelines 
for Obesity Management in Adults’ [Obes Facts 2015;8:402–424, DOI:10.1159/000442721], figure 2 was not 
correctly given.

  Fig. 2.  Algorithm for the assessment and stepwise management of overweight and obese adults.  * BMI and 
WC cut-off points are different for some ethnic groups (see text). 
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Abstract
Background: The very low-calorie ketogenic diet (VLCKD) 
has been recently proposed as an appealing nutritional 
strategy for obesity management. The VLCKD is character-
ized by a low carbohydrate content (< 50 g/day), 1–1.5 g of 
protein/kg of ideal body weight, 15–30 g of fat/day, and a 
daily intake of about 500–800 calories. Objectives: The aim 
of the current document is to suggest a common protocol 
for VLCKD and to summarize the existing literature on its ef-
ficacy in weight management and weight-related comorbid-
ities, as well as the possible side effects. Methods: This docu-
ment has been prepared in adherence with Preferred Re-
porting Items for Systematic Review and Meta-Analyses 
(PRISMA) guidelines. Literature searches, study selection, 
methodology development, and quality appraisal were per-
formed independently by 2 authors and the data were col-
lated by means of a meta-analysis and narrative synthesis. 

Results: Of the 645 articles retrieved, 15 studies met the in-
clusion criteria and were reviewed, revealing 4 main find-
ings. First, the VLCKD was shown to result in a significant 
weight loss in the short, intermediate, and long terms and 
improvement in body composition parameters as well as 
glycemic and lipid profiles. Second, when compared with 
other weight loss interventions of the same duration, the 
VLCKD showed a major effect on reduction of body weight, 
fat mass, waist circumference, total cholesterol and triglyc-
eridemia as well as improved insulin resistance. Third, al-
though the VLCKD also resulted in a significant reduction of 
glycemia, HbA1c, and LDL cholesterol, these changes were 
similar to those obtained with other weight loss interven-
tions. Finally, the VLCKD can be considered a safe nutritional 
approach under a health professional’s supervision since the 
most common side effects are usually clinically mild and eas-
ily to manage and recovery is often spontaneous. Conclu-
sions: The VLCKD can be recommended as an effective di-
etary treatment for individuals with obesity after consider-
ing potential contra-indications and keeping in mind that 
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any dietary treatment has to be personalized. Prospero Reg-
istry: The assessment of the efficacy of VLCKD on body 
weight, body composition, glycemic and lipid parameters  
in overweight and obese subjects: a meta-analysis 
(CRD42020205189). © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Obesity is becoming a plague in countries all around 
the world, affecting over 200 million men and nearly 300 
million women [1]. Beyond the body weight excess, obe-
sity has been defined as “the silent killer”; indeed, it sig-
nificantly increases the risk and contributes to the devel-
opment of several diseases such as cardiovascular diseas-
es, type 2 diabetes, dyslipidemia, arthropathy, some 
neoplasms, and infertility [2, 3].

Several strategies are currently used for weight man-
agement in obesity, with the first attempt to lose weight 
being focused on lifestyle changes based on physical ac-
tivity and dietary recommendations. Usually, the most 
recommended nutritional pattern is characterized by an 
increase in complex/raw carbohydrates along with a re-
duction in fat intake aiming to reduce energy intake and 
increase energy expenditure through physical activity [4]. 
Lifestyle modification programs are not always success-
ful, especially in patients with severe obesity. On the oth-
er hand, the use of antiobesity drugs is currently limited 
by nontrivial costs, potential side effects, and contraindi-
cations that cannot make them suitable for all subjects 
with obesity [5, 6]. Finally, bariatric surgery is another 
tool used for weight loss, mostly indicated for individuals 
with severe obesity (i.e., BMI = 40 or 35 with obesity-as-
sociated comorbidities). Despite its effectiveness for re-
mission of type 2 diabetes, bariatric surgery can lead to 
several irreversible complications related to surgical pro-
cedures [7] and its availability is limited.

Recently, very low-carbohydrate ketogenic diets 
(VLCKD) have been proposed as an appealing nutrition-
al strategy for obesity management [8]. VLCKD are char-
acterized by a low carbohydrate content (< 50 g/day), 
1–1.5 g of protein/kg of ideal body weight, 15–30 g of fat/
day, and about 500–800 kcal/day [8]. The reduction of 
carbohydrate intake under the above reported threshold 
leads to ketone synthesis [9]. Ketone bodies are then uti-
lized as fuel by several extrahepatic tissues such as the 
central nervous system, skeletal muscle, and the heart. To 
favor the patients’ compliance, VLCKD are often deliv-
ered through meal replacements mimicking a natural 

diet. Among the beneficial effects, VLCKD have been re-
ported to induce more weight loss than a standard low-
calorie diet after 1 and 2 years of follow-up [10], to pre-
serve muscle mass, muscle strength, and resting metabol-
ic rate [11].

In view of these considerations, the 3 main aims of the 
current document were to: (1) describe a typical VLCKD 
protocol highlighting its indications and contraindica-
tions; (2) conduct a systematic review and meta-analysis 
on the efficacy of this protocol in terms of clinical out-
comes (i.e., in the short and long term), i.e., weight loss 
and maintenance, and changes in body composition pa-
rameters and glycemic and lipid profiles; and finally  
(3) summarize the side effects (i.e., common and rare) of 
this dietary treatment as well as its medical management. 
A practical recommendation for the application of 
VLCKD in obesity management is therefore formulated.

VLCKD Protocol

The VLCKD is a nutritional protocol characterized by 
a reduction of daily carbohydrate intake, usually lower 
than 30 g/day (≃13% of the total energy intake), a relative 
increase in fat (∼44%) and protein (∼43%) percentages, 
and a total daily energy intake < 800 kcal [12]. The VLCKD 
protocol includes high-biological-value protein (coming 
from milk, peas, whey, and soy) artificial meals, and nat-
ural foods. Each artificial meal typically includes 18 g of 
protein, 4 g of carbohydrate, and 3 g of fat (mainly high-
oleic vegetable oils) and provides approximately 100–150 
kcal. This protocol is characterized by the following 3 
stages: active, reeducation, and maintenance (Fig. 1).

Active Stage
The active stage is a very low-calorie diet (600–800 

kcal/day) characterized by low amounts of carbohydrates 
(< 50 g daily from vegetables) and lipids (only 10 g of olive 
oil per day). The amount of high-biological-value proteins 
ranged between 0.8 and 1.2 g/kg of ideal body weight to 
preserve lean mass and meet the minimal daily body re-
quirements. This stage is further divided in 3 ketogenic 
phases; in phase 1, the patients eat high-biological-value 
protein meals with vegetables with a low glycemic index 
4–5 times a day. In phase 2, one of the protein artificial 
servings is replaced by a natural protein meal such as 
meat/egg/fish either at lunch or at dinner. In phase 3, a 
second serving of the natural protein low in fat can replace 
the second artificial protein serving. Supplementations 
with micronutrients (vitamins and minerals, such as K, 
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Na, Mg, Ca, and omega-3 fatty acids) are suggested at this 
stage. The active stage usually lasts 8–12 weeks, until the 
subjects lose most of the weight loss target (about 80%).

In the literature, it has also been reported that the ac-
tive stage protocol could be reached providing half of the 
amount of daily protein using synthetic amino acid sup-
plementation containing whey protein (13.42/bag), car-
bohydrate (0.03/bag), fat (0.15/bag), isoleucine (0.31/
bag), ornithine α-ketoglutarate (0.25/bag), L-citrulline 
(0.25/bag), taurine, (0.25/bag), L-tryptophan (0.05/bag), 
and potassium citrate (0.45/bag), for a total of 64 kcal (268 
KJ) which are dissolved in water. This drink is taken at 
breakfast and lunch or dinner [13].

Reeducation Stage
After the active stage, the patients will progressively 

reintroduce different food groups and in the meantime 
take part in a program of nutritional reeducation to keep 
long-term weight loss. Carbohydrates are gradually rein-
troduced according to the following order: foods with the 
lowest glycemic index (fruit and dairy products – phase 
4), followed by foods with moderate (legumes – phase 5), 
and a high glycemic index (bread, pasta, and cereals – 
phase 6). The daily calorie intake in the reintroduction 
stage (phases 4–6) varies between 800 and 1,500 kcal/day.

Maintenance Stage
After the reintroduction stage, there is a maintenance 

stage which includes a nutritional program that ranges 
from 1500 to 2000 kcal/day, depending on the individual, 
and that is balanced by macronutrients and micronutri-
ents viewpoints. The main purpose of this stage is the 
maintenance of long-term weight loss and to promote a 
healthy lifestyle.

Efficacy of VLCKD in Terms of Weight Loss, and 
Changes in Body Composition Parameters and 
Glycemic and Lipid Profiles: Systematic Review and 
Meta-Analysis

PICO Statements
We set out to conduct a systematic review on the top-

ic in accordance with the PICO process [14], as detailed 
below:

P (population): adult participants (age ≥18 years) in 
the overweight or obesity categories however defined 
(i.e., BMI, body fat, waist circumference [WC], etc.) with 
or without comorbidities.

I (intervention): short- or long-term weight loss fol-
lowed or not by a period of weight maintenance.

Fig. 1. Scheme of the stages of VLCKD pro-
tocol.
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C (comparison): weight loss programs involving a 
VLCKD as a treatment for obesity/overweight, compared 
to any other diet as defined by the authors (whenever 
available).

O (outcome): changes in the following outcomes: body 
weight status, body composition, and glycemic and lipid 
profiles.

Body weight status (primary outcome) comprises: 
mean weight loss expressed as weight (kg) and BMI be-
fore and after VLCKD at 1, 2, 4–6, 12 and 24 months of 
follow-up, and comparison of mean weight loss between 
VLCKD and any other intervention in terms of weight 
(kg) and BMI changes.

Body composition (secondary outcome) comprises: 
WC (mean difference in cm between baseline and the last 
available follow-up in the VLCKD group), and compari-
son of changes in WC in cm between VLCKD and any 
other intervention.

Fat mass (FM) comprises: the mean difference (in kg) 
between baseline and the last available follow-up in the 
VLCKD group, and comparison of changes in FM (in kg) 
between VLCKD and any other intervention.

Fat-free mass (FFM) comprises: the mean difference 
(in kg) between baseline and the last available follow-up 
in the VLCKD group, and comparison of changes in 
FFM (in kg) between VLCKD and any other interven-
tion.

Biochemical assessment comprises the glycemic pro-
file, which includes: fasting blood glucose (FBG) (mean 
difference expressed in mg/dL between baseline and the 
last available follow-up in the VLCKD group, and com-
parison of changes in FBG in mg/dL between VLCKD 
and any other intervention), the Homeostatic Model As-
sessment for Insulin Resistance (HOMA index) (mean 
difference in HOMA index between baseline and the last 
available follow-up in the VLCKD group, and compari-
son of changes in HOMA index between VLCKD and any 
other intervention), and glycated hemoglobin (HbA1c) 
(mean difference in HbA1c expressed in % between base-
line and the last available follow-up in the VLCKD group, 
and comparison of changes in HbA1c between VLCKD 
and any other intervention).

Biochemical assessment also comprises the lipid pro-
file, which includes: total cholesterol (mean difference in 
total cholesterol expressed in mg/dL between baseline 
and the last available follow-up in the VLCKD group, and 
comparison of changes in total cholesterol between 
VLCKD and any other intervention), low-density lipo-
protein (LDL) cholesterol (mean difference in LDL ex-
pressed in mg/dL between baseline and the last available 

follow-up in the VLCKD group, and comparison of 
changes in LDL between VLCKD and any other interven-
tion), high-density lipoprotein (HDL) cholesterol (mean 
difference in HDL expressed in mg/dL between baseline 
and the last available follow-up in the VLCKD group, and 
comparison of changes in LDL between VLCKD and any 
other intervention), and triglycerides (TG) (mean differ-
ence in TG expressed in mg/dL between baseline and the 
last available follow-up in the VLCKD group, and com-
parison of changes in TG between VLCKD and any other 
intervention).

Methods

The meta-analysis was presented in adherence with Preferred 
Reporting Items for Systematic Review and Meta-Analyses (PRIS-
MA) guidelines for completion of this review [15]. PROSPERO 
registry (September 20, 2020): “The Assessment of the Efficacy of 
VLCKD on Body Weight, Body Composition, Glycaemic and Lip-
id Parameters in Overweight and Obese Subjects: A Meta-Analy-
sis” (CRD42020205189).

Inclusion and Exclusion Criteria
We includes all studies dealing with VLCKD and evaluating 

changes in weight status (expressed in any way) and changes in any 
weight-related clinical outcome before and after VLCKD, provid-
ed that they met the following criteria: (1) studies written in Eng-
lish; (2) original articles or studies with a longitudinal design; and 
(3) prospective or retrospective observational (analytical or de-
scriptive), experimental, or quasi-experimental controlled studies. 
No reviews, cross-sectional, noncontrolled, or nonoriginal articles 
(i.e., case reports, editorials, letters to the editor, and book chap-
ters) were included.

Considering that there is no complete agreement or set defini-
tion among clinicians and researchers regarding the macronutri-
ents in VLCKD (i.e., carbohydrate, protein, and fat thresholds), for 
the purposes of this review we adopted the following [8]: total dai-
ly calories, ≤800 kcal; carbohydrates, 30–50 g/day (13–25% of the 
total calories); protein, 0.8–1.2 g/day for an ideal body weight 
(∼40–45% of the total calories); and fat (∼40–45% of the total cal-
ories).

Information Source and Search Strategy
The literature search was performed independently and in du-

plicate by 2 authors. Databases were systematically screened using 
the following MeSH terms combinations as follows: 1 obesity, 2 
overweight, 3 very low-calorie ketogenic diet, 4 VLCKD, 5 VLKD, 
6 weight loss, 7 weight reduction, 8 weight maintenance, 9 clinical 
outcomes, 10 body composition, 11 fat mass, 12 body fat, 13 fat-
free mass, 14 lean body mass, 15 glycemic profile, 16 glycemia, 17 
fasting blood glucose, 18 HbA1c, 19 HOMA-IR index, 20 lipid pro-
file cholesterol, 21 LDL cholesterol, 22 HDL cholesterol, and 23 
TG. The following combinations were also applied as search pa-
rameters: (1 OR 2) AND (3) AND (4 OR 5 OR 6) AND (7 OR 8 
OR 9 OR 10 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 
17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23).
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In addition, a manual search was carried out to retrieve other 
articles that were not identified via the initial search strategy. Pub-
lication date was not considered an exclusion criterion for the pur-
poses of this review.

Study Selection and Quality Assessment
Two authors (G.M. and M.E.G.) independently screened the re-

sulting articles for their methodology and appropriateness for inclu-
sion. Noncontrolled observational studies were selected according to 
the National Institute for Health and Clinical Excellence (NICE) 
guideline checklist for quality appraisal [16]. For controlled observa-
tional studies, the appraisal was conducted according to the Newcas-
tle-Ottawa Scale (NOS) [17], which relies on a 9-point system in 
which scores of 0–6 and 7–9 are considered poor and moderate to 
good quality, respectively. Scores of 4, 2, and 3, respectively, were as-
signed to the following criteria: selection of study groups, comparabil-
ity of study groups, and assessment of outcomes and adequacy of fol-
low-up criteria [18]. In randomized controlled trials, quality apprais-
al was conducted according to the Jadad scale [19], which relies on the 
following 3 items: randomization (2 points), blinding (2 points), and 
description of withdrawals or dropout (1 point), for a total of 5 pos-
sible points; ≥3 points indicates a good-quality trial [20]. Moreover, 
randomized controlled trials were assessed using risk-of-bias criteria, 
although 10 criteria (i.e., randomization method, allocation sequence 
concealment, participant blinding, outcome assessor blinding, out-
come measurement, interventionist training, withdrawal, intent-to-
treat analyses, clustering, and baseline characteristics) are generally 
used to assess the sufficiency of reporting. Studies were assigned a 
“yes” for each applicable criterion they fulfilled and a “no” for each 
criterion they did not fulfill. Studies containing insufficient informa-
tion for judgement were indicated as “not reported,” and any dis-
agreement was documented and resolved by discussion [21]. Consen-
sus discussion was used to resolve disagreements between reviewers.

Data Collection Process and Data Items
First, both the title and the abstract of each paper were assessed 

by 2 independent authors for language suitability and subject mat-
ter relevance, and then the selected studies were assessed for their 
appropriateness for inclusion and the quality of the methods. The 
following characteristics are reported in Table 1 for each study that 
passed these 2 rounds of screening: first author, year of publica-
tion, country of conduction, design, sample age, baseline weight, 
duration of follow-up, and outcome.

Data Synthesis
The studies that met the inclusion criteria are presented as a 

narrative synthesis. The effect size of interest was the raw mean 
difference in weight, BMI, WC, glycemic indicators, and blood lip-
id profile, reflecting a change from baseline and different intervals 
of VLCKD or differences from the control group. The mean dif-
ference was calculated as the difference between the reported 
means (equation 1):

2 1D X X= -  

The SD of the difference between means was calculated using 
the SEM for each reported mean (equation 2):

2 2
1 2

1 2

S S
SD

n n
= +  

For reported means with a missing SD, the SD was imputed 
from other studies [22]. A meta-analysis was performed to calcu-
late a weighted average of the overall mean differences from differ-
ent studies included in the model. Assessment of heterogeneity 
was done using I2 statistics as a measure of inconsistency to test 
that variation in effect estimates is only due to chance. Acceptable 
heterogeneity was determined at I2 < 60%. In studies with accept-
able heterogeneity, analysis of pooled effects was done using a 
fixed-effects model. In studies with heterogeneity above 60%, a 
random-effects model was used [22]. A forest plot was used plotted 
to compare the change in outcomes of interest in response to 
VLCKD. Revman 5.3 was used to perform the meta-analysis and 
draw the forest plots [23]. For all statistical tests, p < 0.05 was con-
sidered statistically significant.

Results

The initial search retrieved 645 papers, and 321 were 
immediately eliminated because they were considered 
duplicates; thus 324 screened reports remained. In the 
first round of screening (titles and abstracts), 252 pa-
pers were excluded on the following grounds: language 
other than English, no bearing on overweight and obe-
sity, and dealing with overweight and obesity but not 
clearly considering VLCKD. In the second round of 
screening of the remaining 72 articles, full-text papers 
were assessed for eligibility. A further 57 articles were 
excluded for: (1) being review articles (i.e., systematic 
or narrative) or consensus protocol studies; (2) dealing 
with diets similar to but not the same as VLCKD, such 
as very low-calorie diets (VLCD) and very low-carbo-
hydrate diets (but not well identified in the abstract); 
and (3) VLCKD that did not satisfy our VLCKD proto-
col (Fig. 2).

In the end, 15 articles (7 noncontrolled, 2 controlled, 
and 6 randomized controlled studies) were available for 
systematic review, narrative, and meta-analysis. Accord-
ing to the NICE guidelines checklist, the noncontrolled 
studies (n = 7) were of a fair quality (mean score: 6.42 
points; online suppl. Table 1; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000515381), 
while the NOS checklist indicated that the controlled 
studies (n = 2) were of a moderate quality (mean score: 
5.50 points; online suppl. Table 2). Finally, the Jadad 
scale checklist indicated that the randomized controlled 
studies (n = 6) were of a high quality (mean score: 3.16 
points; online suppl. Table 3), and the risk of bias was ac-
ceptable (online suppl. Table 4). Finally, the PRISMA 
checklist reported, item by item, the adherence to PRIS-
MA guidelines for completion of this review (online sup-
pl. Table 5).
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Table 1. Studies included in the systematic review

First author Year Country Design Sample Mean age (±SD), 
years

Baseline weight status Follow-up
duration

Other outcomes

Albanese [24] 2019 Italy Retrospective con-
trolled

n = 178 (M = 39; 
F = 139; 72 VLCKD 
and 106 VLCD)

VLCKD:
43.4±12.1 
VLCD:
43.5±11.8

BW: 125.5±19.5 kg 
BMI: 46.0±6.3
BW: 120.9±22.6 kg 
BMI: 43.6±6.9

3 weeks –

Bruci [25] 2020 Italy Prospective observa-
tional noncontrolled

n = 93 (M = 23; 
F = 69)

51.3±12.2 BW: 92.40±18.31 kg 
BMI: 33.85±5.84

2–3 months FM, FFM, glycemia, HbA1c, 
cholesterol (total, LDL, and 
HDL), and TG

Colica [26] 2017 Italy RCT* including more 
than a VLCKD arm 
but not controlled vs. 
other diets

n = 40 (20 VLCKD 
and 20 VLCKD +
amino acids of 50% 
proteins), and then 
they were crossed over

45.40±14.20 BW: 77.43±7.12 kg 
BMI: 29.42±2.24
BW: 82.23±14.60 kg 
BMI: 29.85±3.98

3 weeks Glycemia and HOMA-IR index

de Luis [27] 2016 Spain RCT* including more 
than VLCKD arm 
but not controlled vs. 
other diets

n = 29 (M = 12; 
F = 17; 15 VLCKD 
and 14 VLCKD + 
DHA)

44.3±11.7
47.4±9.1

BW: 92.2±13.1 kg 
BMI: 32.95±1.9
BW: 92.05±8.7 kg 
BMI: 33.4±1.4

6 months WC, FM, glycemia, HOMA-IR 
index, cholesterol (total, LDL, 
and HDL), and TG

Goday [28] 2016 Spain RCT n = 89 (M = 31; 
F = 58; 45 VLCKD
and 44 LCD)

54.89±8.81
54.17±7.97

BW: 91.47±11.43 kg 
BMI: 33.3±1.5
BW: 90.0±11.3 kg
BMI: 32.9±1.6

4 months WC, glycemia, HbA1c, HOMA-
IR index, cholesterol (total, LDL, 
and HDL), and TG

Gomez-Arbelaez 
[29]

2017 Spain Prospective interven-
tional noncontrolled

n = 20 (M = 8; 
F = 12)

47.2±10.2 BW: 95.9±16.3 kg 
BMI: 35.5±4.4

4 months WC, FM, and FFM

Gutiérrez-Repiso 
[30]

2019 Spain RCT* including more 
than a VLCKD arm 
but not controlled vs. 
other diets

n = 33 (M = 13; 
F = 20)

48.67±9.16
47.00±8.97
38.22±11.27

BW: 92.74±15.86 kg 
BMI: 32.82±1.76
BW: 95.71±9.46 kg 
BMI: 32.96±1.47
BW: 90.58±10.83 kg 
BMI: 33.14±1.47

4 months WC, FM, FFM, glycemia, 
HOMA-IR index, cholesterol 
(total, LDL, and HDL), and TG

Leonetti [31] 2015 Italy Prospective 
noncontrolled

n = 50 (M = 19;
F = 31)

47.4±11.2 BW: 150±26.3 kg
BMI: 53.5±8.4

1 month WC, cholesterol (total, LDL, and 
HDL), and TG

Merra [13] 2016 Italy RCT n = 18 (M = 5; 
F = 13; 9 VLCKD
and 9 VLCD)

45.40±16.36
49.33±13.78

BW: 99.78±4.57 kg 
BMI: 33.69±3.51
BW: 74.77±5.04 kg 
BMI: 29.21±1.07

3 weeks WC, FM, and FFM

Moreno [32] 2014 Spain RCT n = 53 (M = 6; 
F = 48; 27 VLCKD
and 26 LCD)

44.4±8.6
46.3±9.3

BW: 97.9±18.9 kg 
BMI: 35.1±4.5
BW: 92.1±17.7 kg
BMI: 35.1±5.3

12 months WC, FM, FFM, glycemia, HbA1c, 
cholesterol (total, LDL, and 
HDL), and TG

Moreno [10] 2016 Spain RCT n = 45 
(22 VLCKD and 
23 LCD)

44.6±7.8
45.6±9.6

BW: 99.1±19.7 kg
BMI: 35.2±4.8
BW: 90.6±17.8 kg
BMI: 34.5±5.0

24 months WC, FM, and VFM

Perticone [33] 2019 Italy RCT n = 56 (M = 32; 
F = 24; 28 VLCKD 
and 28 LCD)

42.6±6.6
50.9±13.3

BW: 113.9±31.0 kg 
BMI: 40.5±10.8
BW: 107.5±18.5 kg 
BMI 38.8±4.5

12 months WC, FM, FFM, glycemia, HbA1c, 
HOMA-IR index, cholesterol 
(total, LDL, and HDL), and TG

Rubini [34] 2015 Italy RCT n = 32 (16 VLCKD 
and 16 MD)

51.4±12.4
44.7±13.9

BW: 82.0±12.4 kg 
BMI: 29.3±2.8
BW: 77.2±9.8 kg 
BMI: 27.5±2.8.4

3.5 months –

Sajoux [35] 2019 Spain Cohort controlled n = 79 (M = 20; 
F = 59; 20 VLCKD, 
20 LCD and 
39 bariatric surgery)

47.1±10.2
49.9±9.3
40.8±10.4

BW: 96.0±16.3 kg 
BMI: 35.5±4.4
BW: 93.0±13.2 kg 
BMI: 35.8±4.5
BW: 121.3±21.5 kg 
BMI: 45.6±6.2

4–6 months FM, FFM, and HOMA-IR index

Valenzano [36] 2019 Italy Prospective 
noncontrolled

n = 20 (M = 10; 
F = 10)

48±8.2 BW: 91.33±17.11 kg 
BMI: 32.19±4.78

8 weeks FM, FFM, HbA1c, cholesterol 
(total, LDL, and HDL), and TG

M, male; F, female; VFM, visceral fat mass; RCT, randomized controlled trial.
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Narrative Synthesis
Albanese et al. [24] included in a retrospective con-

trolled study 178 patients (139 females and 39 males) with 
a mean age of 43 years and who were candidates for lapa-
roscopic bariatric surgery. Seventy-two of those patients 

underwent a cycle of VLCKD in the 3 weeks before the 
bariatric procedure, and the other 106 followed VLCD for 
the same duration. The prediet mean BMI was 46.3 ± 6.3 
for the VLCKD group and 43.1 ± 6.9 for VLCD, while im-
mediately after diet and immediately prebariatric surgery 

Fig. 2. Flow chart summarizing the study selection procedure.
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the BMI values were 43.9 ± 5.9 and 41.9 ± 6.8. The abso-
lute weight loss was significantly better in the VLCKD 
group than in the VLCD group (5.8 ± 2.4 vs. 4.8 ± 2.5 kg; 
p = 0.008).

Bruci et al. [25] conducted a prospective observational 
noncontrolled real-life study including 92 patients (mean 
age = 51.3 ± 12.2 years; BMI 33.85 ± 5.84) with obesity 
and mild kidney failure and who underwent nearly 3 
months of VLCKD. Anthropometric, body composition, 
and biochemical data were obtained before and after the 
dietary intervention. A significant reduction in body 
weight (92.40 ± 18.31 vs. 76.82 ± 14.95 kg; p < 0.0001),  
FM (35.63 ± 9.93 vs. 24.40 ± 9.00 kg; p < 0.0001), and  
FFM (56.77 ± 13.40 vs. 52.42 ± 10.89 kg; p < 0.0001)  
was observed, accompanied by improvements in glyce-
mia (95.32 ± 13.26 vs. 88.25 ± 10.24 mg/dL; p = 0.002)  
and HbA1c (5.65 ± 0.81 vs. 5.33 ± 0.39%; p < 0.0001)  
and a reduction in total cholesterol (206.91 ± 45.65 vs.  
184.46 ± 41.17 mg/dL; p = 0.004) and TG (156.44 ± 90.87 
vs. 102.62 ± 35.71 mg/dL; p = 0.003).

Colica et al. [26] carried out a randomized crossover 
trial including 42 patients (mean age: 45.40 ± 14.20 years) 
with a BMI ≥25 and a FM ≥25% in males and ≥30 in fe-
males. Patients were allocated to the following 2 arms 
over 3 weeks of follow-up: VLCKD-1 (n = 20; mean BMI 
29.85 ± 3.98) in which 50% of the protein intake was re-
placed with synthetic amino acids and a regular VLCKD-2 
(n = 20; mean BMI 29.42 ± 2.24). At baseline, at the start 
and end of each arm, the health and nutritional status of 
all of the subjects were assessed by anthropometric analy-
sis and a biochemical evaluation. A significant weight loss 
was observed in both arms of dietary treatment (VLCKD-1: 
82.23 ± 14.60 vs. 77.62 ± 12.37 kg; p = 0.00; VLCKD-2: 
77.43 ± 7.12 vs. 71.30 ± 6.91 kg; p = 0.00), as was improve-
ment in the HOMA-IR index (VLCKD-1: 3.80 ± 2.85 vs. 
1.44 ± 0.75; p = 0.01; VLCKD-2: 3.35 ± 1.45 vs. 1.36 ± 0.86; 
p = 0.02). On the other hand, a significant decrease in  
glycemia was only found in VLCKD-2 (4.91 ± 0.43 vs. 
4.20 ± 0.89 mmol/L; p = 0.03), while no change in the 
lipid profile was noticed in both arms.

de Luis et al. [27] conducted a 6-months randomized 
controlled trial including 29 patients with obesity allo-
cated to a VLCKD (n = 15; mean age = 44.3 ± 11.7 years 
and BMI 32.95 ± 1.9) or a VLCKD + DHA supplementa-
tion (n = 14; mean age = 47.4 ± 9.1 years and BMI 33.4 ± 
1.4). The VLCKD group showed a significant reduction 
in body weight (92.2 ± 13.1 vs. 71.8 ± 11.4 kg; p < 0.05), 
FM (30.3 ± 6.1 vs. 16.8 ± 4.2; p < 0.05), WC (109.2 ±  
7.8 vs. 87.4 ± 7.4 cm; p < 0.05), glycemia (101.6 ± 11.3 vs. 
88.9 ± 7.6 mg/dL; p < 0.05), the HOMA-IR index (3.1 ± 

2.2 vs. 1.0 ± 0.6; p < 0.05), total cholesterol (212.4 ± 37.8 
vs. 183.4 ± 31.2 mg/dL), LDL cholesterol (139.4 ± 33.0 vs. 
119.2 ± 28.9 mg/dL; p < 0.05), and TG (135.0 ± 50.6 vs. 
78.5 ± 27.7 mg/dL). Similarly, in the VLCKD + DHA 
group reductions in body weight (92.1 ± 8.7 vs. 72.3 ± 7.1 
kg; p < 0.05), FM (34.4 ± 5.3 vs. 26.3 ± 5.3 kg; p < 0.05), 
WC (109.1 ± 8.0 vs. 89.1 ± 5.2 cm; p < 0.05), glycemia 
(105.0 ± 17.5 vs. 89.0 ± 7.7 mg/dL; p < 0.05), the HOMA-
IR index (3.8 ± 1.9 vs. 1.2 ± 0.4; p < 0.05), total choles-
terol (195.8 ± 41.9 vs. 177.1 ± 43.2 mg/dL; p < 0.05), and 
TG (150.6 ± 71.2 vs. 83.9 ± 31.4 mg/dL) were observed.

Goday et al. [28] conducted a controlled trial including 
89 adult patients with obesity and type 2 diabetes ran-
domly allocated to either VLCKD (n = 45; mean age = 
54.89 ± 8.81 years and BMI 33.25 ± 1.52) or standard LCD 
based on American Diabetes Association (ADA) guide-
lines (n = 45; mean age = 54.17 ± 7.97 years and BMI  
32.88 ± 1.60). Clinical outcomes were assessed at base- 
line and at the 4-month follow-up. A significant reduc-
tion in body weight (91.5 ± 11.4 vs. 76.8 ± 9.1 kg; p < 
0.0001), WC (108.1 ± 8.6 vs. 96.1 ± 7.6 cm; p < 0.0001), 
fasting glycemia (136.9 ± 34.4 vs. 108.9 ± 20.4 mg/dL;  
p < 0.0001), HbA1c (6.9 ± 1.1 vs. 6.0 ± 0.7% total Hb; p < 
0.0001), the HOMA-IR index (6.9 ± 4.4 vs. 3.5 ± 1.9; p < 
0.0001), and TG (150.5 ± 54.4 vs. 114.6 ± 57.2 mg/dL;  
p = 0.004) was observed with a VLCKD. On the other 
hand, a reduction only in WC (105.8 ± 8.5 vs. 100.4 ±  
9.2 cm; p = 0.048) and the HOMA-IR index (5.8 ± 2.9 vs. 
4.6 ± 2.5; p = 0.001) was observed in the LCD group.

Gomez-Arbelaez et al. [29] conducted a prospective 
interventional noncontrolled study in 20 adult patients 
with obesity (mean age 47.2 ± 10.2 years and BMI 35.5 ± 
4.4) and who underwent a nutritional intervention based 
on a VLCKD. Anthropometric and body composition as-
sessments were conducted at baseline and at a mean of 40, 
90, and 120 days. At the 6-month follow-up, significant 
weight loss (95.9 ± 16.3 vs. 75.1 ± 11.8 kg; p < 0.05) and a 
reduction in WC (109.4 ± 12.8 vs. 88.6 ± 10.1 cm; p < 
0.05), FM (42.2 ± 9.1 vs. 25.7 ± 5.8 kg; p < 0.05), and FFM 
(52.8 ± 10.2 vs. 49.0 ± 9.7 kg; p < 0.05) were observed.

Gutiérrez-Repiso et al. [30] conducted a randomized 
controlled study recruiting 33 patients with obesity (BMI 
≥30) treated with a weight loss program VLCKD fol-
lowed by an LCD over a period of 4 months of follow-up. 
Participants were allocated randomly to the following 3 
arms: those supplemented with synbiotics during the 
VLCKD and the LCD (n = 15; mean age 48.67 ± 9.16 years 
and BMI 32.82 ± 1.76), those supplemented with a  
placebo during the VLCKD and synbiotics during the 
LCD phase (n = 9; mean age = 47.00 ± 8.97 years and BMI 
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32.96 ± 1.47), and a control group receiving a place- 
bo during the VLCKD and the LCD (n = 9; mean age = 
38.22 ± 11.27 years and BMI 33.14 ± 1.47). In all 3 treat-
ment arms, calorie restriction induced significant chang-
es in body weight (arm 1: 92.74 ± 15.86 vs. 79.78 ± 13.92 
kg, p < 0.01; arm 2: 95.71 ± 9.46 vs. 76.63 ± 12.83 kg, p < 
0.01; and arm 3: 90.58 ± 10.83 vs. 77.62 ± 8.22 kg, p < 
0.01), WC (arm 1: 110.40 ± 10.88 vs. 97.53 ± 9.13 cm,  
p < 0.01; arm 2: 111.22 ± 7.12 vs. 95.67 ± 7.09 cm, p < 0.01, 
and arm 3: 109.67 ± 6.30 vs. 93.67 ± 5.74 cm, p < 0.01), 
FM (arm 1: 38.99 ± 8.35 vs. 26.97 ± 3.36 kg, p < 0.01; arm 
2: 36.04 ± 5.89 vs. 23.63 ± 5.39 kg, p < 0.01; and arm 3: 
34.20 ± 4.35 vs. 24.33 ± 5.33 kg, p < 0.01), and FFM (arm 
2: 59.67 ± 11.31 vs. 55.98 ± 9.80 kg, p < 0.01; and arm 3: 
56.40 ± 11.69 vs. 53.29 ± 10.45 kg, p < 0.01). Significant 
improvements were also observed in biochemical vari-
ables such as glycemia (arm 1: 93.13 ± 10.80 vs. 87.93 ± 
10.24 mg/dL, p < 0.05; and arm 3: 88.77 ± 11.37 vs.  
78.44 ± 4.30 mg/dL, p < 0.01), HDL cholesterol (arm 1: 
57.07 ± 10.56 vs. 63.57 ± 11.02 mg/dL, p < 0.05; arm 2: 
56.62 ± 11.68 vs. 67.11 ± 15.96 mg/dL, p < 0.05; and arm 
3: 50.77 ± 14.43 vs. 62.00 ± 15.81 mg/dL, p < 0.01), and 
TG (arm 1: 133.33 ± 84.02 vs. 89.53 ± 31.37 mg/dL, p < 
0.05; and arm 2: 146.11 ± 77.85 vs. 75.55 ± 28.71 mg/dL, 
p < 0.05).

Leonetti et al. [31] conducted a prospective noncon-
trolled study in which they evaluated the effectiveness of 
a sequential diet composed of a VLCKD (10 days), fol-
lowed by a VLCD (10 days) and finally a LCD (10 days), 
in 50 patients affected by obesity (mean age = 47.4 ± 11.2 
years and BMI 53.5 ± 8.4) who were scheduled for lapa-
roscopic bariatric surgery. Body weight (150.4 ± 26.3 vs. 
137.6 ± 22.5 kg; p < 0.0001), BMI (53.5 ± 8.4 vs. 49.2 ± 8.7; 
p < 0.0001), and WC (145.0 ± 15.6 vs. 126.4 ± 16.5 cm;  
p < 0.003) were significantly lower after 1 month of a se-
quential diet regime. However, the lipid profile did not 
show significant changes from baseline to 1 month.

Merra et al. [13] conducted a double-blind study in 18 
adult participants with a BMI ≥25 and a FM ≥25% in 
males and ≥30 in females and who were randomized to a 
VLCKD integrated with amino acids (n = 9; mean age = 
45.50 ± 16.39 years and BMI 33.69 ± 3.51) or a VLCD  
(n = 9; mean age = 49.33 ± 13.78 years and BMI 29.21 ± 
1.07). Anthropometric data and body composition were 
assessed at baseline and after 3 weeks. Significant weight 
loss was noticed in the VLCKD (99.78 ± 4.57 vs. 92.80 ± 
4.78 kg; p = 0.00) and VLCD (74.77 ± 5.04 vs. 68.80 ± 4.24 
kg; p = 0.00) groups, accompanied by a reduction in FM 
(VLCKD: 37.24 ± 9.31 vs. 34.79 ± 9.38 kg; p = 0.02; VLCD: 
33.06 ± 3.60 vs. 30.59 ± 3.65 kg; p = 0.00). Interestingly, 

the VLCKD group showed a reduction in WC (103.90 ± 
5.98 vs. 98.40 ± 5.91 cm; p = 0.00) and conservation of the 
FFM (53.01 ± 12.86 vs. 54.93 ± 8.96; p = 0.75), while the 
VLCD group showed no change in WC (84.72 ± 2.73 vs. 
83.75 ± 7.05 cm; p = 0.34) and a significant decrease in 
FFM (39.00 ± 3.03 vs. 35.70 ± 3.09 kg; p = 0.00).

Moreno et al. [32] conducted a controlled trial includ-
ing a total of 79 patients with obesity randomized to a 
VLCKD (n = 27; mean age 44.4 ± 8.6 years, body weight 
97.9 ± 18.9 kg, and BMI 35.1 ± 4.5) or a standard LCD  
(n = 26; mean age 46.3 ± 9.3 years, body weight: 92.1 ± 
17.7 kg, and BMI 35.1 ± 5.3) over a 1-year follow-up. Both 
arms received external support counselling to perform 
physical activity and adhered to the diet. Body weight, 
WC, and BMI were the primary outcome measures. The 
main secondary outcomes were cardiovascular risk fac-
tors, adherence, body composition (i.e., FM and FFM), 
and other metabolic parameters (i.e., FBG, HbA1c, HDL 
and LDL cholesterol, TG, and others). Briefly, the weight 
reduction in the VLCKD and LCD groups was 13.6 ± 3.9 
and 4.8 ± 2.7 kg (p < 0.0001), respectively, at 2 months, 
and this significant difference was maintained at the end 
of the follow-up (19.9 ± 12.3 vs. 7.0 ± 5.6 kg: p < 0.0001). 
Moreover, at the 1-year follow-up most of the patients in 
the VLCKD group had lost > 10% of their initial body 
weight and their lean mass was well preserved. The same 
authors later published their data on a longer follow-up 
that reached 24 months [10], apparently in a subgroup of 
their previous study, with potential samples overlapping; 
their aim was to evaluate the long-term effect of VLCKD 
(n = 22) versus LCD (n = 23) in terms of body weight, W 
and FM in a randomized trial. At 24 months, the VLCKD, 
when compared to the LCD, induced a significantly ma-
jor reduction in body weight (–12.5 vs. –4.4 kg; p < 0.001), 
WC (–11.6 vs. 4.1 cm; p < 0.001), FM (–8.8 vs. 3.8 kg; p < 
0.001), and visceral fat (–600 g vs. –202 g; p < 0.001).

Perticone et al. [33] conducted a randomized con-
trolled trial enrolling 56 outpatients with obesity who 
went on either a traditional standard hypocaloric Medi-
terranean diet (n = 28; mean age = 50.9 ± 13.3 years, and 
BMI 38.8 ± 4.5) or a VLCKD (n = 28; mean age = 42.6 ± 
6.6 years, and BMI 40.5 ± 10.8). After a 1-year follow-up, 
the standard hypocaloric Mediterranean diet group 
showed significant improvement in the glycemic profile 
represented by FBG (115.3 ± 32.6 vs. 99.7 ± 11.4 mg/dL; 
p = 0.048), HbA1c (6.5 ± 1.5 vs. 5.4 ± 0.18% Hb total; p = 
0.034), and the HOMA-IR index (7.4 ± 0.9 vs. 3.5 ± 0.4;  
p = 0.001), as well as a reduction in TG (158.5 ± 62.3 vs. 
113.0 ± 21.5 mg/dL; p = 0.039). On the other hand, reduc-
tions in WC (119.1 ± 22.9 vs. 95.0 ± 17.4 cm; p = 0.044), 
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HbA1c (6.1 ± 1.4 vs. 5.2 ± 0.15% Hb total; p = 0.022), the 
HOMA-IR index (7.3 ± 0.7 vs. 2.6 ± 0.2; p < 0.0001), and 
TG (151.3 ± 50.0 vs. 72.3 ± 29.6 mg/dL; p = 0.004) were 
observed in the VLCKD group.

Rubini et al. [34] conducted a 2-arm randomized con-
trolled trial including 32 healthy subjects with over-
weight (BMI from 25 to 30). The first arm (n = 16; mean 
age 51.4 ± 12.4 years, body weight 82.0 ± 12.4 kg, and 
BMI 29.3 ± 2.8) followed a VLCKD for 20 days, switch-
ing to a low-carbohydrate nonketogenic diet for 20 days 
more, and finally to a Mediterranean diet for 2 more 
months. The mean body weight at 20 days, 40 days, and 
2 months was 77.8 ± 12.0, 74.8 ± 11.7, and 73.5 ± 12.6 kg, 
respectively. The second arm (n = 16; mean age 44.7 ± 
13.9 years, body weight 77.2 ± 9.8 kg, and BMI 27.5 ± 
2.8.4) followed a Mediterranean diet over the same dura-
tion, with a mean body weight at 20 days, 40 days, and 2 
months of 74.4 ± 10.0, 72.5 ± 9.6, and 72.1 ± 10.7 kg, re-
spectively. Briefly, the average weight loss was 8.4 kg for 
the VLCKD group and 5.1 kg for the Mediterranean diet 
group at 3.5 months of follow-up. Both groups showed a 
reduction in FM, which was more significant for the 
VLCKD group.

Sajoux et al. [35] published a controlled study that in-
cluded 79 patients with obesity; one group went on a 
VLCKD (n = 20; mean age 47.1 ± 10.2 years and BMI 35.5 
± 4.4), another group underwent a nutritional interven-
tion based on a LCD (n = 20; mean age 49.9 ± 9.3 years 
and BMI 35.8 ± 4.5), and a third group comprised of those 
with morbid obesity underwent bariatric surgery (i.e., 
Roux-en-Y gastric bypass, biliopancreatic diversion, and 
sleeve gastrectomy; n = 39; mean age 40.8 ± 10.4 years, and 
BMI 45.6 ± 6.2). All of the patients included in this study 
achieved a statistically significant weight loss. At 4–6 
months of follow-up, the VLCKD diet induced a ∼20-kg 

reduction of body weight (96.0 ± 16.3 vs. 76.6 ± 11.1 kg;  
p < 0.05) compared to the ∼38-kg reduction induced by 
bariatric surgery (121.3 ± 21.5 vs. 81.7 ± 14.3 kg; p < 0.05) 
and the ∼9 kg reduction after the LCD (93.0 ± 13.2 vs. 87.6 
± 12.3 kg; p < 0.05). This was accompanied by a loss of ∼16 
kg of FM (42.2 ± 9.2 vs. 25.7 ± 5.8 kg; p < 0.05) and ∼4 kg 
of FFM (52.8 ± 10.3 vs. 49.1 ± 9.7 kg; p < 0.05) in the 
VLCKD group. Patients who underwent bariatric surgery 
showed a ∼31-kg reduction of FM (62.57 ± 14.9 vs. 31.7 ± 
8.2 kg; p < 0.05) and a ∼7-kg reduction of FFM (56.7 ± 9.9 
vs. 49.6 ± 8.5 kg; p < 0.05), and the LCD induced a ∼7-kg 
reduction of FM (34.6 ± 8.3 vs. 30.7 ± 7.6 kg; p < 0.05) and 
a ∼2-kg reduction of FFM (57.6 ± 11.6 vs. 56.9 ± 11.2 kg; 
p < 0.05). Finally, the 3 weight loss approaches induced a 
significant improvement in the HOMA-IR index, with the 
larger improvement induced by the VLCKD.

Finally, Valenzano et al. [36] conducted small prospec-
tive noncontrolled study including 20 patients with obesity 
(mean age 48 ± 8.2 years and BMI 32.19 ± 4.78) who under-
went an 8-week nutritional intervention based on a VLCKD. 
The VLCKD resulted in significant weight loss (91.33 ± 
17.11 vs. 78.73 ± 13.36 kg; p < 0.001) and a reduction of to-
tal (220.13 ± 50.77 vs. 173.91 ± 32.93 mg/dL; p < 0.05) and 
LDL cholesterol (141.83 ± 36.48 vs. 107.57 ± 27.72 mg/dL; 
p < 0.05), as well as TG (135.54 ± 125.27 vs. 83.25 ± 26.14 
mg/dL; p < 0.05). Finally, a significant decrease in total FM 
(39,208.77 ± 1,432.55 vs. 27,377.0 ± 1,217.48 g; p < 0.001) 
and visceral adipose tissue (1,541.55 ± 141.63 vs. 927.79 ± 
104.92 g; p < 0.001) was observed.

Meta-Analysis
Fourteen of the 15 included studies underwent meta-

analysis, and only 1 study was excluded [10] because of 
potential sample overlapping. The primary outcome was 
the change in body weight and BMI from baseline to fol-

Fig. 3. Forest plots of the changes in clinical outcomes. a Weight 
loss (kg) after 1 month of VLCKD. b Weight loss as BMI after 1 
month of VLCKD. c Weight loss (kg) after 2 months of VLCKD. 
d Weight loss as BMI after 2 months of VLCKD. e Weight loss (kg) 
after 4–6 months of VLCKD. f Weight loss as BMI after 4–6 
months of VLCKD. g Weight loss (kg) after 12 months of VLCKD. 
h Weight loss as BMI after 12 months of VLCKD. i Comparison of 
mean weight loss (kg) between VLCKD and controls. j Compari-
son of mean weight loss as BMI between VLCKD and controls.  
k Reduction of WC (cm) after VLCKD. l Comparison of mean dif-
ference in WC (cm) between VLCKD and controls. m Reduction 
of FM (kg) after VLCKD. n Comparison of the mean difference in 
FM (kg) between VLCKD and controls. o Reduction of FFM (kg) 
after VLCKD. p Comparison of the mean difference in FFM (kg) 
between VLCKD and controls. q Reduction of glycemia (mg/dL) 

after VLCKD. r Comparison of the mean change in glycemia (mg/
dL) between VLCKD and controls. s Change in HbA1c after 
VLCKD. t Comparison of the mean change in HbA1c between 
VLCKD and controls. u Change in HOMA-IR after VLCKD.  
v Comparison of the mean change in HOMA-IR between VLCKD 
and controls. w Change in serum total cholesterol (mg/dL) after 
VLCKD. x Comparison of the mean change in serum total choles-
terol (mg/dL) between VLCKD and controls. y Change in serum 
LDL cholesterol (mg/dL) after VLCKD. z Comparison of the mean 
change in serum LDL cholesterol (mg/dL) between VLCKD and 
controls. aa Change in serum HDL cholesterol (mg/dL) after 
VLCKD. bb Comparison of the mean change in serum HDL cho-
lesterol (mg/dL) between VLCKD and controls. cc Change in se-
rum TG (mg/dL) after VLCKD. dd Comparison of the mean 
change in serum TG (mg/dL) between VLCKD and controls.

(For figure see next pages.)
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low-up with a VLCKD. Secondary outcomes were chang-
es in body composition (expressed as WC in cm, FM in 
kg, and FFM in kg), the glycemic profile (expressed as 
glycemia in mg/dL, glycosylated hemoglobin HbA1c in % 
total Hb, and the HOMA-IR index), and the lipid profile 

(expressed as total cholesterol, in LDL and HDL choles-
terol, and TG in mg/dL) from baseline to follow-up with 
a VLCKD. Moreover, comparisons between a VLCKD 
and any other weight loss intervention (i.e., mainly LCD) 
of the same duration were performed (Fig. 3).

3
(Figure continued on next pages.)
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Body Weight Status
At the 1-month follow-up a VLCKD was associated 

with a weight loss of –7.48 kg (95% CI –9.63 to –5.34; I2 = 
0%) and a reduction of the BMI of –3.25 (95% CI –3.86 to 
–2.63; I2 = 0%; Fig. 3a, b). In the same direction, at the 

2-month follow-up a VLCKD was associated with a weight 
loss of –15.04 kg (95% CI –17.79 to –12.29; I2 = 0%) and a 
reduction of the BMI of –5.48 (95% CI –6.14 to –4.83;  
I2 = 0%; Fig. 3c, d). At the intermediate weight loss follow-
up, i.e., at the 4- to 6-month follow-up, a VLCKD was as-

3

(Figure continued on next pages.)



VLCKD and Obesity 235Obes Facts 2021;14:222–245
DOI: 10.1159/000515381

sociated with a weight loss of –16.76 kg (95% CI –19.08 to 
–14.43; I2 = 25%) and a reduction of the BMI of –6.16 (95% 
CI –7.04 to –5.28; I2 = 74%; Fig. 3e, f). At the 12-month 
follow-up, a VLCKD was associated with a weight loss of 
–21.48 kg (95% CI –28.40 to –14.56; I2 = 0%) and a reduc-
tion of the BMI of –7.11 (95% CI –8.84 to –5.38; I2 = 0%; 

Fig. 2g, h). In a comparison between a VLCKD and other 
weight loss interventions of the same duration, the former 
showed a major significant mean weight loss (p = 0.0007) 
in terms of body weight (–7.06 kg; 95% CI –11.16 to –2.97; 
I2 = 97%; p = 0.0007) and BMI (–2.45; 95% CI –3.88 to 
–1.01; I2 = 98%; p = 0.0008; Fig. 3i, j).

3

(Figure continued on next pages.)
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Body Composition
A significant reduction of WC from baseline was ob-

served after VLCKD (–16.53 cm; 95% CI –19.71 to 
–13.36; I2 = 69%; Fig. 3k). Moreover, the comparison be-
tween VLCKD and other weight loss interventions of 
same duration showed a larger mean reduction of WC 
(–8.33 cm; 95% CI –11.34 to –5.33; I2 = 92%; p < 0.00001; 
Fig. 3l). In the same direction, a significant reduction of 

FM from baseline was observed after a VLCKD (–11.12 
kg; 95% CI –14.26 to –7.97; I2 = 80%). In addition, com-
pared to any weight loss intervention, a VLCKD showed 
superiority in the reduction of FM (–9. 35 kg; 95% CI 
–13.29 to –5.41; I2 = 95%; p < 0.00001; Fig. 3m, n). On the 
other hand, although the reduction in FFM after a 
VLCKD was –2.96 kg (95% CI –5.12 to –0.80; I2 = 0%), 
this was not significantly different from the reduction in 

3
(Figure continued on next pages.)
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FFM caused by other weight management interventions 
(p = 0.65; Fig. 3o, p).

Glycemic Profile
In terms of fasting glycemia, a significant reduction of 

–8.85 mg/dL (95% CI –10.97 to –6.72; I2 = 36%) was ob-
served after a VLCKD, but this effect was not superior to 

that of other types of weight loss interventions (p = 0.21; 
Fig.  3q, r). In the same way, a significant reduction in 
HbA1c (–0.43%; 95% CI –0.70 to –0.16; I2 = 77%) was 
observed after a VLCKD, without significant differences 
in comparison to other weight loss treatments (p = 0.14; 
Fig. 3s, t). On the other hand, a reduction in the HOMA-
IR index from baseline after a VLCKD (–2.30; 95% CI 

3

(Figure continued on next pages.)
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–3.50 to –1.11; I2 = 96%) was observed. A VLCKD had a 
superior effect in reducing the HOMA-IR index by –1.36 
(95% CI –2.14 to –0.57; I2 = 98%; p < 0.00001), i.e., more 
than the other weight loss programs (Fig. 3u, v).

Lipid Profile
A reduction in total cholesterol after VLCKD (–17.95 

mg/dL; 95% CI –23.46 to –12.44; I2 = 0%) was observed, 
with a VLCKD having a larger effect in reducing total 
cholesterol by –7.13 mg/dL with respect to other types of 

weight loss interventions (95% CI –9.71 to –4.55; I2 = 
51%; p < 0.00001; Fig. 3w, x). A significant reduction in 
LDL of –9.04 mg/dL from baseline to follow-up after a 
VLCKD (95% CI –13.94 to –4.15; I2 = 29%) was observed. 
However, a VLCKD did not demonstrate a superior effect 
in terms of LDL reduction compared to other weight loss 
diets (p = 0.12; Fig. 3y, z). HDL showed no change from 
baseline to follow-up after a VLCKD (p = 0.85), and in-
terestingly when we compare the mean change in HDL 
cholesterol between a VLCKD and other weight loss in-

3
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terventions we noticed a significant difference between 
the two (+3.14; 95% CI 0.70–5.59; I2 = 84%; p = 0.01; 
Fig.  3aa, 3bb). Finally, a significant reduction in TG 
(–49.68 mg/dL: 95% CI –58.81 to –40.55; I2 = 55%) was 
observed after a VLCKD. The reduction of TG was larger 
after a VLCKD (∼–29.90 mg/dL; 95% CI –42.47 to –17.32; 
I2 = 89%; p < 0.00001) compared to other diets (Fig. 3cc, 
dd).

Indications and Contraindications of VLCKD

The main indications for the use of VLCKD in obe-
sity are: severe obesity, treatment of obesity with bariat-
ric indications in the preoperative period before the 
bariatric procedure, sarcopenic obesity, and obesity as-
sociated with hypertriglyceridemia and/or hyperten-
sion and/or type 2 diabetes and/or metabolic syndrome 

3
(Figure continued on next page.)
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and/or NAFLD and/or obstructive sleep apnea syn-
drome and/or bone diseases or severe arthropathy [12, 
37].

Absolute contraindications are: type 1 diabetes melli-
tus, latent autoimmune diabetes in adults, β-cell failure in 
type 2 diabetes mellitus, use of sodium/glucose cotrans-
porter 2 (SGLT2) inhibitors (risk of euglycemic diabetic 
ketoacidosis), pregnancy and breastfeeding, kidney fail-
ure and severe chronic kidney disease, liver failure, hearth 
failure (NYHA III–IV), respiratory insufficiency, unsta-

ble angina, a recent stroke or myocardial infarction (<12 
months), cardiac arrhythmias, eating disorders and other 
severe mental illnesses, alcohol and substance abuse, ac-
tive/severe infections, frail elderly patients, 48 h prior to 
an elective surgery or invasive procedures and a periop-
erative period, rare disorders such as porphyria, carnitine 
deficiency, carnitine palmitoyltransferase deficiency, car-
nitine-acylcarnitine translocase deficiency, mitochondri-
al fatty acid β-oxidation disorders, and pyruvate carbox-
ylase deficiency [12, 37].

3
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Side Effects of VLCKD and Their Medical 
Management

The VLCKD is a nutritional approach that has signifi-
cant beneficial effects on anthropometric and metabolic pa-
rameters and on body composition. To prevent side effects 
and to assess the efficacy of VLCKD, it is suggested to carry 
out periodic monitoring through a physical examination 
and laboratory assessment as reported in Table 2.

Common Side Effects
Dehydration-Related Disorders
Ketone bodies usually produced during the active 

stage of a VLCKD are passed via frequent and increased 
urination. This can lead to dehydration and a loss of elec-
trolytes [38]. Dehydration-related disorders are mostly 
represented by a dry mouth, headache, dizziness/ortho-
static hypotension, lethargy, and visual disturbances [8]. 
Thus, it is advisable to recommend a proper water intake 
(at least 2 L daily), in particular during the ketogenic 
state. Since liquid formulations of the analgesic could 
contain sugar, it is preferable to take analgesics as pills to 
relieve headache. The most common electrolyte altera-
tions are represented by hyponatremia and hypomagne-
semia, which are potentially a link not only to dehydra-
tion but also to the scarce intake of these micronutrients. 
Subjects with a normal sodium equilibrium experience 
natriuresis for a few days, usually from day 2 to day 6, 
with the peak natriuresis occurring on day 4, and after 
that they spontaneously recover. Mild kaliuresis occurs 

from day 5 to day 7 of the fast, after which there is a re-
turn to a positive potassium balance [39]. If there are no 
contraindications, an increased salt intake (2–3 g/day, 
except in hypertension, chronic kidney disease, or chron-
ic heart failure) should be recommended to subjects with 
hypotension-related symptoms. Muscle cramps and 
sleep disturbances can be attenuated by the administra-
tion of magnesium.

Transient Hypoglycemia
Transient hypoglycemia could occur in the initial pe-

riod of the active stage but also during the initial step-wise 
increase in caloric intake in the nonfasting protocol [38]. 
The acute calorie restriction along with the properties of 
ketone bodies to stimulate insulin secretion may result in 
transient hypoglycemia [40]. Furthermore, the decrease 
in FM consequent to weight loss results in decreased oxi-
dation of lipids and increased oxidation of glucose. This 
net effect of the shift in oxidation of fuels improves glu-
cose metabolism through the reduction of insulin resis-
tance [41].

The decrease in hepatic triacylglycerol as a conse-
quence of the reduced carbohydrate intake usually im-
proves hepatic insulin resistance and thus reduces hepat-
ic glucose production [42]. If hypoglycemia occurs, it is 
usually clinically mild and not associated with hypoglyce-
mic symptoms. In the rare case where the blood glucose 
level is < 40 mg/dL and hypoglycemia is symptomatic, 
carbohydrate-containing beverages such as orange juice 
are recommended.

Table 2. Parameters monitored during a VLCKD

Parameters Baseline During the
active stage

At the end of 
the active 
stage

At the end of 
the reintro-
duction stage

Antropometric assessment
Weight, height, and BMI X X X X
Body composition and hydration status (by bioelectrical impedance analysis) X X X X

Laboratory assessment
Complete blood count with platelets X X X X
Sodium, potassium, magnesium, and inorganic phosphate X X X X
Serum liver and kidney tests (including albumin, AST, ALT, blood urea nitrogen, 

creatinine, γ-GT, and total and direct bilirubin) X X X X
Fasting lipid profile X X
25(OH)D, calcium X X
Glucose and insulin X X
β-hydroxybutyrate (capillary blood or urine) X
TSH and FT4 X
Complete urinalysis and microalbuminuria (urine) X X X X
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Halitosis
Subjects often report bad breath with a fruity smell 

once they reach full ketosis. This is caused by the in-
creased ketone levels and in particular by an increase of 
acetone [43]. Chewing sugar-free gum and/or candy 
could be a strategy to manage this discomfort.

Gastrointestinal Side Effects
Nausea/vomiting, diarrhea, and constipation are the 

most common gastrointestinal side effects of a VLCKD 
and they can often lead to VLCKD discontinuation [38]. 
Diarrhea is usually easily manageable with short-term an-
tidiarrhea medication. Diarrhea could be due to defective 
absorption and intolerance of fat. The high content of lip-
ids can slow gastric emptying, favoring gastroesophageal 
reflux disease, nausea, and vomiting. Relief of this symp-
tom could come from small and frequent meals, the spo-
radic use of gastrointestinal drugs such as antiemetics, 
gastrointestinal tract regulators, and antiacids. A de-
creased in water intake, fiber, and/or the volume of food 
can cause the onset to constipation [44]. If this is the case, 
it is recommended to increase the water and fiber intake 
and, in severe cases, the administration of low-calorie 
bulk laxatives and/or intermittent enemas. If subjects re-
fer preexisting constipation, diverticular disease or hem-
orrhoids, it is recommended to prescribe extra dietary fi-
ber (psyllium at 3.5 g twice daily) from the beginning of 
the nutritional protocol [45].

Hyperuricemia
Hyperuricemia could be detected in subjects on a 

VLCKD. Indeed, plasma uric acid levels usually increase 
if the diet is low in carbohydrates and they follow a bi-
phasic course, with a peak in 1–2 weeks and then a de-
crease to baseline [46]. Special attention must be paid to 
patients with a prior history of gout because they could 
be more prone to developing exacerbations and they 
could benefit from allopurinol therapy. However, acute 
gouty arthritis has been reported in <1% of subjects on a 
VLCKD [47].

Lipid Profile Changes
A decrease in plasma TG, increased LDL cholesterol, 

and a neutral effect on HDL cholesterol are usually ob-
served. The increase in LDL cholesterol is mostly due to 
a high lipid intake [12], but it is transient and values usu-
ally return to normal levels at the end of the VLCKD [48]. 
If the LDL level does not spontaneously improve after 
returning to a normal diet, the use of cholesterol-reduc-
ing medications should be taken into account.

Rare Side Effects
Hypoproteinemia
The glucogenogenic consumption due to carbohy-

drate restriction could result in hypoproteinemia [49]. 
Increasing the protein intake from 1 to 1.5 g/kg/day could 
be a strategy to manage this side effect.

Hypocalcemia and Bone Damage
Although no studies have been carried out in subjects 

on a VLCKD with the aim of investigating calcium me-
tabolism, it could be hypothesized that a nutritional pro-
tocol rich in acid-ash protein could result in an excessive 
calcium loss because of its acidogenic content because 
calcium works as a buffer in the skeleton through the ac-
tive resorption of bone [36]. Calciuria is positively related 
to net acid excretion and it is not compensated by increas-
ing intestinal calcium absorption [50]. However, calciuria 
seems to be not so excessive as to increase the risk of de-
veloping osteoporosis [50]. Furthermore, in subjects on a 
VLCKD who are supplemented with a calcium intake 
(1,200 mg/day), the calcium balance has been reported to 
be positive [51]. However, since studies mostly on the 
long-term fracture risk are lacking, it is advisable to rec-
ommend an adequate intake of calcium and to treat vita-
min D deficiency in order to restore vitamin D levels to 
normal during a VLCKD. Particular attention should be 
paid to subjects with osteopenia/osteoporosis who are at 
a high risk of developing fractures.

Urolithiasis
Chronic acidosis, dehydration, and fat malabsorption 

occurring during a VLCKD could predispose to urolithi-
asis [52, 53]. The stones mostly consist of uric acid, cal-
cium oxalate, or a mixture of calcium oxalate and calcium 
phosphate/uric acid [52, 53]. This disorder is more com-
mon if there are risk factors such as a young age, a family 
history of kidney stones, and a urine Ca/Cr ratio >0.2 
[52]. An adequate water intake (at least 2 L daily) along 
with the administration of oral potassium citrate is rec-
ommended to alkalinize urine, mostly in subjects with 
risk factors.

Gallstones
Weight loss during a VLCKD could increase the risk 

of developing gallstones, as previously reported after rap-
id weight loss, either via a VLCD or via bariatric surgery 
[54]. Supersaturation of bile with cholesterol, leading to 
cholesterol crystallization and stone formation, and in-
sufficient gallbladder emptying due to impaired motility 
are the 2 most commonly suggested mechanisms for gall-
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stone formation [55]. However, a fat intake of at least 
7–10 g daily could be the threshold for maintaining an 
efficient gallbladder emptying [56].

Hair Loss
A significant negative nitrogen balance could account 

for hair loss occurring during a VLCKD. Indeed, when 
the mobilization of body protein plus dietary protein is 
not able to meet the requirements, the low priority of hair 
growth for the available protein is responsible for the telo-
gen effluvium [57]. However, the hair loss is transient and 
hair grows as well as weight stabilizes. An increased pro-
tein intake during a VLCKD in order to equilibrate the 
nitrogen balance contributes to the prevention of hair 
loss.

Discussion

The aim of this paper was to provide benchmark data 
on the effects of VLCKD in terms of short- and interme-
diate-term weight loss and changes/improvement in 
body composition patterns and glycemic and lipid pro-
files. The systematic review and meta-analysis included 
15 studies who were objectively judged to be of a high 
quality and yielded 4 main findings. The first finding was 
that a VLCKD is associated with a significant reduction 
in body weight and BMI at 1, 2, 4–6, 12, and 24 months, 
it and appears to be associated with larger weight loss 
rates compared to other diets with a different energy con-
tent (i.e., LCD and VLCD) of the same duration. The sec-
ond finding is that a VLCKD is associated with a signifi-
cant reduction of WC (an expression of central fat) and 
FM, and this reduction is significantly larger than those 
achieved with other weight loss interventions of the same 
duration. However, the reduction in FFM after a VLCKD 
was not significantly different from the reduction in FFM 
caused by other weight management interventions, 
meaning that a VLCKD does not have a better effect in 
conserving the lean mass as has been speculated by some 
authors. The third finding is in terms of glycemia and 
HbA1c, with a significant reduction detected after a 
VLCKD, without superiority in comparison to other 
types of weight loss interventions. On the other hand, a 
VLCKD was associated with a reduction of the HOMA-
IR index and an improvement in insulin sensitivity, and 
this effect was superior to that of other weight loss pro-
grams. The fourth finding is that a VLCKD was associ-
ated with a reduction in total cholesterol and it was noted 
to have a major effect in reducing the total cholesterol 

compared to other weight loss programs. In the same di-
rection, a VLCKD led to a significant reduction in LDL 
from baseline to follow-up after VLCKD; however it did 
not demonstrate a superior effect compared to other 
weight loss diets in terms of LDL reduction. On the other 
hand, no change was detected in HDL from baseline to 
follow-up after a VLCKD, and interestingly no differenc-
es were detected when we comparing the mean change in 
HDL cholesterol between a VLCKD and other weight loss 
interventions. Finally, a significant reduction in TG from 
baseline was associated with a VLCKD and it was shown 
to be superior compared to other diets.

The main findings of our study should be considered 
robust, as we strictly adhered to PRISMA guidelines, and 
this methodological robustness lends weight to the valid-
ity of the conclusions. The studies included in this docu-
ment were extremely well designed, including both ran-
domized samples and appropriate control groups. Final-
ly, the instruments used in all of the studies to assess the 
anthropometric and metabolic outcomes have been am-
ply validated and acknowledged in both clinical and re-
search settings.

One major concern regards the side effects of VLCKD. 
Indeed, few studies have been carried out in subjects with 
obesity and no study has been set up to specifically assess 
the side effects. Nevertheless, the included studies that did 
report side effects associated with ketogenic diets found 
no meaningful common side effects. They are mostly: de-
hydration-related disorders, transient hypoglycemia, hal-
itosis, gastrointestinal disorders, hyperuricemia, and lip-
id profile changes. They are reported to be clinically mild 
and often recovery occurs spontaneously. Side effects 
could be prevented and managed by adhering to appro-
priate indications and contraindications for VLCKD, by 
following well-organized and standardized protocols, 
and by performing adequate clinical and laboratory mon-
itoring; for instance, close lipid profile monitoring is im-
portant since VLCKD are high-fat low-carbohydrate ad-
equate protein diets that may create a subsequent spike in 
the plasma levels of total cholesterol and TG, which could, 
in turn, raise the risk for cardiovascular diseases. There-
fore, VLCKD should be carried out under the supervision 
of a health professional.

Conclusions and Recommendations

After a careful systematic review and meta-analysis of 
the current evidence, and considering the potential side 
effects, VLCKD can be recommended as an effective di-
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etary treatment for individuals with obesity, in particular 
for patients with severe obesity and/or comorbidities 
(joint diseases, preoperative period of bariatric surgery, 
and cardiovascular and metabolic diseases) who need im-
mediate and substantial weight loss. Therefore, VLCKD 
can be prescribed targeting a specific population of pa-
tients with obesity after consideration of the potential 
contraindications and under medical surveillance. How-
ever, it is important to personalize the diet, based on the 
patient’s preferences, allowing food choices within the 
VLCKD protocol. After achievement of the weight target 
with VLCKD, implementation of long-term lifestyle 
strategies (physical activity and nutritional counselling) 
is strongly recommended to reduce the risk of weight re-
gain in the long term.
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Abstract: Historically, low-carbohydrate (CHO) and very-low-CHO diets have been used for weight loss.
Recently, these diets have been promoted for type 2 diabetes (T2D) management. This scientific state-
ment provides a comprehensive review of the current evidence base available from recent systematic re-
views and meta-analyses on the effects of low-CHO and very-low-CHO diets on body weight, lipoprotein
lipids, glycemic control, and other cardiometabolic risk factors. In addition, evidence on emerging risk
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factors and potential safety concerns of low-CHO and very-low-CHO diets, especially for high-risk in-
dividuals, such as those with genetic lipid disorders, was reviewed. Based on the evidence reviewed, low-
CHO and very-low-CHO diets are not superior to other dietary approaches for weight loss. These diets
may have advantages related to appetite control, triglyceride reduction, and reduction in the use of medi-
cation in T2D management. The evidence reviewed showed mixed effects on low-density lipoprotein
cholesterol levels with some studies showing an increase. There was no clear evidence for advantages
regarding effects on other cardiometabolic risk markers. Minimal data are available regarding long-
term (.2 years) efficacy and safety. Clinicians are encouraged to consider the evidence discussed in
this scientific statement when counseling patients on the use of low-CHO and very-low-CHO diets.
� 2019 National Lipid Association. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Historically, dietary strategies that restrict carbohydrate
(CHO) have been used for weight loss.1–4 There is growing
interest in low-CHO and very-low-CHO diets for patients
with prediabetes and type 2 diabetes (T2D) to improve gly-
cemic control and other cardiometabolic risk factors (eg,
high blood pressure and atherogenic dyslipidemia).1–6

There are proposed benefits of these diets for other condi-
tions (eg, acne, cancer, neurological diseases, and polycy-
stic ovary syndrome)3 and performance enhancement in
athletes.7 There have been anecdotal reports of improved
mood, cognitive function, and energy levels with the use
of low-CHO and very-low-CHO diets for weight loss,
which have not generally been supported by findings
from controlled studies.8–11 In addition, very-low-CHO di-
ets have become popular because of the perception they are
healthier than currently recommended dietary patterns.12

There are several types of CHO-restricted diets, some of
which restrict CHO to very low levels without restricting
dietary protein and fat (eg, Atkins-style diet), whereas
others allow moderate CHO intake with moderate protein
and fat intake (eg, South Beach, Zone). Contemporary
very-low-CHO diets limit protein to moderate levels to
induce ketosis without restricting fat or total calories.1 A
very-low-CHO ketogenic diet (KD) has been used for the
treatment of intractable epilepsy since the 1920s. The
classic KD is precisely calculated to induce ketosis while
providing adequate nutrition to prevent malnutrition and
promote normal growth and development in children.13,14

Some individuals participate in medically supervised low-
CHO and very-low-CHO diets for weight loss and/or
T2D management; however, many follow these diets
without medical supervision. In a 2018 survey of Ameri-
cans between 18 and 80 years of age (n 5 1009), 16% re-
ported following some type of low-CHO eating pattern in
the past year.15

There is some evidence that low-CHO and very-low-CHO
diets elicit weight loss with ad libitum intake and without feel-
ings of deprivation and hunger.1 In addition, reduced CHO
intake results in decreased insulin levels, which has been hy-
pothesized to produce cardiometabolic benefits.3,4,16 However,
low-CHO and very-low-CHO diets that are high in saturated
fatty acid (SFA)-rich foods and low in nutrient-dense CHO

foods are inconsistent with evidence-based dietary strategies
recommended by professional organizations.17–20

This National Lipid Association (NLA) Scientific State-
ment reviews the characteristics of low- and very-low-CHO
diets and their impacts on metabolic pathways, examines
the evidence on the effects of these diets on weight loss,
dyslipidemia, and other cardiometabolic risk factors, and
makes recommendations for clinicians about the use of
these diets in adults in clinical practice. The specific
content of this scientific statement includes:

� a description of CHO-restricted diets;
� a brief review of very-low-calorie KDs;
� the impact of nutritional ketosis on energy and choles-

terol metabolism;
� the differential effects of CHO-restricted diets on the de-

terminants of energy balance and body weight;
� the evidence base for short- and long-term effects on

weight loss, body composition, and cardiometabolic
risk factors;

� safety concerns and adverse effects; and
� points to consider for the clinician-patient discussion on

the use of low-CHO and very-low-CHO diets.

Definition of CHO-restricted diets

The terminology and definitions used for CHO-restricted
diets vary considerably and are often defined based on the
proportion of total daily energy (TDE) from CHO and/or
absolute CHO intake. In this review, a CHO-restricted diet
is defined as CHO intake below the lower boundary of the
acceptable macronutrient distribution range for healthy
adults (45–65% TDE).20,21 A moderate-CHO diet is defined
as 26–44% TDE from CHO (130–225 grams CHO/d for a
reference 2000 kcal diet), a low-CHO diet as 10–25%
TDE from CHO (50–130 grams CHO/d), and a very-low-
CHO diet as ,10% TDE from CHO (,50 grams CHO/d)
(Table 1).

Description of CHO-restricted and ketogenic
diets

Low- and moderate-CHO diets can be moderate or high
in fat and moderate or high in protein and do not result in
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nutritional ketosis due to higher contents of both CHO and
protein.4,22 Ketosis can be predicted for a CHO-restricted
diet based on its ketogenic ratio (the ratio of the sum of
ketogenic factors to the sum of anti-ketogenic factors):

KR 5 (0.9 F 1 0.46 P)/(1.0 C 1 0.58 P 1 0.1 F), where
F is grams of fat, P is grams of protein, and C is grams
of CHO.25

The ratio that consistently induces ketogenesis is $2,25

with 1.5 typically being the lower ketogenic threshold.25,26

Zilberter and Zilberter25 reviewed 62 studies that reported
on prescribed dietary interventions described as ‘‘ketogenic’’
and found that only 25 of the 62 studies had a ketogenic ratio
.1.5, which illustrates the complexity of interpreting the
available evidence on KDs, much of which appears to be
from investigations that did not truly assess KDs.

Low- and moderate-CHO diets allow the consumption of
CHO-containing foods that are components of cardiopro-
tective dietary patterns, including vegetables, fruits, whole
grains, nuts, seeds, and legumes.17–20,27 These foods are
important sources of fiber, magnesium, B-vitamins, and
bioactive compounds, such as polyphenols, all of which
have been associated with lower risks for dyslipidemia,
atherosclerotic cardiovascular disease (ASCVD) events,
and incident T2D.17–20,27,28

Contemporary very-low-CHO KDs have become popu-
lar among the lay public,12,29 as well as some clinicians and
nutrition scientists.1,29 The current popular version is very
low in CHO (w20–50 g/d or 5–10% TDE), high in fat
(70–80% TDE),22 and emphasizes the replacement of
CHO with fat; thus, it is a very-low-CHO, high-fat
(VLCHF) diet,2 which results in ketosis.4,22 Achieving
ketosis is highly individualized30 and less than 20 g/d of
CHO may be needed in some people.31 In addition, at a
given level of CHO intake, protein quantity appears to in-
fluence the degree of ketosis because some amino acids

are used for gluconeogenesis and stimulate insulin secre-
tion,4 which may reduce hepatic ketone production.30

Therefore, current VLCHF/KDs are typically moderate in
protein intake (1.2–1.5 g/kg/d).4,22 Typically, there is little
emphasis on the type of fat that replaces CHO in
VLCHF/KDs, which may result in a high intake of SFAs
and cholesterol. Furthermore, the severe restriction of
CHO in a VLCHF/KD limits CHO intake to nonstarchy
vegetables31 and eliminates fiber-rich starchy vegetables,
as well as most fruits, legumes, and whole grains,30 which
are foods that have been associated with reduced cardiome-
tabolic risk.27

Medically supervised very-low-calorie ketogenic
diets for the treatment of obesity

Medically supervised very-low-calorie diets (VLCalDs)
have been used for over 40 years for the treatment of
obesity (body mass index [BMI] $30 kg/m2 or a BMI of
$27 kg/m2 with one or more comorbidities).23,32,33 The
energy level of a VLCalD has been defined as
,800 kcal/d33,34 The macronutrient composition of
VLCalDs is typically 0.8–1.5 g protein/kg ideal body
weight to induce rapid weight loss and preserve lean
body mass (LBM) and 15–30 g fat/d. An important point
is that the CHO content in some VLCalDs is 20–50 g/d,
which may induce ketosis, but can be as high as 80 g/
d33; thus, not all VLCalDs are ketogenic23 (Table 1). The
protein-sparing modified fast (PSMF) is a medically super-
vised VLCalD with 500–800 kcal/d, primarily from protein
(1.2–1.5 g/kg ideal body weight). Fat is restricted to only
that found in the protein foods allowed on the diet, such
as lean meat, fish and seafood, and poultry. CHO is
restricted to 20–50 g/d, resulting in ketosis.23,33,35

VLCalDs or PSMFs should be prescribed only in limited
circumstances by trained clinicians. Patients must be medi-
cally supervised due to rapid weight loss and possible

Table 1 Diet classification based on amount of TDE and grams per day from CHO20,22–24

Diet description Ketogenic Calories/d CHO % TDE Protein % TDE Fat % TDE

VLCHF/KD Yes .1000 ,10* (,20–50 g/d) w10% TDE (1.2–1.5 g/kg) 70–80% TDE
Low-CHO No .1000 10–25† (38–97 g/d) 10–30% TDE 25–45% TDE
Moderate-CHO No .1000 26–44† (98–168 g/d) 10–30% TDE 25–35% TDE
High-CHO No .1000 45–65† (169–244 g/d) 10–30% TDE 25–35% TDE
Very-high-CHO No .1000 .65† (.244 g/d) 10–30% TDE 25–35% TDE
VLCalD‡ Varies ,800 Varies Varies Varies
Classic KD Yes Varies 3 7 90

CHO, carbohydrate; VLCHF/KD, very-low-CHO, high-fat ketogenic diet; VLCalD, very-low-calorie diet; PSMF, protein sparing modified fast; TDE, total

daily energy.

*Typically the amount of CHO required to induce ketosis in most people.22

†Based on 1500 calories/d, an energy intake considered hypocaloric for most individuals.

‡VLCalDs vary in macronutrient composition—some may be ketogenic if CHO content is low enough; others may not be if CHO content is.50 g/d. The

PSMF is a subset of VLCalDs and is typically higher in protein to spare LBM with a macronutrient composition of ,20 to 50 g CHO/d, 1.2 to 1.5 g/kg

protein/d, and ,10 to 15% TDE fat.
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health complications, including possible medication adjust-
ments to avoid hypoglycemia and hypotension.23 Although
some medically supervised programs utilize VLCalDs or
PSMFs that are very low in CHO, they are not the focus
of this scientific statement. Readers interested in the spe-
cific details of VLCalDs and PSMFs for adults are encour-
aged to read relevant articles.23,32,33,35

The impact of nutritional ketosis on energy
metabolism

Glucose is typically the sole fuel for the human brain
because fatty acids (FA) cannot cross the blood-brain
barrier. When CHO intake is adequate, insulin promotes
lipogenesis and suppresses ketone production; thus, ketone
concentration is very low (,0.3 mmol/L) vs glucose (w
4 mmol/L).4 After a few days of severe CHO restriction
(,20 g/d), the body’s glucose production from gluconeo-
genesis becomes insufficient and the central nervous sys-
tem (CNS) requires an additional energy source. During
restricted CHO intake, insulin levels decrease and glucagon
levels increase, which impact metabolic pathways in the
liver resulting in decreased lipogenesis and increased mito-
chondrial FA oxidation.30,36 The increased FA oxidation
causes overproduction of acetyl-CoA and the production
of ketone bodies in the hepatic mitochondria. Acetoacetate
is the main ketone body produced and is converted to b-hy-
droxybutyrate and acetone. Ketosis is typically defined as a
blood level of b-hydroxybutyrate $0.3 mmol/L.37,38 Ke-
tone bodies are used as a source of energy for all tissues,
especially skeletal and cardiac muscle, after conversion
back to acetyl-CoA, which is used in the tricarboxylic
acid cycle.4 Because ketone bodies have a similar binding
affinity (a.k.a., Michaelis-Menten [kM] constant) as
glucose for transport to the brain, the CNS begins to use ke-
tone bodies for energy at a plasma concentration of
w4 mmol/L. Ketone levels in healthy people do not gener-
ally exceed 8 mmol/L because the CNS efficiently uses
these molecules for energy in place of glucose.3,4,39

In ketogenesis, glucose levels remain within normal
levels via gluconeogenesis from glucogenic amino acids
and glycerol from hydrolyzed triglycerides (TG). During
the first 3 to 4 days of a KD, the main source of glucose is
via gluconeogenesis from amino acids. If the circumstances
that promote ketogenesis continue, the contribution of
amino acids decreases and the amount of glucose derived
from glycerol increases.4 Based on research examining the
effects of fasting and very-low-CHO diets, metabolic adap-
tation to ketosis takes two weeks or longer to achieve a
steady-state ketone level.16,40,41

The impact of nutritional ketosis on cholesterol
metabolism

Low-CHO and very-low-CHO/KDs appear to have
variable effects on low-density lipoprotein cholesterol
(LDL-C) levels (discussed in a later section) due, in part,

to the hepatocellular effects of low insulin levels. A higher
CHO intake increases insulin levels, which activates HMG-
CoA reductase and increases hepatic cholesterol synthe-
sis.3,4 A lower CHO intake decreases insulin levels and in-
hibits HMG-CoA reductase activation and cholesterol
synthesis while activating HMG-CoA lyase, an enzyme
involved in ketone body production, thus favoring ketogen-
esis.30 There are secondary effects on lipoprotein lipase
(and co-factors), as well as LDL-receptor and PCSK9
expression affecting very-low-density lipoprotein (VLDL)
and LDL clearance and lipoprotein remodeling. The net
impact on serum LDL-C levels is thus mediated by com-
plex mechanisms. It has been proposed that, by lowering
insulin levels, low-CHO diets may inhibit hepatic choles-
terol synthesis.3,4,30 Unless this is counteracted by other
mechanisms, the expected result would be decreased total
cholesterol (total-C) and LDL-C,3,4,30 especially when in-
takes of SFA and dietary cholesterol are not increased4

when CHO consumption is lowered. Thus, LDL-C
response cannot be predicted in the individual, and should
be evaluated in those who choose to follow a low-CHO or
very-low-CHO/KD.

Effects of low-CHO and very-low-CHO diets on
determinants of energy balance and body weight

CHO-restricted diets have significant effects on fac-
tors that influence energy expenditure (EE) and intake.
Results from well-controlled studies have shown that
substitution of fat for CHO results in a higher EE. Hall
et al.42 examined changes in EE in 17 men with over-
weight or obesity consuming an isocaloric habitual
high-CHO diet (50% TDE CHO, 15% TDE protein,
35% TDE fat) for 4 weeks followed by a VLCHF/KD
(5% TDE CHO, 15% TDE protein, 80% TDE fat) for
4 weeks. Participants spent two consecutive days each
week in a metabolic chamber to measure changes in
EE using the doubly labeled water method during the
last two weeks of each dietary phase. During the
VLCHF/KD phase, EE was 57 kcal/d higher as measured
by the metabolic chamber and 151 kcal/d higher as
measured by the doubly labeled water method.

In a randomized controlled trial (RCT), participants who
had lost an average of 12% of body weight were randomly
assigned to weight maintenance diets varying in dietary
CHO, i.e., low (20% TDE), moderate (40% TDE), or high
(60% TDE).43 Protein intake was held constant and energy
from fat was substituted for CHO. Total EE measured with
doubly labeled water was 91 kcal/d higher with the
moderate-CHO group and 209 kcal/d higher in the low-
CHO group compared with the high-CHO group, with a
linear trend of 52 kcal/d per 10% reduction in dietary
CHO.43

Although EE appears to be higher with low-CHO diets
and very-low-CHO/KDs, the mechanisms contributing to
this are incompletely understood. It has been proposed
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that changes in catecholamines and thyroid hormone
levels influence the EE of individuals following these
diets, but associated changes have not been observed in all
studies. In the trial by Hall et al.42 (discussed previously),
there was a significant increase in thyroid-stimulating hor-
mone and free thyroxine (T4) levels, significantly
decreased free and total tri-iodothyronine levels, and
significantly decreased levels of leptin and norepinephrine
in the 17 participants during the VLCHF/KD phase of
their study.

Results from controlled investigations have suggested a
reduced appetite also occurs with CHO restriction, due to
various mechanisms, and contributes to weight
loss.4,38,39,44,45 Westman et al.45 reported that there was a
‘‘spontaneous reduction in calorie intake’’ in studies that
examined the effects of low-CHO diets and very-low-
CHO/KDs on appetite and satiety, which may be partly
mediated through effects of nutritional ketosis on appetite.
Participants report less hunger when they are in ketosis,
although the mechanisms of action of ketosis on hunger
and appetite suppression are not completely understood
and evidence suggests both direct and indirect actions of
ketone bodies and their oxidation.3,30,38,39 The degree to
which ketosis contributes to appetite reduction, indepen-
dent of other variables, such as the quantities of CHO
and protein consumed and oxidized, is uncertain.38 Protein
appears to provide greater satiety than CHO.22,30,38,45,46

However, well-controlled studies that matched protein
intake found that a ketogenic, high-protein diet suppressed
appetite more than a high-protein diet that was not keto-
genic, suggesting that circulating ketone levels have an
impact, independent of protein intake.38 Longer-term,
well-controlled studies are needed to assess the degree to
which appetite suppression occurs with CHO restriction
above the threshold for ketosis, which would allow a higher
intake of nutrient-dense CHO foods (eg, vegetables, fruits,
whole grains, and legumes) that reflect evidence-based car-
dioprotective dietary patterns.38

Low-CHO diets may reduce hunger by influencing
circulating levels of hormones that impact hunger
and appetite control, including ghrelin, leptin, and
cholecystokinin, but study results have been inconsis-
tent.37–39,43,44,47 Ghrelin and cholecystokinin levels were
mildly decreased during ketosis in participants following
a low-CHO, VLCalD/KD,37 whereas ghrelin and leptin
were significantly lower in participants assigned to a
low-CHO (but non-ketogenic) weight maintenance diet
(20% TDE CHO) compared with participants following
a moderate-CHO (40% TDE) or high-CHO (60% TDE)
weight maintenance diet.43 Hu et al.47 found no difference
in change in ghrelin levels or self-reported change in
appetite between the participants consuming a very-low-
CHO diet (,40 g/d) or a low-fat (,30% TDE), high-
CHO (w55% TDE) diet over 12 months. These results
illustrate the many potential factors that influence EE
and appetite during weight loss with low-CHO diets and
very-low-CHO/KDs.

Other possible effects of low-CHO and very-low-CHO
diets on energy balance and body weight are: 1) diuretic
effects of ketosis48,49 and reduced insulin concentration50;
2) increased adipose tissue lipolysis4,48,51,52; 3) reduction
in resting respiratory quotient, reflecting a higher propor-
tion of fat being oxidized for energy4,53–55; and 4) increased
metabolic costs of gluconeogenesis and the thermic effect
of protein.4,32,48,56

Key points

� Low-CHO diets and very-low-CHO/KDs appear to in-
crease EE. The mechanisms contributing to this effect
are incompletely understood.

� Changes in catecholamines and thyroid hormone levels
may influence the EE of individuals following low-
CHO diets and very-low-CHO/KDs.

� Individuals following low-CHO diets and very-low-
CHO/KDs in RCTs reported reduced appetite and hun-
ger. The mechanisms that contribute to this are not clear
but may include changes in gastrointestinal hormones.

Evidence for the effect of low-CHO and very-low-
CHO diets on weight loss

Weight loss in adults with overweight or obesity
Despite favorable effects of low-CHO and very-low-CHO

diets on EE and intake, long-term effects on weight loss may
not be superior to more conventional strategies. According
to the 2013 American Heart Association/American Cardiol-
ogy/The Obesity Society (AHA/ACC/TOS) Guideline for
the Management of Overweight and Obesity in Adults,34

research has not demonstrated any advantage of a very-
low-CHO diet on weight loss at 6 months compared with
a calorie-restricted, low-fat diet. More recently, several sys-
tematic reviews and meta-analyses of RCTs have examined
the effectiveness of low-CHO, high-fat (LCHF) (.30%
TDE fat) vs high-CHO, low-fat (HCLF) diets (,30%
TDE fat) for weight loss in individuals with overweight or
obesity at 3 to 6 months57 or 1 to 2 years.57–60 Participants
assigned to both LCHF and HCLF diets achieved clinically
meaningful weight loss (Table 2, Fig. 1). However, weight
loss was significantly greater with LCHF diets vs HCLF di-
ets when the prescribed diets were hypocaloric,59 when the
prescribed ad libitum LCHF diets were hypocaloric (even
though not required or encouraged),60 and the study duration
was less than 2 years.58

Results for patients with prediabetes63 and T2D57,64267

were similar, with no significant difference for weight
loss between the low-CHO and HCLF diet groups in
long-term studies (Table 2, Fig. 1). Sainsbury et al.68 found
a significant decrease in weight with low-CHO vs HCLF di-
ets at 3 months (weighted mean difference [WMD]
21.08 kg, 95% CI: 21.93, 20.23, n 5 12 studies), but
no difference at .6 months (WMD 20.14 kg, 95% CI:
20.94, 0.65, n 5 9 studies). van Zuuren et al.69 reported
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a significantly greater weight loss at 8–16 weeks (WMD
22.04 kg, 95% CI: 23.23, 20.85; P 5 .0008; n 5 4
studies) with low-CHO vs HCLF diets, but no difference
at any other time. In addition, Snorgaard et al.65 reported
no difference in BMI and waist circumference in their
meta-analysis.

Points to consider regarding the effects of low-CHO
and very-low-CHO diets on weight loss

The results from the meta-analyses discussed previously
support the view that low- and very-low-CHO diets are not
superior for weight loss compared with diets with a higher
quantity of CHO and are difficult to maintain in clinical
trials of adults with overweight and obesity, with or without
prediabetes or diabetes.57–60,63,65–69 In the studies included
in the meta-analyses, mean CHO intake in the low- and
very-low-CHO diet groups at the end of follow-up

exceeded 50 g/d in all except one study.70 Mean CHO
intake in the remaining studies was between 33–47%
TDE by study end.58–60 Attrition was w30% for both the
LCHF and HCLF diet groups in some studies.60

Gardner et al.71 found that when individuals are
educated to consume foods with high dietary quality for
both low-fat and low-CHO diets, weight loss was similar
in both groups. Sacks et al.72 found that satisfaction was
similar among study completers assigned to four different
hypocaloric diets (n 5 645): low-fat, average-protein;
low-fat, high-protein; high-fat, average-protein; and high-
fat, high-protein. However, there was substantial variation
in weight loss achieved with each of the diet conditions
with some individuals in each showing well-above-
average weight loss, suggesting that personal preference
in the selection of a weight loss diet is important and should
be considered.

Table 2 Effect of low-CHO and very-low-CHO diets compared with HCLF diets on weight, lipids, HbA1c, and blood pressures at
1–2 years follow-up reported in meta-analyses

Author # of RCTs
Weight

WMD (95% CI), kg
LDL-C, WMD

(95% CI), mg/dL
HDL-C, WMD

(95% CI), mg/dL

Meta-analyses of studies of adults with overweight and/or obesity
Naude et al. 201457 14 20.48 (21.44 to 0.49) 2.71 (20.39 to 6.19) 1.55 (0.39 to 3.09)
Bueno et al. 201358 13 20.91 (21.65 to 20.17) 4.64 (1.55 to 7.73) 3.48 (2.32 to 4.64)
Schwingshackl & Hoffmann 201359 32 0.15 (20.50 to 0.80);

20.59* (21.04 to 20.15)
3.11 (1.71 to 4.51) 2.35 (1.29 to 3.42)

Mansoor et al. 201660 11 22.17 (23.36 to 20.99) 6.19 (0.12 to 12.8) 5.41 (3.48 to 7.35)
Gjuladin-Hellon et al. 201961 5† NR 1.55 (21.55 to 4.64) 3.48 (0.77 to 5.80)
Sackner-Bernstein et al. 201662 17 22.04‡ (23.15, 20.93) 8.6‡ (3.6 to 13.7) 5.1‡ (3.5 to 6.7)

Meta-analyses of studies of adults with overweight and/or obesity with pre-diabetes and/or type 2 diabetes
Naude et al. 201457 5 0.91 (22.08 to 3.89) 3.87 (22.32 to 10.44) 0.00 (23.48 to 3.09)
Schwingshackl & Hoffmann 201463 14x 20.47 (21.85 to 0.92) 1.55 (25.41 to 8.89) 1.55 (0.00 to 3.09)
Meng et al. 201764 9 20.24 (22.18 to 1.70) 1.55 (23.09 to 6.19) 2.71 (1.16 to 4.25)
Snorgaard et al. 201765 10 0.20 (20.97 to 1.36) 20.39 (23.87 to 2.71) NR
Huntriss et al. 201866 5–7k 0.28 (21.37 to 1.92) 1.93 (23.87 to 7.35) 2.32 (1.55 to 3.48)
Korsmo-Haugen et al. 201967 7–10{ 0.14 (20.29 to 0.57) 1.16 (23.87 to 6.19) 2.32 (20.39 to 5.03)
Sainsbury et al. 201868 25 20.43 (20.93 to 0.07) NR NR
van Zuuren et al. 201869 2–3** 20.14 (21.64 to 1.35) 2.32 (23.09 to 8.12) 4.64 (2.71 to 6.57)

HCLF, high-carbohydrate, low-fat; RCT, randomized control trials; WMD, weight mean difference; LDL-C, low-density lipoprotein cholesterol; HDL-

C, high-density lipoprotein cholesterol; TG, triglycerides; HbA1c, hemoglobin A1c; SBP, systolic blood pressure; DBP, diastolic blood pressure; NR, not

reported.

If all values in the confidence interval are on the same side of zero (either all positive or all negative), the findings are significant.

In this meta-analysis, 14 RCTs were included in the full meta-analysis, but the number of RCTs varied in the analyses involving only participants with

T2D: 5 RCTs were included for SBP, 6 RCTs were included for DBP, 7 RCTs were included for LDL-C, 8 RCTs were included for weight, 9 RCTs were included

for HDL-C, and 10 RCTs were included for TG and HbA1c.

*For hypocaloric diet comparisons only.

†In the Gjuladin-Hellon et al.61 meta-analysis, 8 RCTs were included in the full meta-analysis, but only 5 RCTs were included in the 12 mo 1 meta-

analysis for LDL-C, HDL-C, and TG.

‡The decimal places reported reflect those reported in the published article.

xIn the Schwingshackl & Hoffmann63 meta-analysis, the authors included RCTs of high-fat diets (.30% TDE total fat) of which 6 studies were

classified as low-CHO and 4 were classified as moderate-CHO.

kIn the Huntriss et al.66 meta-analysis, 18 RCTs were included in the full meta-analysis, but only 7 RCTs were included in the 12 mo1 meta-analysis

for HDL-C, TG, HbA1c, SBP, and DBP, 6 RCTs were included for weight, and 5 RCTs were included for LDL-C.

{In the Korsmo-Haugen et al.67 meta-analysis, 23 RCTs were included in the full meta-analysis, but the number of RCTs varied in the 12 mo1 meta-

analyses, which is what is reported in Table 2: 7 RCTs were included for DBP, 8 RCTs were included for SBP, 9 RCTs were included for LDL-C and TG, and 10

were included for weight, HDL-C, and HbA1c.

**In the van Zuuren et al.69 meta-analysis, 33 RCTs and 3 clinical control trials were included in the full meta-analysis, but the number of RCTs

varied in the 12 mo 1 meta-analyses, which is what is reported in Table 2: 2 RCTs were included for weight, LDL-C, HDL-C, TG, SBP, and DBP, and 3 RCTs

were included for HbA1c.
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Key points

� Short-term (#6 months) hypocaloric low-CHO and very-
low-CHO diets may result in greater weight loss than hy-
pocaloric high-CHO, low-fat (HCLF) diets.

� Longer-term (.6 months) results suggest that low-CHO
and very-low-CHO diets may result in weight loss that is
equivalent to that of HCLF diets.

� Very-low-CHO diets are difficult to maintain and are not
clearly superior for weight loss compared with diets that

Cardiometabolic risk factor Adults with overweight or obesity Adults with overweight or obesity and T2D
Weight ** *
LDL-C ** *
HDL-C *** **
TG ** **
HbA1c * **
SBP * **
DBP ** **

Figure 1 Effects of low-CHO and very-low-CHO diets vs high-CHO, low-fat diets on cardiometabolic risk markers at 1–2 years follow-
up.57–69 LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; T2D, type II diabetes; TG, triglycerides;
HbA1c, hemoglobin A1c; SBP, systolic blood pressure; DBP, diastolic blood pressure. *No significant difference between diet groups.
**Mixed results on significant difference between diet groups—some meta-analyses found a significant difference between diet groups,
while others did not. ***Significant difference between diet groups.

TG, WMD
(95% CI), mg/dL

HbA1c WMD
(95% CI), % SBP, WMD (95% CI), mm/Hg DBP, WMD (95% CI), mm/Hg

25.31 (212.4 to 2.66) NR 22.00 (25.00 to 1.00) 20.03 (21.68 to 1.62)
215.9 (223.9 to 27.09) 20.24 (20.55 to 0.06) 21.47 (23.44 to 0.50) 21.43 (22.49 to 20.37)
28.38 (213.5 to 23.25) NR NR NR

223.0 (232.8 to 213.3) NR 21.02 (22.98 to 0.94) 21.01 (22.75 to 0.74)
29.74 (215.9 to 22.66) NR NR NR
228.8‡ (239.1 to 218.5) NR 21.7‡ (23.5 to 0.2) NR

27.09 (243.4 to 23.0) 0.01 (20.28 to 0.30) 0.31 (23.1 to 3.72) 0.09 (21.95 to 2.13)
215.9 (221.3 to 211.5) 20.17 (20.39 to 0.06) 21.35 (0.35 to 2.35) 21.35 (21.79 to 20.92)
229.2 (239.9 to 218.6) 20.44 (20.61 to 20.26) NR NR

NR 0.04 (20.04 to 0.13) NR NR
221.3 (231.0 to 211.5) 20.28 (20.53 to 20.02) 22.74 (25.27 to 20.20) 20.99 (22.24 to 0.25)
28.86 (220.4 to 2.66) 0.00 (20.10 to 0.09) 21.39 (23.20 to 0.43) 20.55 (22.17 to 1.06)

NR 20.09 (20.21 to 0.03) NR NR
216.8 (228.3 to 24.43) 20.02 (20.37 to 0.41) 1.60 (21.50 to 4.70) 0.88 (21.25 to 3.02)

Table 2 (continued)
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allow a higher amount of CHO in adults with overweight
and obesity with or without diabetes.

� Long-term participation in any weight loss intervention
is difficult, but adherence to the assigned macronutrient
distribution (ie, CHO, protein, and fat) is lower with
low-CHO and, especially, very-low-CHO diets.

� Personal preference should be considered when selecting
a weight loss diet.

Evidence for the effect of low-CHO and very-low-
CHO diets, including ketogenic diets, on body
composition changes

Body water loss
The initial weight loss that occurs with low-CHO diets

and very-low-CHO/KDs is largely attributable to the loss
of body water, not fat loss.30 This body water loss occurs
due to at least two major mechanisms, ketonuria-induced
natriuresis and glycogen-depletion, although other mech-
anisms may also play some role.48,74,75 Renal losses of
sodium and water are also promoted by lower average in-
sulin levels during low-CHO diets, because insulin pro-
motes renal reabsorption of sodium.76 Glycogen
depletion to maintain blood glucose levels results in a
loss of body water (3 grams of water per 1 gram
stored glycogen).2,30,48,49,75 Gomez-Arbelaez et al.75

found that the peak amount of water loss (as
measured by multifrequency-bioelectrical impedance)
coincided with the phase of maximum ketosis in study
participants and, as ketosis decreased, body water was
recovered.

Lean body mass or fat-free mass and body fat mass
A concern with any weight loss intervention is the

potential to decrease LBM while decreasing fat mass as

individuals lose weight.4 VLCalDs and protein-sparing–
modified fast interventions were intended to promote
rapid weight loss while preserving LBM.33

Results from RCTs suggest that a higher protein intake
has a protective effect for preserving LBM during weight
loss. Adam-Perrot et al.30 reviewed studies that
demonstrated when participants consumed a LCHF diet
vs a hypocaloric low-fat diet, they achieved equivalent
or higher fat mass loss, but also a higher loss of LBM,
unless accompanied by higher protein intake. A hypo-
caloric high-protein, low-fat diet vs an isocaloric HCLF
diet resulted in less LBM loss, suggesting a high-
protein diet was more effective at preserving LBM.30,77

Krieger et al.78 conducted a meta-regression analysis
of RCTs (n 5 87) to examine the effects of varying
amounts of protein and CHO intake on body
composition during energy restriction (minimum of
1000 kcal/d). After controlling for energy intake, diets
with ,41.4% TDE from CHO (mean intake 79–97 g/d)
were associated with 6.56 kg more body mass loss,
1.74 kg more fat-free mass (FFM) loss, and 5.57 kg
more fat mass loss at .12 weeks. When protein intake
was .1.05 g/kg/d, there was 1.21 kg more FFM retained
compared with protein intake #1.05 g/kg/d at
.12 weeks.78 Thus, low-CHO diets that have a higher
protein content from partially replacing CHO with
protein rather than fat alone appear to promote fat
mass loss and result in a lower percentage of
LBM lost.79 Other RCTs with small sample sizes
found a greater loss of FFM with very-low-CHO/KDs
compared with moderate-CHO (35% TDE; 30%
TDE protein)44 or high-CHO (50% TDE; 15% TDE
protein)42 diets.

Key points

� Ketosis is associated with body water loss.

Key recommendations for weight loss in adults with overweight or obesity* COR LOE

Because a specific distribution of CHO, protein, and fat has not been shown to be superior
for weight loss, it is reasonable to counsel patients on achieving a calorie reduction by
limiting the intake of multiple energy sources (ie, CHO, fat) vs limiting calories from
a single energy source (ie, CHO).34,57–60,63–69,71,72

IIa B-R

A low-CHO diet (50–130 g CHO/d) or very-low-CHO/KD (w20–49 g CHO/d)
is a reasonable option for some patients for a limited period of time
(2–6 months) to induce weight loss.57,68,69

IIa B-R

Because low-CHO diets or very-low-CHO/KDs are difficult to maintain
long-term, a more moderate CHO intake (.130–225 g/d) is reasonable for
longer-term (.6 months) weight loss and maintenance.57–60,63,65–69

IIa B-R

*The NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation

Classification System73 (Table 3). All recommendations were graded by the Class of the Recommendation (COR) and by the Levels of the Evidence (LOE)

supporting the Recommendation.
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� The initial weight loss that occurs with low-CHO diets and
very-low-CHO/KDs is primarily due to loss of bodywater.

� All weight loss interventions using CHO-restriction
appear to result in greater loss of lean body mass

(LBM) compared with more macronutrient balanced hy-
pocaloric diets.

� Higher protein content in low-CHO diets may result in
less LBM loss during weight loss.

Table 3 2015 ACC/AHA clinical practice guideline recommendation classification system74

Modified from the 2015 ACC/AHA Clinical Practice Guideline Recommendation Classification System
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Evidence for the effect of low-CHO and very-low-
CHO diets on traditional cardiometabolic risk
factors

Effects on blood lipids and lipoproteins
Recent systematic reviews and meta-analyses of RCTs

of adults with overweight or obesity without diabetes have
reported conflicting results on the effects of low-CHO and
very-low-CHO diets on total-C and LDL-C57–62 (Table 2).
In a meta-analysis of 14 RCTs that examined the differ-
ences in blood lipids between low-CHO and isocaloric
balanced diets, there was a trend in the low-CHO diet
groups for a higher total-C (WMD 3.09 mg/dL, 95% CI:
20.77, 6.57, n 5 12 studies) and LDL-C (WMD
3.48 mg/dL, 95% CI: 0.0, 6.96, n 5 12 studies) at 3–
6 months follow-up and 1–2 years follow-up (total-C
WMD 2.32 mg/dL, 95% CI: 21.16, 6.19, n 5 6 studies;
LDL-C WMD 2.71 mg/dL, 95% CI: 20.39, 6.19, n 5 6
studies).57

A meta-analysis of 8 large RCTs (each n . 100) over 6–
24 months examined the effects of CHO-restricted diets vs
low-fat (LF) diets on LDL-C and other lipid markers in
adults with overweight or obesity.61 The CHO-restricted di-
ets were divided into two subgroups: moderate-CHO (4 tri-
als; 35–40% TDE CHO or 130–225 g/d) and very-low-
CHO (4 trials; ,10% TDE CHO or ,50 g/d). The LF diets
were 50–65% TDE CHO and 20–35% TDE fat, except one
study (70% TDE CHO, ,10% TDE fat). Overall, signifi-
cantly higher LDL-C (WMD 2.71 mg/dL; 95% CI, 0.77,
5.03; P 5 .009; n 5 8 studies) was reported in the pooled
analysis of CHO-restricted diets vs LF diets. However, a
subgroup analysis based on CHO content reported no sig-
nificant difference in LDL-C levels between CHO-
restricted vs LF diets (for very-low-CHO: 2.71 mg/dL;
95% CI: 21.93, 6.96; P 5 .27, n 5 4 studies; for
moderate-CHO: 1.93 mg/dL; 95% CI: 20.77, 4.64;
P 5 .16, n 5 4 studies).61

Contrary to the results from these two meta-ana-
lyses,57,61 four other meta-analyses examining the effects
of low-CHO diets vs HCLF diets in adults with overweight
or obesity found significantly higher LDL-C levels during
the CHO-restricted diets.58–60,62 Systematic reviews and
meta-analyses of RCTs examining the effects of low-
CHO and very-low-CHO diets on blood lipids in patients
with T2D and prediabetes found no significant difference

in total-C57,63–67,80 and LDL-C levels57,63–67,69,80 between
low-CHO and HCLF diets (Table 2, Fig. 1).

None of the meta-analyses discussed previously exam-
ined the effect of low-CHO or very-low-CHO diets on
VLDL-C, non–high-density lipoprotein cholesterol (non–
HDL-C), apolipoprotein B (apoB), or LDL particle number
or size in adults with T2D and there is very little evidence
from RCTs of adults with overweight or obesity. Gjuladin-
Hellon et al.61 identified only three large (n . 100) RCTs
that examined the impact of CHO-restricted diets on
VLDL-C,81 apoB levels,82 or LDL-C particle size.83

Although the results of these large RCTs showed improve-
ment in these variables for the CHO-restricted diet groups
vs the HCLF diets groups, results were limited by the
CHO restriction in the diet interventions ranging from keto-
genic to nonketogenic and the intensive lifestyle interven-
tions provided to participants may have affected the results.

Similar to total-C and LDL-C, recent systematic reviews
and meta-analyses of RCTs have found varying results on
the effects of low-CHO and very-low-CHO diets on TG and
HDL-C levels (Table 2, Fig. 1). In their meta-analysis of
adults with overweight or obesity (14 RCTs), Naude
et al.57 reported a significant difference for HDL-C at 1–
2 years follow-up, but no significant difference for TG be-
tween diet groups. Furthermore, both Naude et al.57 and
Korsmo-Haugen et al.67 reported no significant differences
between diet groups for TG and HDL-C levels at 1–2 years
follow-up in adults with overweight or obesity and T2D.

Conversely, other meta-analyses reported significant
improvements in both TG and HDL-C levels with low-
CHO diets vs HCLF diets at 1–2 years follow-up in adults
with overweight and obesity58–62 and prediabetes or
T2D.63,64,66,69 Gjuladin-Hellon et al.61 reported a signifi-
cantly greater decrease in TG levels and a significantly
greater increase in HDL-C levels with CHO-restricted diets
vs LF diets at 6 and 12 months in adults with overweight or
obesity, but no significant difference at 24 months, except
in the very-low-CHO diet group, which maintained signif-
icantly higher HDL-C levels than the other diet groups at
24 months.

Points to consider regarding the effects of low-CHO
and very-low-CHO diets on blood lipids and
lipoproteins

The conflicting results of the studies examining the
effect of low-CHO and very-low-CHO diets on blood lipids

Key recommendation for body weight and composition* COR LOE

In patients choosing to lose weight using a CHO-restricted diet, it is reasonable
to recommend a higher protein intake (1.0–1.5 g/kg/d) to preserve LBM during weight loss.77,78

IIa B-R

LBM, lean body mass.

*The NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation

Classification System73 (Table 3). All recommendations were graded by the Class of the Recommendation (COR) and by the Levels of the Evidence (LOE)

supporting the Recommendation.

698 Journal of Clinical Lipidology, Vol 13, No 5, October 2019



and lipoprotein levels in adults with overweight or obesity
with and without T2D may be due to variations in CHO and
fat quantity and quality of the diet interventions in the
RCTs, and/or differences in adherence to the prescribed
diets over the course of the study periods.57,63,78,80 Partici-
pants began with a CHO-restriction that was ketogenic
(,20–50 g/d) at study start in very few studies included
in the meta-analyses and adherence to the diet was not
maintained to the study end, except in the Brinkworth
et al.70 study; thus, at 2-year follow-up, there was little dif-
ference between the diets.57–61,66,67 In one meta-analysis of
RCTs of adults with overweight or obesity without T2D,
the TDE SFA in the HCLF diets was w9.3%, whereas
the low-CHO and comparison control diets were w12.5–
15% TDE SFA.59 Thus, the greater SFA in the low-CHO
and control diets may have resulted in higher LDL-C levels
vs the HCLF diet. The lack of significant difference be-
tween the diet groups in RCTs involving adults with T2D
or prediabetes may be attributed to similar SFA content be-
tween diets,66 SFA intake did not increase from baseline in
the diet groups,80 or CHO was replaced with unsaturated
fatty acids in the low-CHO diets.67 Taken together, the
available data suggest that controlling SFA intake is crucial
to prevent significant increases in LDL-C and for achieving
improved cardiovascular (CV) health with low-CHO diets.
Furthermore, improvements in TG and HDL-C levels were
achieved at a CHO intake considered low (,130 g/d) or
moderate (130–225 g/d), but not ketogenic, which may pro-
mote more successful adherence.66

In addition to the points discussed previously, weight
loss can impact lipids and lipoproteins and modifications
in macronutrients can influence the response to some
extent. Negative energy balance and weight loss, regard-
less of the dietary strategy, tend to improve TG, LDL-C,
and HDL-C.19 A 3 kg weight loss can decrease TG by at
least 15 mg/dL, and a 5 to 8 kg weight loss can decrease
LDL-C by w5 mg/dL and increase HDL-C by 2 to
3 mg/dL.34 The macronutrient content of the dietary strat-
egy used for weight loss can affect LDL-C levels in that a
higher intake of unsaturated fatty acids tends to lower
LDL-C, whereas a higher intake of SFA, cholesterol, and
trans fatty acids tends to raise LDL-C. Higher protein
intake, particularly from plant proteins such as soy pro-
tein, tends to lower LDL-C relative to protein from animal
sources. Thus, the effect on LDL-C is variable and likely
depends in part on the net impact of the various factors
discussed previously. Weight loss with a low-CHO diet
that is also low in SFA, cholesterol, and trans fatty acids
will tend to reduce LDL-C, but LDL-C may increase
with a low-CHO diet that is high in SFA, cholesterol, trans
fatty acids, and animal proteins.19 In regard to TG levels,
reducing dietary CHO will generally lower TG levels with
a resultant decrease in VLDL-C, particularly in individ-
uals with elevated TG. The TG-lowering effect will be
enhanced by weight loss and negative energy balance.
Lowering TG will generally raise HDL-C once weight

has stabilized, but HDL-C may go down during weight
loss or negative energy balance. Weight stabilization after
weight loss also tends to raise HDL-C. The reduction in
TG levels due to weight loss, with or without CHO restric-
tion, will also tend to shift toward larger HDL and LDL
particles.19

Although the results from some studies may not show
a significant difference in lipid and lipoprotein parame-
ters between diet groups, there may be individuals who
experience extreme effects of low-CHO and VLCHF
diets, which may be related to genetic factors and the
variable response to substrate availability and neurohor-
monal reactivity. Two RCTs84,85 reported considerable
variability in LDL-C levels in adults with obesity
consuming a VLCHF diet (4% TDE, 61% TDE total
fat, 20% TDE SFA)84 or adults with a normal weight
following a very-low-CHO diet (,20 g/d; ad libitum
with no restriction on fat or protein intake)85 compared
with a HCLF or control diet. The increase in LDL-C
ranged between 5–10% in one RCT84 and 44% (range
5% to 107%) in the other RCT.85 In their narrative review
on nutrigenetics and blood cholesterol levels, Vazquez-
Vidal et al. reviewed gene-nutrient interaction studies
that examined inter-individual variability in blood
cholesterol responses.86 Some studies have shown signif-
icant associations between the APOE4 allele and an
increased LDL-C response to dietary interventions while
others found no association indicating the LDL-C
response varies based on different types of dietary inter-
ventions (ie, amount and type of fat and cholesterol) or
specific foods.86,87 Thus, it is essential to assess the lipid
profile of patients who choose to follow low-CHO or
very-low-CHO diets and KDs.

Key points

� Results from meta-analyses demonstrate a variable total-
C and LDL-C response to low-CHO and very-low-CHO
diets.

� A high saturated fatty acid (SFA) content in low-CHO
and very-low-CHO diets is a key factor for an increase
in LDL-C.

� Compared with high-CHO, low-fat (HCLF) diets, low-
CHO diets generally decrease TG levels.

� Compared with HCLF diets, low-CHO diets generally
result in a short-term increase in HDL-C levels, which
is typically not maintained for longer durations.

� Improvements in TG and HDL-C levels were achieved at
low- and moderate-CHO intakes vs very-low-CHO in-
takes, which may result in better long-term adherence.

� Genetic factors have been shown to play a role in the in-
dividual variability of LDL-C levels with low-CHO and
very-low-CHO diets.

� Baseline and follow-up lipid/lipoprotein assessments are
essential for individuals following low-CHO and very-
low-CHO diets to identify extreme responses.
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Effects on glucose, hemoglobin A1c, insulin and in-
sulin sensitivity, and hypoglycemic medication use

Systematic reviews and meta-analyses of low-CHO and
very-low-CHO diets compared with HCLF diets in RCTs of
adults without T2D57,60 or that included a small number of
adults with T2D58 found no significant difference for fast-
ing blood glucose (FBG), hemoglobin A1c (HbA1c), and
insulin levels between diet groups, although there were
trends in favor of the low-CHO diets for these endpoints.
However, only one RCT70 included in the meta-analyses re-
ported CHO intake ,50 g/d by the end of study.58,60

Systematic reviews and meta-analyses of RCTs
comparing low-CHO and very-low-CHO diets to HCLF
diets in adults with T2D and prediabetes found no signif-
icant difference between glucose levels57,64 or insulin
levels.80 In short-term (#6 months) studies, HbA1c was
significantly lower with low-CHO diets compared with
HCLF diets.63–69,80 At $1 year, HbA1c was similar be-
tween the low-CHO and HCLF diet groups,57,63,65,67–69,80

except in two meta-analyses.64,66 Meng et al.64 (WMD
-0.44%; 95% CI: 20.61, 20.26; P 5 .00; n 5 9 studies)
and Huntriss et al.66 (WMD 20.28%; 95% CI: 20.53,
20.02; P 5 .03; n 5 7 studies) reported a significantly
decreased HbA1c in the low-CHO diet groups at 1 year
(Table 2, Fig. 1).

Although there were no significant differences in
HbA1c responses between CHO-restricted and HCLF
diets in most meta-analyses of RCTs, a greater reduction
in the use of diabetes medications was found in low-
CHO diet groups compared with HCLF diet groups at
the end of study,64–69 primarily lower insulin dos-
ages,64,67 suggesting a clinically relevant impact on gly-
cemic control. In 4 of 5 RCTs examining medication
changes in one meta-analysis,69 there was a dose reduc-
tion of glucose-lowering medications. In their meta-
analysis of 18 RCTs, Huntriss et al.66 reported a statis-
tically significant reduction in the use of diabetes medi-
cations, including reductions in insulin, oral
hypoglycemic agents (OHAs), or a combined diabetes
medication score in the low-CHO diet groups. Fourteen
RCTs included in the Huntriss et al.66 meta-analysis re-
ported a reduced requirement for diabetes medications
in the low-CHO diet group vs control group, of which
9 studies found a statistically significant reduction in in-
sulin (2 RCTs), OHAs (2 RCTs), or a combined diabetes
medication score (5 RCTs) in the low-CHO diet groups.
Importantly, the average CHO intake in 12 RCTs
included in the overall meta-analysis was 106 g/d indi-
cating that reductions in the use of diabetes medications
can be achieved at CHO levels considered low, but not
ketogenic.66

Effects of dietary patterns on lipids and glycemic
control in people with type 2 diabetes

Recent network meta-analyses (NMAs) compared the
impact of different dietary approaches in clinical trials on
glycemic control88 (primary outcome was HbA1c; n 5 56;

4937 participants) and blood lipids89 (n 5 52; 5360 partic-
ipants) in patients with T2D. Eight dietary approaches with
a minimum intervention period of 12 weeks and compared
with a control (minimal intervention or no intervention)
were included in the NMAs:

� low-CHO (,25% TDE CHO; high intake animal and/or
plant protein, often high fat);

� moderate-CHO (25–45% TDE CHO, 10–20% TDE
protein);

� high-protein (20% TDE protein from animal and/or plant
sources, ,35% TDE fat);

� low-fat (,30% TDE fat; high intake of cereals and
grains; 10–15% TDE protein);

� low glycemic index (GI)/glycemic load (GL);
� vegetarian (no meat and fish)/vegan (no animal

products);
� Mediterranean (rich in fruit, vegetables, olive oil, le-

gumes, cereals, fish, and moderate intake of red wine
during meals); and

� Paleolithic88 (includes lean meat, fish, shellfish, fruits,
vegetables, roots, eggs and nuts; excludes grains, dairy
products, salt or refined fats and sugar).90

All eight dietary approaches significantly reduced
HbA1c vs the control diet. Based on the surface under
the cumulative ranking curves (SUCRA), the low-CHO
diet reduced HbA1c the most (SUCRA 5 84%) followed
by the Mediterranean diet (SUCRA 5 80%), whereas
the Mediterranean diet reduced FBG the most
(SUCRA 5 88%) followed by the Paleolithic
(SUCRA 5 71%) and vegetarian (SUCRA 5 63%) diets.
Subgroup analyses found that low-CHO diets reduced
HbA1c more than the other diets in smaller and shorter-
term (,12 months) studies that included patients
,60 years of age. The Mediterranean, moderate-CHO,
low GI/GL, high-protein, and low-fat diets reduced
HbA1c more in larger and longer-term studies with
patients .60 years of age. Furthermore, univariate
meta-regression analysis showed that the mean
reduction in HbA1c was significantly related to the
mean difference in weight change between dietary
approaches.88

The NMA by Neuenschwander et al.89 compared the
effect of the eight dietary patterns to a control diet on
LDL-C, HDL-C, and TG in patients with T2D. The re-
sults demonstrated that moderate-CHO and vegan/vege-
tarian diets were more effective at reducing LDL-C
compared with the control diet, and low-CHO, high-pro-
tein, and low-fat dietary patterns. The Mediterranean diet
was the only dietary pattern that increased HDL-C. The
Mediterranean and low-CHO diets significantly reduced
TG levels compared with low-fat and control diets. Based
on the SUCRA ranking for the combined effect on LDL-
C, HDL-C, and TG, the Mediterranean diet (SUCRA:
79%) had the most beneficial effects with Paleolithic
(SUCRA: 73%) and low-CHO (SUCRA: 62%) ranking
next. The authors cautioned about interpreting the results
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for the Paleolithic SUCRA given their NMA included
only one study.89

Key points

� Low-CHO diets did not reduce FBG or insulin levels
more than high-CHO, low-fat (HCLF) diets in clinical
trials.

� Low-CHO diets result in a greater short-term (,6
months) reduction in HbA1c vs HCLF diets, but there
was less difference between diets beyond 1 year.

� Low-CHO diets resulted in a reduction in the use of dia-
betes medications, and reductions in the use of diabetes
medications were achieved at CHO intake levels that
do not induce ketosis.

� The Mediterranean dietary pattern produced improve-
ments in TG, HDL-C, and HbA1c levels in individuals
with T2D compared with low-CHO diets.

Effects on blood pressures
Reductions in systolic blood pressure (SBP) (3 mm Hg)

and diastolic blood pressure (DBP) (2 mm Hg) typically
occur with a 5%weight loss.34 Systematic reviews and meta-
analyses of low-CHO and very-low-CHO diets compared
with HCLF diets in RCTs of adults without T2D57,60,62 or
that included a small number of adults with T2D58 reported
conflicting results for the impact on blood pressure. One
meta-analysis reported no statistically significant difference
in SBP (WMD 21.47 mm Hg; 95% CI: 23.44, 0.50;
P 5 .14; n 5 11 studies), but found a significant difference
in DBP between diet groups (WMD 21.43 mm Hg; 95%
CI: 22.49, 20.37; P 5 .008; n 5 11 studies).58 Other

meta-analyses did not find a significant difference between
diet groups for either SBP or DBP.57,60,62

Similarly, systematic reviews and meta-analyses of
RCTs comparing low-CHO and very-low-CHO diets to
HCLF diets in adults with T2D and prediabetes found
conflicting results for the effect on blood pressure
(Table 2, Fig. 1). One meta-analysis found a significant
difference in SBP between diet groups in favor of low-
CHO diets (WMD 22.74 mm Hg; 95% CI: 25.27,
20.20, P 5 .03; n 5 7 studies), but no significant differ-
ence in DBP,66 whereas another meta-analysis found a sig-
nificant decrease in DBP with high-fat diets (WMD
21.35; 95% CI: 21.79, 20.92; P , .00001; n 5 6
studies), but not SBP.63 van Zuuren et al.69 found a signif-
icant decrease in DBP (WMD 21.91; 95% CI: 23.63,
20.18; P 5 .03; n 5 4 studies) with low-CHO diets at
6 months, but no significant difference between diet
groups for SBP or DBP past 6 months. Two other meta-
analyses did not find a significant difference between
diet groups for either SBP or DBP.57,67 A critical review80

of 12 RCTs reported no difference between low-CHO and
HCLF diets, except in two studies: one showed a greater
reduction in SBP (23.03 mm Hg, P 5 .04) in the HCLF
group91 and the other showed a greater reduction in
DBP in the low-CHO diet group (22 mm Hg, P 5 .020,
diet ! time).92

Key point

� Low-CHO and very-low-CHO diets produced inconsis-
tent effects on blood pressures in adults with overweight
or obesity with and without prediabetes or T2D
compared with high-CHO, low-fat diets.

Key recommendations for cardiometabolic risk factors* COR LOE

To achieve an improvement in a patient’s cardiometabolic risk factor profile,
a weight reduction diet that achieves a clinically significant weight
loss (5–10% of body weight) is recommended.18,19,34

I A

As part of low-CHO and very-low-CHO diets, it is reasonable for a patient
to choose unsaturated fatty acids over SFAs.19,59,66,67,80

IIa B-R

In patients with overweight or obesity with or without T2D and with elevated
TG levels, a low-CHO diet is reasonable for lowering TG levels (and VLDL-C)
compared to an HCLF diet.58–64,66,69

IIa B-R

Because substantial variation in lipid responses has been observed in patients
choosing to follow low-CHO and very-low-CHO diets, baseline and follow-up
lipid profiles are reasonable.57–67,69

IIa B-R

In patients with T2D, a low-CHO diet may be reasonable to achieve an
improvement in glycemic control or a reduction in diabetes medications.64–69

IIb B-R

In patients with overweight and obesity with hypertension, weight loss with a
low-CHO or very-low-CHO diet may be reasonable as a way to lower blood pressure.58,63,66

IIb B-R

HCLF, high-carbohydrate, low-fat; SFA, saturated fatty acids.

*The NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation

Classification System73 (Table 3). All recommendations were graded by the Class of the Recommendation (COR) and by the Levels of the Evidence (LOE)

supporting the Recommendation.
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Evidence for the effect of low-CHO and very-low-
CHO diets on emerging risk factors

Effect on C-reactive protein levels
Few systematic reviews or meta-analyses have exam-

ined the effect of low-CHO or very-low-CHO diets on
systemic inflammation. A meta-analysis identified 4
RCTs that examined the impact on C-reactive protein
(CRP) levels and reported no significant differences
despite a WMD in favor of very-low-CHO diets.58 In
adults with either prediabetes and/or T2D, CRP was
not significantly different between high-fat diet groups
(included 6 RCTs that prescribed a low-CHO diet).63

In one critical review, only one study reported on CRP,
which found no significant difference between the diet
groups.80

Effect on the gut microbiome
There is a theoretical concern about the adverse effects

of a marked CHO restriction for low-CHO diets and very-
low-CHO/KDs due to the avoidance of CHO-rich foods
that provide dietary fiber for the gut microbiome. However,
there are no long-term studies; only short-term RCTs have
been conducted to date. These studies have reported
unfavorable shifts in microflora composition with an
energy-restricted VLCHF/KD93 and with a higher-fat
diet.94 Although potentially unfavorable shifts in gut micro-
biota have been observed in some studies with low-CHO
diets, the clinical relevance of these shifts is currently
uncertain.

Effect on trimethylamine N-oxide production
Another emerging concern with low-CHO and very-low-

CHO diets is the potential effect on ASCVD risk due to
trimethylamine N-oxide (TMAO) production. Many in-
dividuals following low-CHO and very-low-CHO diets
consume more animal products, which are associated
with an increase in TMAO levels.95,96 High levels of
TMAO have been associated with major adverse cardiac
events and increased mortality in secondary prevention pa-
tients,97,98 as well as major adverse cardiac events or all-
cause mortality.99

Until recently, the impact of low-CHO and very-low-
CHO diets on TMAO production has been largely un-
known. Park et al.96 reported the effect of three isocaloric
diets (LCHF [Atkins] diet, Mediterranean [South Beach]
diet, and a very-low-fat, plant-based [Ornish] diet)
consumed by healthy, normolipidemic participants
(n 5 26) for 4 weeks on levels of systemic TMAO levels
and its nutrient precursors in a post hoc analysis of plasma
samples from an earlier randomized crossover study.
Compared with both the baseline and the low-fat diet phase,
the LCHF diet phase was associated with higher levels of
TMAO.96 Thus, short-term exposure to a LCHF diet vs a
very-low-fat, plant-based diet was associated with
increased TMAO levels, whereas the plant-based diet was
associated with decreased levels of TMAO.

Key points

� Weight loss lowersCRP.However, current evidence does not
support a difference between low-CHO and very-low-CHO
diets compared with high-CHO, low-fat diets on the effects
on CRP.

� Research suggests unfavorable gut microbiota changes
and fecal metabolite shifts associated with low-CHO
and very-low-CHO diets; however, the clinical signifi-
cance of these changes is unknown.

� Short-term exposure to an LCHF diet vs a very-low-fat,
plant-based diet was associated with increased TMAO
levels; however, the clinical significance of this change is
unknown.

Safety concerns associated with low-CHO and
very-low-CHO diets, including ketogenic diets

The possible tolerance and safety concerns of low-CHO
diets vary depending on the level of CHO restriction and the
characteristics of individuals. With VLCHF/KDs, gastrointes-
tinal complaints tend to be the most common adverse effects,
including constipation, nausea, and abdominal pain, which are
experienced in the first few weeks.13 Some individuals may
experience symptoms described as the ‘‘keto flu’’ within 2 to
4 days of beginning a VLCHF/KD, which may occur as the
body adapts to using ketone bodies for fuel, may last a few
days to one week, and include lightheadedness, dizziness, fa-
tigue, difficulty exercising, poor sleep, and constipation.1 Other
adverse effects that have been reported in individuals strictly
following VLCHF/KDs include headache,30,45 skin rash,45

muscle cramps, weakness, diarrhea, dehydration, hypoglyce-
mia,100 increased levels of blood uric acid, and vitamin/mineral
deficiencies.30 Increased urination can lead to reduced levels of
electrolytes, including sodium,magnesium, and potassium, and
may be associated with symptoms of hypovolemia, as well as
dizziness related to the need to reduce hypertension and/or hy-
perglycemiamedications.100 Educating individuals to consume
protein from whole foods vs supplements will promote an
adequate intake of sodium, potassium, and magnesium.1

Ensuring adequate fluid and electrolyte intake is essential to
avoid symptoms of initiating a VLCHF/KD.13,100 People with
certain diseases and disorders may have additional safety con-
cerns to consider with the use of low-CHO diets and VLCHF/
KDs.

Caution in patients with lipid disorders and vari-
ability with atherogenic lipoprotein response

As discussed previously, there is a high variability in the
LDL-C response to low-CHO diets and very-low-CHO/KDs.
Gene-nutrient interaction studies demonstrate that genetics
contribute to the individual variability of lipid/lipoprotein
responses to dietary interventions.86Of considerable concern
is the use of VLCHF/KDs in patients with hypercholesterole-
mia, particularly familial hypercholesterolemia (FH). Pa-
tients with known hypercholesterolemia and FH may have
a genetic predisposition to increased LDL-C levels with
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VLCHF/KDs. VLCHF/KDs are typically not congruent with
the medical nutrition therapy recommended for these pa-
tients, which includes a reduction in SFAs, trans fatty acids,
and dietary cholesterol.101–104 Replacing SFAs with unsatu-
rated fatty acids decreases LDL-C and is associated with
reduced ASCVD risk.17,19,20 Due to the unpredictable
response of LDL-C to VLCHF/KDs, all patients who choose
to follow these diets should have baseline and follow-up lipo-
protein lipid profiles assessed.85

Some patients with severe hypertriglyceridemia may have
genetic or acquired causes of lipoprotein lipase dysfunction
or deficiency, with predisposition to hyperchylomicronemia
and acute pancreatitis. In these patients, a VLCHF/KD could
cause chylomicronemia and precipitate pancreatitis. Patients
with hyperchylomicronemia must adhere to a very-low-fat
diet (10–15% TDE or ,15–20 g fat/d);105 thus, a VLCHF/
KD is contraindicated in these patients until the chylomicro-
nemia is cleared, and then, only under close observation.

Caution in patients with ASCVD, risk of atrial fibrilla-
tion, and a history of heart failure, kidney disease,
and liver disease

Based on the previous discussion related to the potential
increase in LDL-C and inconsistent effects on HbA1c, SBP,
andDBPwith low-CHOor very-low-CHOdiets, closemedical
supervision is recommended for patients with established
ASCVD who choose to use these diets. The 2013 AHA/
ACC/TOS Guideline for the Management of Overweight and
Obesity in Adults34 discussed various beneficial effects on CV
risk factors with weight loss in adults with overweight or
obesitywithorwithoutCVrisk.However, Jensen et al.34 stated,
‘‘there is insufficient evidence to comment on the cardiovascu-
lar risk factor effects of low-carbohydrate diets,’’ and included
the recommendation to, ‘‘[p]rescribe a calorie-restricted diet,
for obese and overweight individuals who would benefit
fromweight loss, based on the patient’s preferences and health
status, and preferably refer to a nutrition professional for coun-
seling.Avariety of dietary approaches can produceweight loss
in overweight and obese adults.’’

Recently, Zhuang et al.106 examined the association be-
tween CHO intake and the risk of atrial fibrillation (AF) in
Atherosclerosis Risk in Communities (ARIC) study partic-
ipants (n 5 13,852) who did not have AF. They found a U-
shaped curve between CHO intake and AF with the lowest
observed risk associated with a CHO intake of 39–61%
TDE and cautioned against the use of low-CHO diets for
weight loss due to the increased risk of AF.106

Individuals with chronic illnesses may be more suscep-
tible to adverse effects due to the extreme dietary changes
that are inherent with low-CHO diets and very-low-CHO/
KDs. Because the effects of these diets on patients with
chronic illnesses is unknown, it is recommended that
patients with heart failure, kidney disease, and liver disease
who choose to follow a low-CHO or very-low-CHO/KD
should do so under close medical supervision and receive
medical nutrition therapy appropriate for their specific
diagnosis from a registered dietitian nutritionist (RDN). A

VLCHF/KD is contraindicated in patients with a history of
pancreatitis and liver failure.107

Caution in patients using medications for diabetes,
hypertension, and anticoagulation

Patients and clinicians must be aware that individuals with
diabeteswho choose to follow avery-low-CHOdiet orKDare
at an increased risk of hypoglycemia because of the effect of
the severe CHO restriction on glycemic control and potential
need for medication adjustment; thus, individuals following a
very-low-CHOdiet for T2Dmanagement shouldbemedically
supervised.100OHAs and/or insulinmay need to be reduced or
discontinued after initiation of a very-low-CHO or
KD.22,45,100,108 Patients should be instructed to monitor their
blood glucose levels before taking OHAs or insulin to prevent
hypoglycemia.100 Patients taking sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors should avoid VLCHF/KDs
because of an increased risk of SGLT2 inhibitor–associated
ketoacidosis.109,110 Westman et al.100 recommended discon-
tinuing SGLT2 inhibitors before initiating a very-low-CHO
KD because of the risk of normoglycemic ketoacidosis. Mur-
doch et al.111 recently published a practical guide for adapting
diabetes medication for patients with T2D following low-
CHO diets.

A reduction in blood pressure frequently occurs in patients
with hypertension who follow low-CHO or very-low CHO
diets. Patients should monitor blood pressure at home or in
clinic, and antihypertensive medications may need to be
tapered or discontinued, especially if symptoms of orthostatic
hypotension occur with a low-CHO or very-low-CHO
diet.45,100 Diuretics may need to be tapered or discontinued
to prevent dehydration and/or hypotension.100 In patients
with T2D and microalbuminuria, Westman et al.100 recom-
mended continuing a low dose of a renal-protective antihyper-
tensive medication if a patient does not become hypotensive.

Patients taking a vitamin K antagonist for anticoagula-
tion should be instructed on consistent vitamin K intake and
the potential for increased vitamin K intake from non-
starchy and green leafy vegetables. More frequent moni-
toring of anticoagulation therapy may be required because
of the potential change in vitamin K intake and its effect on
anticoagulation therapy.45,100

Carbohydrate intake and mortality
The evidence related to CHO intake and mortality is

from observational studies. Noto et al.112 conducted a quan-
titative meta-analysis of cohort studies that examined the
association between low-CHO diets and all-cause mortality
and CVD incidence. Their meta-analysis of 4 cohort studies
(n 5 272,216) found an association between adhering to a
low-CHO diet (relative risk [RR] 1.31; 95% CI: 1.07, 1.59;
P 5 .007) or low-CHO, high-protein diet (RR 1.30; 95%
CI: 1.01, 1.68; P 5 .04) and a significantly increased risk
for all-cause mortality. Meta-analyses examining the asso-
ciation between a low-CHO diet or a low-CHO, high-pro-
tein diet and CVD incidence in 7 cohort studies (a total
of 469,963 participants) did not find a significant increase
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in the risk of CVD incidence.112 Most recently, Mazidi
et al.113 examined the association between low-CHO diets
and overall or cause-specific mortality from NHANES
study data (n 5 24,825) and found that participants with
the lowest CHO intake (,39% TDE) based on 24-hour
recall assessment had the highest risk of overall (hazard ra-
tio [HR] 1.32; 95% CI: 1.14, 2.01, P , .001), CVD (HR
1.51; 95% CI: 1.19, 1.91, P , .001), cerebrovascular (HR
1.50; 95% CI: 1.12, 2.31, P , .001), and cancer (HR
1.36; 95% CI: 1.09, 1.83, P , .001) mortality. In addition,
analysis of pooled data from 9 prospective cohort studies
(n 5 462,934 participants) found that participants with
the lowest CHO intake had the highest risk of overall
(RR 1.22; 95% CI: 1.06, 1.39; P , .001; n 5 8 studies),
CVD (RR 1.13; 95% CI: 1.02, 1.24, P , .001; n 5 6
studies), and cancer mortality (RR 1.08; 95% CI: 1.01,
1.14, P5 .02; n5 3 studies).113 Seidelmann et al.114 exam-
ined the association between CHO intake and all-cause
mortality in the ARIC study (n 5 15,428), as well as a
meta-analysis with data from ARIC plus 7 multinational
prospective studies (n 5 432,179). Their analyses demon-
strated that both low (,40% TDE) and high CHO
(.70% TDE) intake was associated with a higher risk of
mortality (20% and 23%, respectively) with 50–55% TDE
CHO associated with the lowest risk of mortality. Results
indicated that, when animal-based protein or fat was
substituted for CHO, the associated risk of mortality
increased by 18% whereas mortality decreased by 18%
when CHO was replaced by plant-based protein or fat.114

The reasons for the association between CHO restriction
and increased mortality are not well understood. Possible
explanations include a reduced intake of vegetables, fruits,
and grains, and an increased intake of animal-based protein,
which results in varying levels of dietary bioactive compo-
nents (ie, free fatty acids, protein, fiber, minerals, vitamins,

and phytochemicals) with CHO restriction. Higher CHO
intakes may be associated with lower economic status
and lower quality CHO foods (ie, refined and higher
GI).113,114 Based on the results of these observational
studies, severe CHO restriction for weight loss, if
followed, should be limited to short periods (2–6 months)
followed by a transition to a healthy dietary pattern for
the long-term with adequate intake of fiber-rich CHO foods
and inclusion of plant-based proteins and unsaturated fats
to ensure nutritional adequacy and promote overall and
CV health.

Key points

� Close medical supervision is essential for individuals
with ASCVD, risk of atrial fibrillation, or the presence
or history of heart failure, kidney disease, or liver
disease who choose to follow a very-low-CHO diet or
KD.

� VLCHF/KDs are contraindicated in patients with a his-
tory of hypertriglyceridemia-associated acute pancrea-
titis, severe hypertriglyceridemia, or inherited causes of
severe hypercholesterolemia.

� Individuals with T2D should receive medical supervision
and cardiometabolic monitoring while on very-low-CHO
diets or KDs.

� Low-CHO and very-low-CHO diets can lead to hypogly-
cemia or hypotension and may require adjustment in dia-
betes or hypertension medications.

� Patients taking SGLT2 inhibitors should avoid very-low-
CHO KDs because of an increased risk of SGLT2
inhibitor–associated ketoacidosis.

� More frequent monitoring of vitamin K–dependent anti-
coagulation therapy may be required with very-low-CHO
diets due to the potential change in vitamin K bioavail-
ability and its effect on anticoagulation therapy.

Key recommendations—safety concerns* COR LOE

For individuals with ASCVD, risk of atrial fibrillation, the presence or history of heart failure,
kidney disease, or liver disease who choose to follow a low-CHO or very-low-CHO diet,
close medical supervision is recommended.106,107

III:
Potential Harm

C-EO

Because VLCHF/KDs are contraindicated in patients with a history of
hypertriglyceridemia-associated acute pancreatitis, severe hypertriglyceridemia,
or inherited severe hypercholesterolemia, they are not recommended for these patients.101–105

III:
Potential Harm

C-EO

Because low-CHO diets and very-low-CHO/KDs can increase the risk of hypoglycemia,
it is reasonable to monitor glycemic control and make adjustments in diabetes medication.100,108

III:
Potential Harm

B-R

SGLT2 inhibitors should not be used in patients choosing to follow very-low-CHO/KDs
due to an increased risk of SGLT2 inhibitor–associated ketoacidosis.100,109,110

III:
Harm

B-NR

More frequent monitoring of vitamin K–dependent anticoagulation therapy may be reasonable
with a very-low-CHO/KD due to the potential change in vitamin K intake and its effect
on anticoagulation therapy.45,100

III:
Potential Harm

C-EO

Long-term consumption of extreme CHO intakes (low and high) has been associated with all-cause,
CV, and cancer mortality in the general population.112–114

III:
Potential Harm

B-NR

*The NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation

Classification System73 (Table 3). All recommendations were graded by the Class of the Recommendation (COR) and by the Levels of the Evidence (LOE)

supporting the Recommendation.
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� Both low- and high-CHO intake has been associated with
a higher risk of mortality in the general population;
moderate-CHO intake has been associated with the
lowest risk of mortality in the general population.

Points for the clinician-patient discussion
regarding low-CHO and very-low-CHO diets,
including ketogenic diets

Health professionals are a trusted source of nutrition
information.15 In a systematic literature review (9 studies
with 9564 subjects) that evaluated the effectiveness of
nutrition care provided by primary care physicians, 5
studies reported an observed improvement in nutrition
behavior and 7 reported improvements in cardiometabolic
risk factors.115 Health professionals are uniquely positioned
to use their expertise to help patients seeking guidance
about effective diets for weight loss and cardiometabolic
health. Based on current treatment guidelines and recom-
mendations for weight loss, there are a variety of dietary
approaches that can produce weight loss in adults with
overweight or obesity.34 The treatment objective is to
achieve ideal CV health and, thus, target not only weight
loss, but also other health behaviors (nonsmoking, body
mass index ,25 kg/m2, physical activity at goal levels,
and a dietary pattern that is consistent with current
evidence-based recommendations) and ideal health factors
(untreated total cholesterol ,200 mg/dL, untreated blood
pressure ,120/,80 mm Hg, and FBG ,100 mg/dL).116

A systematic review of the prevalence and outcomes of
ideal CV health in both US and other populations reported
an inverse association between increasing number of ideal
CV health metrics and all-cause and CVD-related mortality
risk.117 Moreover, for each increase in ideal CV health met-
rics, there is a decreased risk of all-cause and CV mortality
by 11% and 19%, respectively.118 The importance of life-
style factors was emphasized by a study (n 5 55,685)
that found a healthy lifestyle was associated with a substan-
tially lower risk of coronary events compared with an un-
healthy lifestyle, regardless of the genetic risk for
coronary artery disease.119

As noted in the ACC/AHA Guideline on the Primary
Prevention of CVD,17 the most important way to prevent
ASCVD is to promote a healthy lifestyle throughout the
life span. An essential component of this is to meet current
food-based dietary recommendations and decrease SFA and
trans fat, sodium, and added sugars.17,120 An overall cardio-
protective dietary pattern for adults emphasizes the intake of
vegetables, fruits, nuts, whole grains, lean vegetable or ani-
mal protein, and fish, and minimizes the intake of foods rich
in SFA, trans fats, and cholesterol, processed meats, refined
CHO foods and foods with added sugars, and sweetened
beverages.17–19,120 The dietary recommendations for CVD
prevention should be implemented in a way that accommo-
dates cultural, ethnic, or economic influences that shape in-
dividual food preferences.17–20,120

For adults with overweight and obesity, of the myriad of
weight loss diets evaluated, there is no evidence that one is
superior or ideal,121 and counseling and caloric restriction in
conjunction with a comprehensive lifestyle intervention are
recommended for achieving and maintaining weight
loss.17,34,122 Based on the results of clinical studies, patients
with overweight or obesitywho receive high-intensity lifestyle
interventions, including referral to a nutrition professional (ie,
RDN) for multiple nutrition counseling sessions, and partici-
pation in $14 weight loss intervention visits over 6 months
with a trained interventionist have improved outcomes
compared with those who do not.34 Guidelines for the treat-
ment of patients with overweight or obesity recommend that
a structured lifestyle intervention program with a multidisci-
plinary team is available to patients and based on the phases
of disease prevention (ie, primary, secondary, tertiary).122 In
addition, referral to an RDN, when feasible, for multiple
face-to-facevisits, can improve results for biomarkers of cardi-
ometabolic risk, including weight loss, lipids, and glycemic
control.123 Information on referral to an RDN and reimburse-
ment is available on the NLA ‘‘5-minute Nutrition Tool’’ tear
sheet for providers (www.lipid.org, follow link to ‘‘Practice
Tools,’’ then ‘‘Patient and Clinician Tear Sheets,’’ then ‘‘Clini-
cian’s Lifestyle Modification Toolbox–Tools for Clinicians’’).

A comprehensive lifestyle intervention program includes
reduced calorie intake, increased physical activity, and
behavior change therapy to facilitate weight loss or
maintenance of reduced body weight. The behavior change
program typically includes regular self-monitoring of
weight, food intake, and physical activity.34,122 Physical ac-
tivity recommended for weight loss includes increased aer-
obic activity, such as brisk walking, for $150 min/wk. To
maintain lost weight or minimize weight regain in the
long term (.1 year), higher levels of physical activity,
approximately 200 to 300 min/wk, are recommen-
ded.17,19,34,122,124 As noted by Kahan and Manson,125 help-
ing patients manage weight loss expectations is important.
It may be unrealistic for many patients to achieve a
‘‘normal’’ weight. Nonetheless, a sustained weight loss of
5–10% is often achievable and improves health. Additional
weight loss can be pursued over time.

Although a low-CHO diet (initially ,20 g/d and tran-
sitioning to ,30 g/d) can be used in practice with medical
supervision, if this is the preferred weight loss strategy
chosen by a patient, it is strongly recommended that the
patient transition to a healthier dietary pattern that meets
current dietary recommendations for ideal cardiometabolic
and CV health. As discussed previously, studies have shown
that long-term adherence to a very-low-CHO/KD is chal-
lenging and, noted by Brouns,2 over time many individuals
appear to shift to higher CHO intakes (130–160 g/d). Profes-
sional guidance, preferably from an RDN whenever feasible,
increases the likelihood that individuals will transition to a
healthy dietary pattern that is sustained and promotes main-
tenance of a reduced body weight.17,19,34,108,122

Important to this NLA Scientific Statement, the 2019
Nutrition Therapy for Adults with Diabetes or Prediabetes:
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Consensus Report108 and the American Diabetes Association
(ADA) Lifestyle Management: Standards of Medical Care in
Diabetes109 reviewed the current evidence for individualized
nutrition therapy for adults with prediabetes or diabetes and
recognized that there is convincing evidence from several
meta-analyses that a reduction in overall CHO intake im-
proves glycemia and cardiometabolic risk factors in persons
with T2D. Moreover, for select adults with T2D who do
not meet glycemic targets or when reducing antiglycemic
medications is a priority, a reduction in CHO intake with a
low-CHO108,109 or very-low-CHO eating plan108 is consid-
ered a viable approach. Although the Consensus Report108

did not include a discussion of RCTs that varied the SFA
content of low- and very-low-CHO diets, a study by Tay
et al.126–128 did show a very-low-CHO (14% TDE; ,50 g/
d), high-unsaturated/low-saturated fat diet (,10% TDE
SFA) and high in dietary fiber (25 g/d) vs an HCLF diet
(53% TDE CHO; ,10% TDE SFA) elicited similar weight
loss, LDL-C, and HbA1c reductions. However, the VLCHF
(low SFA) diet achieved greater reduction in diabetes medica-
tions, better improvements in diurnal blood glucose stability,
greater reductions in TGs, and maintenance of HDL-C levels.
Thus, if implemented appropriately with lower SFA intake,
there are benefits of CHO-restricted diets, principally on gly-
cemic control, but also on other cardiometabolic risk factors,
in persons with T2D. It was recognized by the Consensus
Report108 and as illustrated in this NLA Scientific Statement
that, to date, the evidence for benefits of low-CHO and very-
low-CHO diets for diabetes control are based largely on short-
term studies; hence, further research (especially longer term)
is needed on low-CHO diets that meet all of the nutrition rec-
ommendations of the Consensus Report108 and ADA Lifestyle

Management Standards,109 including adequate dietary fiber
(14 g/1000 calories) and ,2300 mg/d sodium. Weight loss is
recommended, if indicated, and an eating pattern should be
individualized to achieve long-term adherence. Despite
emerging benefits for lower CHO diets on glycemic control
in persons with diabetes, if these diets are implemented in clin-
ical settings, they require close medical supervision.

In summary, because a healthy body weight is a key
metric for CV health, weight loss in adults with overweight
or obesity improves cardiometabolic risk factors.129 Thus,
an energy-reduced diet that meets all dietary recommenda-
tions for heart health will promote healthy weight loss and
improve CV health. To promote long-term maintenance of
a reduced body weight and decreased ASCVD risk, a
healthy dietary pattern coupled with behavior change stra-
tegies and increased physical activity are essential.

Key points

� There should be a clinician-patient discussion regarding
need for and oversight of low-CHO diets or very-low-
CHO/KDs before initiation.

� Low-CHO and very-low-CHO diets may be an option for
a short-term initial weight loss period (2–6 months).

� For long-term weight maintenance and CV health, it is
recommended to gradually increase CHO intake. An
emphasis should be placed on CHO foods associated
with reduced cardiometabolic risk, including vegetables,
fruits, whole grains, and legumes.

� A comprehensive lifestyle intervention program includes
reduced calorie intake, increased physical activity, and
behavior change therapy to facilitate weight loss or
maintenance of reduced body weight.

Key recommendations for long-term weight loss and maintenance* COR LOE

Referral to a comprehensive lifestyle intervention program with a multidisciplinary team
(which may include physicians, advanced practice nurses, physician assistants,
registered dietitian nutritionists, exercise specialists, and psychologists) is reasonable
as a way to facilitate weight loss or maintenance of reduced body weight.17,34,122

IIa B-NR

Addressing behavioral, family, cultural, and social dynamics and accommodating ethnic
or economic influences that shape individual food preferences and physical activity
habits can be useful to promote long-term success as part of comprehensive
lifestyle intervention programs.17,34,122

IIa B-R

A moderate-CHO intake (.130–225 g/d) with an emphasis on including foods known
to be associated with improved cardiometabolic health may be a reasonable long-term
strategy to manage weight and promote health in general.19,122

IIb B-R

It is recommended that all patients receive counseling on reducing sedentary activity
and increasing physical activity, including both aerobic physical activity, such as
brisk walking, for $150 min/wk, and strength/resistance activities.17–19,122,124

I A

To maintain long-term (.1 y) weight loss or minimize weight regain, it is reasonable
to counsel patients on engaging in higher levels of physical activity of approximately
200 to 300 min/wk17,19,122,124

IIa B-R

*The NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation

Classification System73 (Table 3). All recommendations were graded by the Class of the Recommendation (COR) and by the Levels of the Evidence (LOE)

supporting the Recommendation.
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Gaps in the evidence

Based on the review of the evidence for this NLA
Scientific Statement, there are gaps in the knowledge base
about the long-term effects of low-CHO and very-low-
CHO diets, including KDs, on cardiometabolic health,
ASCVD risk, and overall health and mortality. Future
research is needed to determine:

� the factors that influence EE and appetite with low-CHO
diets and very-low-CHO diets, including KDs;

� the effects of different levels of CHO intake on cardio-
metabolic indices and disease outcomes with well-
designed RCTs of longer duration that compare a range
of diets, ideally including a very-low-CHO/KD and
low-CHO, moderate-CHO, and high-CHO diets, where
strong efforts are made to promote adherence with the
CHO intake goal through end of study;

� whether a possible threshold exists where CHO intake
does not have to be severely restricted and still achieve
benefit as suggested by Gibson et al.,38 thus, whether a
moderate-CHO and moderate-fat diet can achieve similar
benefits as a very-low-CHO/KD through improved long-
term adherence and inclusion of foods associated with
more favorable cardiometabolic outcomes; and

� the long-term effects of following a low-CHO diet or
very-low-CHO/KD on body weight changes and mainte-
nance of weight loss; the microbiome, TMAO production,
and other inflammatory markers associated with higher
ASCVD risk; and finally, atherosclerosis and ASCVD
risk, as well as other chronic illness (eg, cancer).

Conclusion/summary statement

As discussed in this NLA Scientific Statement, low-CHO
diets and very-low-CHO/KDs are increasing in popularity.
Results from meta-analyses and guidelines from professional
organizations suggest that there is not one macronutrient
distribution that is superior for weight loss or for the
management of T2D. Evidence suggests that there is a
physiological basis for potential metabolic benefits of CHO-
restriction compared with dietary strategies with a higher
CHOcontent in some individuals.Results frommeta-analyses
indicate that low-CHO and very-low-CHO diets may elicit
improvements inTGandHDL-C levels, glycemic control, and
reductions in diabetes medications, but have variable effects
on LDL-C levels; however, by approximately 2 years, there
are no differences for most cardiometabolic risk markers.
Moreover, three separate observational studies, including a
large prospective cohort studywith long-term follow-up, have
shown that a very-low-CHO intake is associated with
increased all-cause mortality. Evidence also demonstrates
that adherence to the severeCHOrestriction of very-low-CHO
diets is challenging and has the potential to cause adverse side
effects. In addition, VLCHF diets challenge the nutrition
recommendations of various professional organizations,

severely restrict or eliminate foods associated with cardiopro-
tective benefits, and encourage a high intake of foodsknown to
increase ASCVD risk (eg, processed meats, foods rich in
SFAs). Long-term studies on the potential impact of ASCVD
outcomes are lacking.

The decision about whether a patient should consider
following a low-CHO or very-low-CHO diet should be
made after a clinician-patient discussion about the risks and
benefits of these diets and consideration of patient prefer-
ence. If a very-low-CHO diet is adopted, individuals with
overweight or obesity without T2D should, ideally, receive
medical supervision, baseline and regular assessment of
lipid/lipoproteins, and, when feasible, multiple sessions
with an RDN to facilitate dietary adherence with person-
alized nutrition counseling and behavior modification, as
well as replacement of CHO with unsaturated fatty acids
and avoidance of excessive intakes of SFA and cholesterol.
Individuals following low-CHO or very-low-CHO diets for
T2D management should receive medical supervision for
adjustment of diabetes and hypertension medications as
needed. In addition, referral to a behavioral change support
team, including an RDN, when feasible, is recommended to
facilitate dietary adherence along with personalized nutri-
tion counseling and behavior modification. Patients taking
SGLT2 inhibitors should avoid very-low-CHO/KDs
because of an increased risk of SGLT2 inhibitor–
associated ketoacidosis. Clinician oversight is essential
for patients with chronic medical conditions who want to
follow low-CHO or very-low-CHO diets, including those
with ASCVD, heart failure, T2D, kidney disease, and liver
disease. Some patients should not follow a VLCHF diet
because of the presence or history of hypertriglyceridemia-
associated acute pancreatitis, severe hypertriglyceridemia
(ie, propensity for hyperchylomicronemia), or inherited
severe hypercholesterolemia.

Referral to a comprehensive lifestyle intervention for
weight loss can increase the likelihood of weight loss success
and long-term weight management. Referral to an RDN,
when feasible, for medical nutrition therapy and lifestyle
counseling can improve cardiometabolic risk and encourage
the consumption of vegetables, fruits, nuts, seeds, legumes,
and whole grains within the context of a CHO-restricted diet.
Achieving a healthy body weight and long-term weight
maintenance using a cardioprotective dietary pattern and
increased physical activity can promote overall health and
decrease the risk of ASCVD.
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Appendix

Process of the development of the scientific
statement

This scientific statement was developed after the NLA
Scientific Statements Committee and the NLA Board of
Directors approved a proposal for its development to
address the recent popularity of using low-carbohydrate
and very-low-carbohydrate diets, including ketogenic diets,
for the management of cardiometabolic risk factors and
type 2 diabetes. Many authors/researchers have completed
high-quality reviews and meta-analyses evaluating low-
carbohydrate and very-low-carbohydrate diets, including
ketogenic diets; thus, this scientific statement was not
meant to be a systematic review and meta-analysis. Rather,
this scientific statement was meant to provide a balanced
review of the current scientific evidence regarding the
potential benefits, risks, and evidence gaps regarding low-
carbohydrate and very-low-carbohydrate diets, including
ketogenic diets. To that end, at the request of the NLA
Executive Committee and Scientific Statements Commit-
tee, the NLA Nutrition and Lifestyle Workgroup selected a
multidisciplinary team to serve on the NLA Nutrition and
Lifestyle Task Force—a writing team and a reviewing/
editing team—to develop this scientific statement. The
writing team was four registered dietitian nutritionists
(RDNs) (CFK, JPB, PMKE, GS), and the reviewing/editing
team was three physicians (KEA, DES, KEW) and a
clinical nutrition scientist/epidemiologist (KCM).

The Task Force members developed an initial outline
for the content of the scientific statement that was
approved by the NLA Board of Directors. On approval

of the outline, the RDN writing team determined writing
assignments based on expertise and conducted the pri-
mary research and compilation of evidence on the effects
of low-carbohydrate and very-low-carbohydrate diets,
including ketogenic diets, on cardiometabolic risk factors.
The writing team focused the review of evidence mainly
on published systematic reviews and meta-analyses of
randomized controlled trials (RCTs). For topics where
reviews and meta-analyses were not available, the writing
team considered basic research and individual RCTs.
Both the writing team and reviewing/editing team were
responsible for editing and revision of the scientific
statement. The Task Force team graded the key recom-
mendations of this scientific statement using the Amer-
ican College of Cardiology/American Heart Association
Evidence-Based Grading System (Table 3).73 In rating the
class (or strength) of the key recommendations, consider-
ation was given to the ‘‘net benefit’’ after taking into ac-
count potential benefits and risks or harms associated with
the dietary interventions examined in the evidence. For
rating the level (or quality) of the evidence, consideration
was given to obtaining the highest quality evidence to
support the key recommendations, such as that from
meta-analyses.

The chair of the NLA Scientific Statements Committee
reviewed the scientific statement, which was then submitted
to the NLA Board of Directors for review and approval by
majority vote. This scientific statement presents a high-
level discussion of the current evidence and key recom-
mendations to provide guidance to clinicians regarding the
use of low-carbohydrate and very-low-carbohydrate diets,
including ketogenic diets, for the management of cardio-
metabolic risk factors.
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Abstract 

The epidemic of obesity is growing steadily across the whole world. Obesity is not only a merely aesthetic disease 
but is the “mother” of most chronic diseases such as associated with a range of type 2 diabetes, cardiovascular 
disease, obstructive sleep apnea, and cancer. However, although there is a need to find a strategy to stop this epi-
demic disease, most of the times the current nutritional strategies are not effective in weight loss and in long term 
weight maintenance. Very low-calorie ketogenic diets (VLCKD) is increasingly establishing as a successful nutritional 
pattern to manage obesity; this is due to rapid weight loss that gives rise to a positive psychological cycle which in 
turn increases the compliance to diet. Another important key point of VLCKD is the ability to preserve fatty free mass 
which is known to play a role of paramount importance in glucose metabolism. Despite the clinical evidence of 
VLCKD there are paucity of data regarding to its management. Therefore, we will provide a useful guide to be used 
by nutrition experts taking care of subjects with obesity. In particular, we will report recommendations on the correct 
use of this therapeutic approach for weight loss and management of side effects.
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Introduction
Growing evidence reported that obesity is reaching epi-
demic proportions. It has been reported that in 2008, 
over 200 million men and nearly 300 million women aged 
20 and over were obese, and 65% of the world’s popu-
lation live in countries where overweight [1]. Obesity 
could be defined as the silent killer; in fact, it significantly 
increases the risk of contracting diseases, such as: arte-
rial hypertension, dyslipidemia, type 2 diabetes mellitus 
(T2DM), coronary heart disease, cerebral vasculopathy, 
gallbladder lithiasis, arthropathy, ovarian polycytosis, 
sleep apnea syndrome, and some neoplasms [2, 3]. In 
order to reach weight loss, one of the most important 

challenge in the management of obesity is reducing 
energy intake and increasing energy output. Although 
several strategies has been developed to reach this goal, 
this disorder is increasing in prevalence. The most com-
mon used nutritional pattern is characterized by an 
increase in complex/raw carbohydrate and a reduction 
in fat intake [4]. The scarce compliance of people with 
obesity to diet is mostly due to their preference to highly 
processed foods containing simple sugars rather than 
complex/raw carbohydrates. This is due because high gly-
cemic index food is able to stimulate serotonin secretion 
that in turn provides a feeling of well being and favour-
ing the onset of carbohydrates craving [4]. Although 
new anti-obesity drugs is continuously coming up, they 
still have some limits such as non trivial costs, potential 
side effects and contraindications that do not make them 
suitable for all people with obesity [5, 6]. In addition bari-
atric surgery has been demonstrated to be a useful tool 
for weight loss and remission of T2DM and metabolic 
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syndrome; however, there are several complications and 
sequelae related to surgery and it is restricted to the obese 
people that do not have contraindications to surgery [7]. 
In this scenario very low carbohydrate ketogenic diets 
(VLCKDs) have been recently proposed as an attractive 
nutritional strategy for the obesity management in indi-
viduals who have already attempted to lose weight with 
diet with more equilibrated distribution of macronu-
trients without reaching the target weight loss. VLCKD 
consist of 90% of calories from fat and only 10% from car-
bohydrates and proteins, resulting in a highly restricted 
diet [8]. The benefits of VLCKDs have been demon-
strated on body composition, metabolic profile, and 
inflammation and oxidative stress genes expression in 
people with obesity [9]. Merra et al. randomized people 
with obesity to three VLCKD protocols in which the daily 
kcal amount were calculated subtracting to the estimated 
basal metabolism 1000 kcal/day and the number of car-
bohydrates were < 50  g/day. However, in VLCKD1 sub-
jects reached the half of the amount of daily protein using 
synthetic aminoacid supplementation containing whey 
protein (13.42/bag), carbohydrate (0.03/bag), fat (0.15/
bag), isoleucine (0.31/bag), ornithine alpha-ketoglutarate 
(0.25/bag), l-citrulline (0.25/bag), taurine, (0.25/bag), 
l-tryptophan (0.05/bag), potassium citrate (0.45/bag), for 
a total of 64  kCal (268  kJ). The powder of aminoacid is 
dissolved in water and drunk at breakfast and lunch or 
dinner. In VLCKD2 and 3 the composition of macronu-
trient was the same of VLCKD1 while there was a differ-
ent source of carbohydrate i.e. < 35 g; > 80% from simple 
sugars and < 30  g; > 35% from complex sugars, respec-
tively. VLCKDs protocol resulted in weight loss and 
an improvement of metabolic profile. In addition, after 
VLCKD with synthetic aminoacidic protein replacement 
(VLCKD1) there was a significant modulation of super-
oxide dismutase (SOD)-1 gene expression along with 
a reduction or C-reactive protein, thus suggesting the 
efficacy of VLCKD with synthetic aminoacidic protein 
replacement, for the reduction of cardiovascular risk, 
without the development of sarcopenia and activation 
of inflammatory and oxidative processes [9]. Regarding 
gene expression Garbow et al. reported that, in C57BL/6J 
mice, VLCKD determines a reduction, up to the sup-
pression, of the expression of inflammatory cytokines 
and chemokines, as well as the production of reactive 
species oxy-hydrogen (ROS) [10]. Mutations in the gene 
encoding the enzyme copper/zinc (Cu/Zn) SOD1 were 
the first mutation identified to be associated with famil-
ial amyotrophic lateral sclerosis (ALS). Further, it has 
been demonstrated that VLCKD in the G93A-SOD1 
transgenic mice model of familial amyotrophic lateral 
sclerosis promotes ATP synthesis and neuroprotection 
[11]. Ketogenic diets induce a metabolic condition called 

“physiological ketosis” by Hans Krebs which is different 
from the pathological diabetic ketosis [12]. In the past the 
ketogenic diet has been used as treatment of various dis-
eases such as pediatric pharmacoresistant epilepsy [13]. 
Recently, VLCKDs have undoubtedly demonstrated to be 
an effective tool to tackle obesity [14], dyslipidemia and 
most of obesity-related cardiovascular risk factors [15, 
16]. The rapid initial weight loss is due to natriuresis and 
diuresis resulting from the decrease in insulin levels and 
increase in glucagon levels and ketone production [17, 
18]. Even after the initial diuresis, the rate of weight loss 
remains faster than with other types of diet because the 
calorie level is so low. Further, because the nutritional 
pattern is unfamiliar and the diet is perceived to be tem-
porary, patients may have a higher compliance rate than 
on nutritional patterns that require a longer time to lose 
the same amount of weight. The relative preservation of 
protein mass also is an advantage, certainly as compared 
with starvation [19]. Given the growing use of VLCKDs 
in the management of obesity, we will provide a practi-
cal guide on its clinical indications and contraindications 
and on the steps involved in ketogenic diet initiation, 
monitoring, and management of its side effects in outpa-
tient clinic.

Very low‑calorie ketogenic diet protocol
VLCKD is a nutritional protocol that resembles fast-
ing through a marked restriction of daily carbohydrate 
intake, usually lower than 30 g/day (≃ 13% of total energy 
intake) along with a relative increase in the proportions 
of fat (≃ 44%) and protein (≃ 43%) and a total daily energy 
intake < 800 kcal [20]. The VLCKD protocol is a weight 
loss nutritional program based on a high-biological-value 
protein (coming from milk, peas, whey and soy) prepa-
rations diet and natural foods. Each protein preparation 
contains 18  g protein, 4  g carbohydrate, 3  g fat (mainly 
high-oleic vegetable oils) and provides approximately 
100–150  kcal. This protocol is divided in three stages: 
active, re-education, and maintenance.

Active stage
The active stage is characterized by a very low-calorie 
diet (600–800  kcal/day), low in carbohydrates (< 50  g 
daily from vegetables) and lipids (only 10  g of olive oil 
per day). The amount of high-biological-value proteins 
ranged between 0.8 and 1.2 g per each Kg of ideal body 
weight in order to preserve lean mass and to meet the 
minimal daily body requirements. This stage is further 
divided in 3 ketogenic phases: in phase 1, the patients 
eat high-biological-value protein preparations five times 
a day, along with vegetables with low glycemic index. In 
phase 2, one of the protein servings is replaced by nat-
ural proteins such as meat/egg/fish either at lunch or 
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at dinner. In the phase 3, a second serve of the natural 
protein low in fat replaced the second serve of biological 
protein preparation. Being a very low caloric nutritional 
pattern, it is recommended to supplement patients with 
micronutrients (vitamins, such as complex B vitamins, 
vitamin C and E, minerals, including potassium, sodium, 
magnesium, calcium; and omega-3 fatty acids) accord-
ing to international recommendations. This active stage 
is kept until the patient loses most of weight loss target, 
about 80%. Therefore, the ketogenic phases are variable 
in time depending on the individual and the weight loss 
target. The active stage generally lasts between 8 and 
12 weeks in total.

Re‑education stage
After the ketogenic phases, the patient is switched to 
low-calorie diet. At this point, the patients will progres-
sively reintroduce different food groups and in the mean-
time participates in a program of alimentary re-education 
in order to maintain weight long term. Carbohydrates are 
gradually reintroduced, starting from foods with the low-
est glycemic index (fruit, dairy products—Phase 4), fol-
lowed by foods with moderate (legumes—Phase 5) and 
high glycemic index (bread, pasta and cereals—Phase 
6). The daily calorie intake in the reintroduction period 
(Phases 4–6) ranges between 800 and 1500  kcal/day. 
After the reintroduction of food there is a maintenance 
stage which includes an eating plan balanced in carbohy-
drates, protein, and fat. The main target of this stage is to 
keep lost weight and to promote healthy lifestyle. In this 
stage the calories consumed ranged between 1.500 and 
2.000 kcal/day, depending on individual.

Indications and contraindications
The The European Association for the Study of Obe-
sity (EASO) guidelines defines as very low calorie diets 
(VLCD) a diet that usually provide less than 800 kcal/
day and highlights as it may be used only as part of a 
comprehensive programme under the supervision of an 
obesity specialist or another physician trained in nutri-
tion and dietetics. The prescription of VLCD should be 
limited for specific patients and for short frametime. 
VLCDs are unsuitable as a unique source of nutrition for 
children and adolescents, pregnant or lactating women 
and the elderly [21]. According to the National Institute 
for Health and Care Excellence (NICE) guidance, VLCD 
should be considered as part of a multistrategical weight 
management for people who are obese and who have a 
clinically assessed need to lose weight rapidly (for exam-
ple, those who need joint replacement surgery or who are 
seeking fertility services). VLCD should be is followed 
for a maximum of 12  weeks (continuously or intermit-
tently) with ongoing clinical Support [22]. The VLCKDs 

indications of ADI (Associazione Italiana di Dietetica e 
Nutrizione Clinica) are the following [23]:

1. Morbid obesity or complicated (T2DM, dyslipi-
demia, hypertension, metabolic syndrome, obstruc-
tive sleep apnoea syndrome (OSAS), bone diseases or 
severe arthropathy);

2. Severe obesity with bariatric surgery indication (in 
the preoperative period);

3. Patients with severe comorbidities needing a rapid 
weight loss;

4. Non-alcoholic fatty liver disease (NAFLD);
5. Drug-resistant epilepsy.

The VLCKDs controindications of Associazione Itali-
ana di dietetica e Nutrizione Clinica (ADI) are repre-
sented by:

1. Pregnancy and lactation;
2. History of mental disorders and behavioral problems, 

abuse of alcohol and other substances;
3. Hepatic or renal failure;
4. Type 1 Diabetes;
5. Porphyria, unstable angina, recent myocardial infarc-

tion (Table 1).

In 2016, VLCKD has also been reported with similar 
indications in the standards of care in obesity released by 
the Italian Society of Obesity (SIO) and ADI itself [24]. 
The recent consensus statement from the Italian Society 
of Endocrinology (SIE) strongly recommended VLCKDs 
in:

1. Severe obesity;
2. Management of severe obesity before bariatric sur-

gery;
3. Sarcopenic obesity;
4. Obesity associated with T2DM (preserved beta cell 

function);
5. Obesity associated with hypertriglyceridemia;
6. Obesity associated with hypertension;
7. Pediatric obesity associated with epilepsy and/or 

with a high level of insulin resistance and/or comor-
bidities, not responsive to standardized diet.

There is a weak recommendation for:

1. Obesity associated with dysbiosis of the gut micro-
biota;

2. Obesity associated with high levels of LDL-choles-
terol and/or low levels of HDL-cholesterol;

3. Obesity associated with non-alcoholic fatty liver dis-
ease (NAFLD);
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4. Obesity associated with heart failure (NYHA I–II);
5. Obesity associated with atherosclerosis;
6. Male obesity secondary hypogonadism;
7. Obesity associated with polycystic ovary syndrome 

(PCOS);
8. Menopausal transition-related obesity;
9. Neurodegenerative disorders associated with sarco-

penic obesity.

The absolute contraindications are represented by type 
1 diabetes mellitus, latent autoimmune diabetes in adults, 
β-cell failure in T2DM, use of sodium/glucose cotrans-
porter 2 (SGLT2) inhibitors (risk for euglycemic diabetic 
ketoacidosis), pregnancy and breastfeeding kidney fail-
ure and moderate-to-severe chronic kidney disease, liver 
failure, hearth failure (NYHA III–IV), respiratory failure 

unstable angina, recent stroke or myocardial infarction 
(< 12  months), cardiac arrhythmias, eating disorders and 
other severe mental illnesses, alcohol and substance abuse, 
active/severe infections, frail elderly patients, 48  h prior 
to elective surgery or invasive procedures and periopera-
tive period, rare disorders: porphyria, carnitine deficiency, 
carnitine palmitoyltransferase deficiency, carnitine-acyl-
carnitine translocase deficiency, mitochondrial fatty acid 
β-oxidation disorders, pyruvate carboxylase deficiency 
(Table 1) [20]. Finally according to Società Italiana di Chi-
rurgia dell’OBesità e delle malattie metaboliche (SICOB) 
the use of VLCKD from 15 to 30  days prior to surgery 
allows to get satisfactory results in less time, with less 
money and fewer side effects than the intragastric balloon 
[25].

Table 1 Indications and  contraindications to  VLCKD of  ADI (Associazione Italiana di Dietetica e Nutrizione Clinica) 
and SIE (Società Italiana di Endocrinologia)

ADI SIE

Indications Morbid obesity or complicated (type 2 diabetes, dyslipidemia, hypertension, 
metabolic syndrome, OSAS, bone diseases or severe arthropathy)

Severe obesity with bariatric surgery indication (in the preoperative period)
Patients with severe comorbidities needing a rapid weight loss
Non-alcoholic fatty liver disease (NAFLD)
Drug-resistant epilepsy

Severe obesity
Management of severe obesity before bariatric 

surgery
Sarcopenic obesity
Obesity associated with type 2 diabetes (pre-

served beta cell function)
Obesity associated with hypertriglyceridemia
Obesity associated with hypertension
Pediatric obesity associated with epilepsy and/

or with a high level of insulin resistance and/
or comorbidities, not responsive to standard-
ized diet

Contraindications Pregnancy and lactation
History of mental disorders and behavioral problems, abuse of alcohol and other 

substances
Hepatic or renal failure
Type 1 Diabetes
Porphyria, unstable angina, recent myocardial infarction

Type 1 diabetes mellitus
Latent autoimmune diabetes in adults
β-cell failure in type 2 diabetes mellitus
Use of sodium/glucose cotransporter 2 (SGLT2) 

inhibitors (risk for euglycemic diabetic 
ketoacidosis)

Pregnancy and breastfeeding
Kidney failure and moderate-to-severe chronic 

kidney disease
Liver failure
Hearth failure (NYHA III-IV)
Respiratory failure
Unstable angina, recent stroke or myocardial 

infarction (or myocardial infarction (or myo-
cardial infarction (< 12 months)

Cardiac arrhythmias
Eating disorders and other severe mental ill-

nesses, alcohol and substance abuse
Active/severe infections
Frail elderly patients
48 h prior to elective surgery or invasive proce-

dures and perioperative period
Rare disorders: porphyria, carnitine deficiency, 

carnitine palmitoyltransferase deficiency, 
carnitine-acylcarnitine translocase deficiency, 
mitochondrial fatty acid β-oxidation disor-
ders, pyruvate carboxylase deficiency
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Efficacy and management of the most common 
side effects
Efficacy
The VLCKD is a nutritional protocol that provides sud-
denly beneficial effects on anthropometric and metabolic 
parameters and on body composition [9]. The assessment 
of anthropometric measurements (BMI, weight, waist 
circumference and hip circumference), body composition 
and hydration status (by bioelectrical impedance analy-
sis) is recommended at baseline, during the active state 
and at the end of the VLCKD program. In order to inves-
tigate the efficacy of VLCKD on metabolic parameters 
glucose, insulin, total cholesterol, HDL-cholesterol, LDL-
cholesterol, triglycerides (serum) should be assessed at 
baseline and at the end of the VLCKD program (Table 2).

Short term side effects
Dehydration Dehydration is the most common early-
onset complication of VLCKD. Signs and symptoms of 
dehydration are mostly represented by dry mouth, head-
ache, dizziness/orthostatic hypotension and visual dis-
turbance [26]. Therefore, proper water intake (at least 2 L 
of sugarless fluids daily) is mandatory mostly in the first 
3 phases. In order to relieve headache, it is advisable to 
take mild analgesics as pills instead of liquid formulations 
because they could contain sugar. However, it should 
notice that headache is a short term, temporary side 
effect; in fact, VLCKDs are currently used in the treat-
ment of chronic migraine [27]. Electrolyte abnormali-
ties such as hyponatremia and hypomagnesemia, which 
are potentially due to dehydration, urinary excretion of 
ketone bodies and poor intake of micronutrients, could 
occur mostly in the active stage. It has been reported that 

in the sodium-equilibrated subjects on a constant sodium 
intake, the natriuresis of early starvation is transient and 
lasts typically from days 2 through 6 of the fast, the peak 
natriuresis occurs with some individual variation on day 
4 of the fast. Following the natriuresis, there is a return to 
positive sodium balance, which will be kept for the dura-
tion of fasting. In contrast to the natriuresis, the small and 
variable kaliuresis that accompanies starvation occurs on 
days 5 through 7 of the fast, after which there is a return 
to positive potassium balance [17]. If patient complain 
hypotension-related symptoms, it is advisable to increase 
salt intake wherever there are no contraindications. Sup-
plementing with magnesium can help reduce muscle 
cramps, difficulty sleeping and irritability mostly in the 
active stage.

Hypoglycemia Transient hypoglycemia could be a com-
plication of the VLCKD, usually in the initial period of 
protocol [28]. The majority of the glucose lowering effect 
has been related to calorie restriction, whereas weight 
loss has an increasing contribution over the time through 
the decrease in intraabdominal (visceral) adipose tissue. 
Further, It has been demonstrated that ketone bodies can 
stimulate insulin secretion in normal humans [29]. The 
reduction of fat mass consequent to weight reduction 
during VLCKD is associated with decreased oxidation of 
lipids and increased oxidation of glucose. The net effect 
of the shift in oxidation of fuels was enhanced glucose 
metabolism and improved insulin sensitivity [30].

The reduction in carbohydrate intake is associated 
with an early and significant decrease in hepatic triacyl-
glycerol content that in turn suppresses hepatic glucose 
production improving hepatic insulin sensitivity [31]. 

Table 2 Anthropometric measurements and laboratory assessment to be monitored during the VLCKD

BMI body mass index, AST aspartate aminotransferase, ALT alanine transaminase, γGT γ-glutamyltransferase, 25(OH)D 25-hydroxy vitamin D, TSH thyroid-stimulating 
hormone, FT4 free thyroxine

Parameters Baseline During 
active 
stages

At 
the end 
of VLCKD

Anthropometric assessment Weight, height, BMI ✓ ✓ ✓
Body composition and hydration status (by bioelectrical impedance analysis) ✓ ✓ ✓

Laboratory assessment Complete blood count with platelets ✓ ✓ ✓
Sodium, potassium, magnesium, and inorganic phosphate ✓ ✓ ✓
Serum liver and kidney tests (including albumin, AST, ALT, blood urea nitrogen, 

creatinine, γ-GT, total and direct bilirubin)
✓ ✓ ✓

Fasting lipid profile ✓ ✓
25(OH)D, calcium ✓ ✓
Glucose, Insulin ✓ ✓
β-Hydroxybutyrate (capillary blood or urine) ✓
TSH, FT4 ✓
Complete urinalysis and microalbuminuria (urine) ✓ ✓ ✓
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However, most patients experiencing transient hypogly-
cemia recover without assistance and do not show hypo-
glycemic symptoms. If blood glucose is less than 40 mg/
dL and hypoglycemia is symptomatic, it is suggested the 
assumption of carbo-hydrate-containing beverages such 
as orange juice.

Lethargy Transitory lethargy could occur in the first 
days of the protocol and it occurs as the body switches 
from burning carbohydrates to burning fat for energy. 
However, if lethargy persists more than few days, medi-
cal investigations are recommended, as lethargy could 
be also a symptom of dehydration, excessive ketosis and 
nutrient deficiencies. It is also recommended to measure 
ketonemia/ketonuria and eventually, it is suggested the 
assumption of carbo-hydrate-containing beverages such 
as orange juice.

Halitosis Halitosis can occur whilst VLCKD. This is due 
to ketosis and generally it is caused by an increase in ace-
tone levels. This is characteristic of VLCKD and it could 
be considered as an additional sign of being in ketosis. The 
halitosis will only last whilst they are following the active 
stage; chewing on a low-calorie mint or sugar free chew-
ing gum is recommended to manage it.

Gastrointestinal side effects The most common early 
complications of VLCKD are represented by gastrointes-
tinal disturbances, involving nausea/vomiting, diarrhea, 
or constipation. Gastrointestinal (GI) disturbances are 
often related to scarce tolerance of the diet that result in a 
significant resistance to the ketogenic diet and even blunt-
ing its efficacy. Diarrhea is the most common of these 
symptoms, but most cases is transient and easily con-
trolled, sometimes using short-term antidiarrhea medica-
tion. This is could due to defective absorption and intol-
erance of fat. In addition, the high-lipid diet ketogenic 
diet’s high-fat content prolongs the gastric emptying time 
thus favouring gastroesophageal reflux disease, nausea 
and vomit. A modification of the diet menu such as fre-
quent intake of small amounts, intermittent use of GI 
drugs such as antiemetics, GI tract regulators, and antac-
ids. Constipation might be caused by a decreased intake 
of fiber and/or by a decreased volume of food [32]. Con-
stipation can be successfully controlled ensuring an ade-
quate fluid intake and/or using low-calorie bulk laxative 
and/or intermittent enemas. The supplement of dietary 
fibre may improve constipation increasing the number of 
bowel movements. In subjects with pre-existing constipa-
tion, diverticular disease or haemorrhoids an extra dietary 
fibre (psyllium 3.5 g twice daily is recommended) from the 
beginning of the diet need to be considered [33]. Acute 
pancreatitis is a rare but serious complication that is often 

fatal [34]. Pancreatitis can be caused by hypertriglyceri-
demia [35]. Hepatitis is also a rare complication that could 
be fatal [28]. Both these conditions may occur more often 
if there is the concomitant use of antiepileptic drugs [36]. 
Discontinuation of the VLCKD and adequate supportive 
treatment are required for successful recovery.

Hyperuricemia Serum uric acid is known to increase 
in individuals on ketogenic regimens providing less than 
900 calories per day. Plasma uric acid levels increase on 
VLCKDs, especially if the diet is very low in carbohydrate. 
Uric acid also follows a biphasic course having a peak in 
1 to 2  weeks and then decreases toward baseline [19]. 
Patients with a prior history of gout may be more prone 
to develop exacerbations. However, attacks of acute gouty 
arthritis, has been described in less than 1% of subjects 
following VLCKD [37], (Table 2).

Long term side effects
Hypoproteinemia Hypoproteinemia could occur prob-
ably as a consequence of gluconeogenic consumption due 
to carbohydrate restriction [38]. In order to manage this 
side effect, it is recommended to increase protein intake 
from 1  g/kg/day to 1.5  g/kg/day while the lipid-to-non-
lipid ratio is kept.

Hypocalcemia and  bone damage It has been reported 
that serum ionized calcium, as well as total serum cal-
cium, plasma parathyroid hormone (PTH) and calcitonin 
levels remain stable even during the 4-week long VLCD 
[39]. In particular calcium balance has been reported to 
be positive in people with obesity undergoing a moder-
ate VLCKD taking high calcium intake (1200  mg/day); 
the retention of ingested calcium was proportional to the 
amount of carbohydrate in the diet [40]. Although cal-
cium metabolism seems to be preserved in VLCKD, few 
evidence reported that very low calorie diet has a nega-
tive effect on both bone mineral content (BMC) and bone 
mineral density (BMD), in particular in the femoral neck 
and greater trochanter, and that this effect is proportional 
to the degree of reduction in body weight, as well as in 
fat and lean mass [41, 42]. However, there are no data to 
suggest this increases long-term fracture risk. Although 
no studies have been carried out in VLCKD, diet high in 
acid-ash proteins have been described to be associated to 
excessive calcium loss because of its acidogenic content. 
Calcium is provided as buffer from the skeleton through 
the active resorption of bone; indeed, calciuria is directly 
related to net acid excretion and it is not compensate by 
increasing intestinal calcium absorption [43]. Thus, taken 
together, all these observations raise some concern about 
the risk of a moderate loss of bone mineral content dur-
ing VLCD. To prevent such a consequence of dieting, it is 
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recommended to provide an adequate high intake of cal-
cium and vitamin D, as well as an appropriate amount of 
carbohydrate.

Lipid profile changes The effects of VLCKD on plasma 
lipoproteins in obese patients is characterized by a fall in 
plasma triglycerides, an increase in LDL-cholesterol and a 
neutral effect on HDL-cholesterol. The prolonged inges-
tion of high lipid diets could be responsible of increase in 
LDL cholesterol [20]. However, this seems to be a transient 
effect as demonstreated by the reabsorption of ateroma 
produce by ketogenic diet, after returning to a normal diet 
[44]. Since the increase in LDL has been reported to spon-
taneously improve, the decrease of the lipid-to-nonlipid 
ratio to 3:1 or the use of cholesterol-reducing medication 
should be taken into account if LDL does not normalize 
after returning to normal diet.

Urolithiasis Urolithiasis is another possible complica-
tion of the VLCKD [45, 46]. The stones are mostly are 
mostly made of uric acid, calcium oxalate, or a mixture of 
calcium oxalate and calcium phosphate/uric acid. [45, 46]. 
The cause of VLCKD—related urolithiasis are represented 
by chronic acidosis, dehydration, and fat malabsorption. 
Risk factors of developing urolithiasis include young age, 
family history of kidney stones, and a urine Ca/Cr ratio of 
> 0.2 [45]. In order to prevent the onset of urolithiasis it 
is suggested to recommend an adequate daily fluid intake 
(at leat 2 L) and to alkalinize urine using oral potassium 
citrate.

Gallstones The low fat content and/ore the rapid weight 
loss increases the risk of developing gallstones. In fact it 
has been already reported that rapid weight loss, either by 
VLCD or bariatric surgery, is a known risk factor for gall-
stone formation [47]. This is due to the supersaturation 
of bile with cholesterol, leading to cholesterol crystalliza-

tion and stone formation, and to the insufficient gallblad-
der emptying caused by blunted due to impaired motility. 
Both mechanisms happen in VLCD: supersaturation is 
mostly due to decreased bile salt levels and increased cho-
lesterol levels whilst impaired motility is due to reduced 
gallbladder stimulation because of the low-fat content [48, 
49]. In order to prevent the risk of gallstones, a fat intake 
of 7–10  g per day has been reported as a threshold for 
maintaining an efficient gallbladder emptying [50].

Hair loss Hair loss occurs mostly in patients in whom 
weight loss is associated with the loss of body cell mass (e.g., 
a significant negative nitrogen balance). When mobilized 
body protein plus dietary protein are not enough to meet 
requirements, the low priority of hair growth for available 
protein accounts for the telogen effluvium [51]. The hair 
loss is transient and hair grows back well as weight stabi-
lizes. However, an increase in protein intake during fasting 
in order to preserve nitrogen balance, contribute to elimi-
nate almost completely hair loss, (Table 2).

Conclusions
VLCKD is an ideal therapeutic tool for people with obesity 
and in particular for that subjects who have already expe-
rienced unsuccessful diet in the past and/or have urgently 
need to lose weight (people with obesity with joint dis-
eases, people with obesity with bariatric surgery indica-
tions, people with obesity with cardiovascular risk factor 
etc.). Given the potential of VLCKD in determining remis-
sion of T2DM, VLCKD should be also taken into account 
in people with obesity with short T2DM duration.

Once weight goal is achieved, it is mandatory to suggest 
an appropriate healthy lifestyle (physical activity and a bal-
anced nutritional pattern such as Mediterranean Diet) for 
long-term body weight maintenance. The scheme of the 
stages of VLCKD is reported in Fig. 1. 
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Abstract 

Background: Very Low-Calorie Ketogenic Diet (VLCKD) is currently a promising approach for the treatment of 
obesity. However, little is known about the side effects since most of the studies reporting them were carried out in 
normal weight subjects following Ketogenic Diet for other purposes than obesity. Thus, the aims of the study were: (1) 
to investigate the safety of VLCKD in subjects with obesity; (2) if VLCKD-related side effects could have an impact on its 
efficacy.

Methods: In this prospective study we consecutively enrolled 106 subjects with obesity (12 males and 94 females, 
BMI 34.98 ± 5.43 kg/m2) that underwent to VLCKD. In all subjects we recorded side effects at the end of ketogenic 
phase and assessed anthropometric parameters at the baseline and at the end of ketogenic phase. In a subgroup of 
25 subjects, we also assessed biochemical parameters.

Results: No serious side effects occurred in our population and those that did occur were clinically mild and did not 
lead to discontinuation of the dietary protocol as they could be easily managed by healthcare professionals or often 
resolved spontaneously. Nine (8.5%) subjects stopped VLCKD before the end of the protocol for the following reasons: 
2 (1.9%) due to palatability and 7 (6.1%) due to excessive costs. Finally, there were no differences in terms of weight 
loss percentage (13.5 ± 10.9% vs 18.2 ± 8.9%; p = 0.318) in subjects that developed side effects and subjects that did 
not developed side effects.

Conclusion: Our study demonstrated that VLCKD is a promising, safe and effective therapeutic tool for people with 
obesity. Despite common misgivings, side effects are mild, transient and can be prevented and managed by adhering 
to the appropriate indications and contraindications for VLCKD, following well-organized and standardized protocols 
and performing adequate clinical and laboratory monitoring.
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Background
There is increasing evidence that obesity has reached an 
epidemic rate. In 2016, more than 1.9 billion adults over 
the age of 18 were reportedly overweight and more than 
650 million adults were obese [1]. Obesity significantly 
increases the risk of developing chronic diseases such as 

arterial hypertension, dyslipidemia, type 2 diabetes mel-
litus (T2DM), coronary heart disease, cerebral vasculopa-
thy, gallbladder lithiasis, arthropathy, polycystic ovary 
disease, sleep apnea syndrome, and some neoplasms [2, 
3]. To achieve weight loss, one of the major challenges in 
the treatment of obesity is to reduce energy intake and 
increase energy expenditure [4]. Although various strate-
gies have been developed to achieve this goal, the preva-
lence of this condition is increasing. The most frequently 
used dietary strategy is characterized by a reduction in 
fat intake and an increase in complex carbohydrates [5]. 
The fact that people with obesity rarely adhere to their 
diet is mainly because they prefer highly processed foods 

Open Access

Journal of 
Translational Medicine

*Correspondence:  giovanna.muscogiuri@gmail.com
†Luigi Barrea and Ludovica Verde are co-first authors and contributed 
equally to this article
2 Department of Clinical Medicine and Surgery, Endocrinology Unit, 
University Federico II, Via Sergio Pansini 5, 80131 Naples, Italy
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-021-03221-6&domain=pdf


Page 2 of 10Barrea et al. Journal of Translational Medicine           (2022) 20:23 

with simple sugars over complex/raw carbohydrates [5]. 
This is because foods with a high glycemic index can 
stimulate serotonin release, which in turn makes people 
feel good and promotes the onset of carbohydrate crav-
ings [5]. Although new anti-obesity drugs are constantly 
appearing on the market, they still have some limitations, 
such as not insignificant cost, possible side effects and 
contraindications, which make them not suitable for all 
people with obesity [6]. Moreover, bariatric surgery has 
proven to be a useful tool for weight loss and remission 
of T2DM and metabolic syndrome [7]. However, there 
are several complications and sequelae associated with 
surgery, and it is limited to those individuals with severe 
obesity who do not have contraindications for surgery 
[8]. In this context, the very low-calorie ketogenic diet 
(VLCKD) has recently been proposed as an attractive 
nutritional strategy for the treatment of obesity in indi-
viduals who have already attempted to lose weight on a 
diet with a more balanced distribution of macronutri-
ents without achieving the goal of weight loss. VLCKDs 
consist of 90% calories from fat and only 10% from car-
bohydrate and protein, resulting in a severely restricted 
diet [9]. In individuals with obesity, VLCKD has dem-
onstrated beneficial effects on body composition, meta-
bolic profile, and the expression of inflammation and 
oxidative stress genes [10–12]. The Obesity Management 
Task Force (OMTF) of the European Association for the 
Study of Obesity (EASO) carried out a meta-analysis 
of 15 studies to assess the efficacy of VLCKD on body 
weight, body composition, glycemic and lipid parameters 
in subjects with overweight and obesity [13]. The first 
finding was that VLCKD was associated with significant 
reductions in body weight and BMI at 1, 2, 4–6, 12, and 
24  months and appeared to be associated with greater 
rates of weight loss compared with other diets with dif-
ferent energy content (i.e., low-calorie diet and very 
low-calorie diet) for the same duration. The second find-
ing was that a VLCKD was associated with significant 
reductions in waist circumference (WC) (an expression 
of central adipose tissue) and fat mass, and these reduc-
tions were significantly greater than those achieved with 
other weight loss interventions of the same duration. 
The third outcome concerned blood glucose levels and 
Glycosilated Haemoglobin A1C (HbA1c) levels. Here, a 
significant reduction was found after VLCKD, without 
superiority compared to other weight loss measures. On 
the other hand, VLCKD was associated with a reduction 
in the homeostasis model of assessment-IR (HOMA-IR) 
index and an improvement in insulin sensitivity, and this 
effect was superior to that of other weight loss programs. 
The fourth finding was that a VLCKD was associated 
with a reduction in total cholesterol and had a greater 
effect in lowering total cholesterol compared with other 

weight loss programs. In the same vein, VLCKD resulted 
in a significant reduction in low density lipoproteins 
(LDL) cholesterol levels from baseline to post-VLCKD 
follow-up but did not show a superior effect compared to 
other weight loss diets in terms of LDL reduction. On the 
other hand, no change in high density lipoproteins (HDL) 
cholesterol was observed from baseline to follow-up after 
VLCKD. Interestingly, no differences were also found 
when we compared the mean change in HDL cholesterol 
between a VLCKD and other weight loss interventions. 
Finally, a significant decrease in triglycerides (TG) lv 
from baseline was associated with a VLCKD and proved 
to be superior to other diets [13].

Ketogenic Diet (KD) induce a metabolic state termed 
“physiological ketosis” by Hans Krebs, which is distinct 
from pathological diabetic ketosis [14]. In the past, the 
KD has been used to treat various diseases such as pedi-
atric pharmacoresistant epilepsy [15]. More recently, 
VLCKD has undoubtedly been shown to be effective in 
tackling obesity [16], dyslipidemia, and most of the car-
diovascular risk factors associated with obesity [17, 18]. 
The rapid initial weight loss is due to natriuresis and 
diuresis resulting from the decrease in insulin levels 
and the increase in glucagon levels and ketone produc-
tion [19, 20]. Even after the initial diuresis, weight loss 
remains faster than other diets because the amount of 
calories is very low. In addition, because the dietary pat-
tern is unfamiliar and the diet is perceived as temporary, 
patients may be able to sustain the diet better than with 
dietary patterns that require a longer period of time 
to lose the same amount of weight. Furthermore, dur-
ing ketosis, subjects reported less hunger and a greater 
sense of satiety, a useful property to improve adherence 
to dietary treatments [21]. There are several hypotheses 
about the effect of a VLCKD on the feeling of satiety and 
some authors have suggested that there may be a direct 
effect of ketone bodies, especially B-hydroxybutyrate, on 
appetite suppression [22, 23]. The relative maintenance of 
protein mass is also an advantage, at least compared with 
starvation [24].

Although several studies highlighted the efficacy of 
VLCKD in obesity, however, the major concerns are rep-
resented by the side effects. Indeed, no studies have been 
carried out in subjects with obesity to specifically investi-
gate the VLCKD-related side effects. Since the ketogenic 
phase of VLCKD is the most effective in weight loss and 
it is the phase that potentially could be associated more 
frequently to side effects, the primary objective of our 
study was to investigate the VLCKD-related side effects 
in obesity focusing on the time of onset and on the dura-
tion in subjects with obesity in the ketogenic phase of 
VLCKD. The second objective of our study was to inves-
tigate the impact of side effects on efficacy of VLCKD.



Page 3 of 10Barrea et al. Journal of Translational Medicine           (2022) 20:23  

Methods
Subjects
We prospectively recruited 106 (12 males and 94 females, 
BMI 34.98 ± 5.43  kg/m2) consecutive patients clinically 
referred for weight loss treatment at the Centro Italiano 
per la cura e il Benessere del paziente con Obesità 
(C.I.B.O), Endocrinology Unit, Department of Clinical 
Medicine and Surgery, University Federico II of Naples 
(Italy), from March 2021 to September 2021. The study 
has been approved by the Local Ethical Committee (n. 
50/20) and carried out in accordance with the Code of 
Ethics of the World Medical Association (Declaration of 
Helsinki) for experiments that involved humans. The aim 
of the study was clearly explained to all the study partici-
pants and a written informed consent was obtained.

Inclusion criteria were: age 18  years or older, 
BMI ≥ 30 kg/m2, naive subjects, i.e. who had not already 
tried treatment with anti-obesity drugs or bariatric sur-
gery. Exclusion criteria were: type 1 diabetes mellitus, 
latent autoimmune diabetes in adults, T2DM on insu-
lin therapy, pregnancy and breastfeeding, kidney failure 
and severe chronic kidney disease, liver failure, hearth 
failure (NYHA III–IV), respiratory insufficiency, unsta-
ble angina, a recent stroke or myocardial infarction 
(< 12  months), cardiac arrhythmias, eating disorders 
and other severe mental illnesses, alcohol and substance 
abuse, active/severe infections, frail elderly patients, 48 h 
prior to an elective surgery or invasive procedures and a 
perioperative period, rare disorders such as porphyria, 
carnitine deficiency, carnitine palmitoyltransferase defi-
ciency, carnitine-acylcarnitine translocase deficiency, 
mitochondrial fatty acid β-oxidation disorders, and pyru-
vate carboxylase deficiency.

Anthropometric measurements and physical activity
Anthropometric measurements were assessed at baseline 
and at the end of ketogenic phase. Measurements were 
performed between 8 a.m. and 12 p.m. and all the sub-
jects were measured after an overnight fast. The anthro-
pometric measurements were performed by the same 
operator, according to the International Society for the 
Advancement of Kinanthropometry (ISAK 2006). All 
the anthropometric measurements were taken with sub-
jects only wearing light clothes and without shoes. Body 
weight was determined to the nearest 0.1 kg while using a 
calibrated balance beam scale (Seca 711; Seca, Hamburg, 
Germany) as well as height was measured to the nearest 
0.5 cm with a wall-mounted stadiometer (Seca 711; Seca, 
Hamburg, Germany). In each subject, weight and height 
were measured to calculate the body mass index (BMI) 
[weight (kg)/height2  (m2)]. BMI was classified accord-
ing to World Health Organization’s criteria with normal 
weight: 18.5–24.9  kg/m2; overweight, 25.0–29.9  kg/m2; 

grade I obesity, 30.0–34.9 kg/m2; grade II obesity, 35.0–
39.9 kg/m2. WC was measured to the nearest 0.1 cm with 
a no stretch tape measure at the natural indentation or 
halfway between the lower edge of the rib cage and the 
iliac crest if no natural indentation was visible, accord-
ing to the National Center for Health Statistics. Finally, 
the Weight Loss Percentage (WLP) was calculated using 
the following formula: WLP (%) = [(Starting Weight−
Current Weight)/Starting Weight] × 100. Measure-
ments were taken at baseline and at each end step of the 
VLCKD protocol. Participants who habitually exercised 
at least 30 min per day (YES /NO) were defined as physi-
cally active.

Laboratory assay
In a subgroup of 25 subjects with obesity we assessed 
biochemical parameters. Blood samples were collected 
by venipuncture between 8 a.m. and 10 a.m. after an 
overnight fast. Samples were then transferred to the local 
laboratory and handled according to the local stand-
ards of practice. Insulin, glucose, HbA1C, lipid profile, 
electrolytes, uric acid, liver enzymes, and renal func-
tion were measured. The HOMA-IR [fasting glucose 
(mmol/l) × fasting insulin (mU/ml)/22.5] was also cal-
culated for each subject, as previously detailed [25]. The 
Glomerular Filtration Rate (GFR) was calculated as fol-
lows: eGFR (ml/min/ 1.73   m2) = 175 × serum creatinine 
−1.234 × age −0.179 (× 0.742 if female) (× 1.212 if black) 
[26]. Ketosis was confirmed by the detection of acetoac-
etate in urine using commercially available urine reagent 
strips (Ketur test, Roche Diagnostics, Switzerland).

Nutritional intervention
Subjects who met the inclusion criteria underwent to the 
VLCKD with the use of replacement meals following a 
protocol consisting in three stages: active, re-education, 
and maintenance. The replacement meals used for all 
subjects were from the same company. After the anthro-
pometric assessment, the diet was prepared by qualified 
nutritionists and prescribed by the endocrinologist. The 
VLCKD provided a total daily energy intake of < 800 kcal 
depending on the quantity and quality of the prepara-
tions. The breakdown of macronutrients was as follows: 
≃  13% glucides, generally less than 30  g/day; ≃  43% 
protein, daily protein intake of about 1.2–1.5  g/kg ideal 
body weight, ≃  44% lipids, olive oil predominating. The 
VLCKD was based on protein from high biological value 
preparations derived from peas, eggs, soy and whey. Each 
protein preparation consisted of approximately 18 g pro-
tein, 4 g carbohydrates, 3 g fat (mainly vegetable oils with 
a high oleic acid content) and provided approximately 
100–150  kcal. The weight loss program was structured 
in several phases. During Phase 1 (21  days), patients 
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consumed 4–6 protein preparations (depending on ideal 
body weight) and low-carbohydrate vegetables, establish-
ing the state of ketosis. In subsequent phases, the state of 
ketosis was still maintained. During Phase 2 (30 days) 1/2 
of the meals provided (lunch and/or dinner) were gradu-
ally replaced by meals based on natural proteins (meat/
fish/eggs/soy). The ketogenic period (Phases 1–2), which 
provided ≃ 600–800 kcal/day, was about 50 days in total. 
As it is a very low calorie diet, it is recommended to pro-
vide patients with micronutrients (vitamins, such as com-
plex B vitamins, vitamins C and E, minerals, including 
potassium, sodium, magnesium, calcium and omega-3 
fatty acids) according to international recommendations.

Side effects assessments
The assessment of side effects was carried out through a 
questionnaire, periodic physical examination and labo-
ratory assessment. The questionnaire was formulated 
reporting all the side effects already known to be asso-
ciated with KD although in other setting of subjects i.e. 
migraine, dry mouth, dizziness, low blood pressure, 
visual disturbances, low blood sugar, lethargy, halitosis, 
diarrhoea, constipation, vomiting/nausea, hyperurice-
mia, urolithiasis, gallbladder disease, hair loss [13, 27]. It 
has been proposed a preliminary version of the question-
naire that was first tested in 10 patients, who were asked 
to comment on any aspect (content, wording and choice 
of answer). Questions that were ambiguous, misunder-
stood or rarely answered were reformulated. This resulted 
in a final version of 15 questions. This list of 15 potential 
side effects was administered and it included headache, 
dry mouth, dizziness, low blood pressure, visual distur-
bances, low blood sugar, lethargy, halitosis, diarrhoea, 
constipation, vomiting/nausea, hyperuricemia, urolithi-
asis, gallbladder disease, hair loss and whether the diet 
was stopped early (and why) than the end of the proto-
col. All questions used nominal variables (YES/NO) and 
were completed with information on the day of onset and 
duration of symptoms. Finally, information was also col-
lected on how the symptom was managed and whether 
drugs and/or supplements were taken. Subjects were 
screened for side effects at the end of ketogenic phase.

Statistical analysis
Continuous variables are expressed as mean ± standard 
deviation (SD) when normally distributed. Categorical 
variables are expressed as numbers and percentage (%). 
Variations were analyzed through the paired t-test for 
normally distributed variables. The p values were consid-
ered significant at p < 0.05 with 95% confidence interval. 
Statistical analysis was performed according to standard 
methods using the Statistical Package for Social Sciences 
software 26.0 (SPSS/PC; SPSS, Chicago, IL, USA).

Results
Between March 2021 to September 2021, a total of 106 
(12 males and 94 females; BMI 34.98 ± 5.43 kg/m2) sub-
jects aged 39 ± 13.82 years underwent to the VLCKD and 
were included in the analyses. The main clinical charac-
teristics of the study population are reported in Table 1. 
WC was 106.16 ± 14.20  cm while waist to hip ratio 
(WHR) was 0.88 ± 0.08. Most of the participants were 
sedentary (78, 73.6%). The prevalence of cardiometa-
bolic diseases were the following: 2 (1.9%) subjects with 
T2DM, 9 (8.5%) with hypertension, 19 (17.9%) with dys-
lipidaemia, 19 (17.9%) with hypercholesterolaemia and 7 
(6.6%) with hypertriglyceridaemia.

Safety
Table 2 shows the side effects that occurred in our popu-
lation, their onset and duration, and any medical treat-
ment that they took to relieve side effects.

Regarding the kidney function, there was no sig-
nificant change between GFR from baseline to the 
end of ketogenic phase (94.13 ± 19.00  mL/min vs 
89.00 ± 20.83 mL/min; p = 0.123) (Table 3). With regard 
to liver function, we observed significant increase 
and decrease in AST e ALT levels, respectively (AST 
20.50 ± 6.60 U/L vs 20.92 ± 6.32 U/L; p = 0.022, ALT 
23.43 ± 9.85 U/L vs 22.90 ± 12.15 U/L; p = 0.001). Lastly, 
subjects showed a significant reduction in mean GGT 
from 17.82 ± 6.48 U/L to 14.72 ± 5.25 U/L (p = 0.003). 

Table 1 Demographic and clinical characteristics at baseline

Data are expressed as mean ± SD or n (%)

BMI body mass index, WC waist circumference, HC hip circumference, WHR 
waist-to-hip-ratio, CVD cardiovascular disease, T2DM type 2 diabetes mellitus

Parameters Subjects (N = 106)

Gender

 Male 12 (11.3)

 Female 94 (88.7)

Age 39 ± 13.82

BMI (kg/m2) 34.98 ± 5.43

WC (cm) 106.16 ± 14.20

HC (cm) 120.53 ± 10.8

WHR 0.88 ± 0.08

Physical activity

 Sedentary 78 (73.6)

 Moderate 28 (26.4)

CVD

 T2DM 2 (1.9)

 Hypertension 9 (8.5)

 Dyslipidaemia 19 (17.9)

 Hypercholesterolaemia 19 (17.9)

 Hypertriglyceridaemia 7 (6.6)
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No significant changes were detected in terms of serum 
potassium (4.41 ± 0.30  mmol/L vs 4.43 ± 0.33  mmol/L; 
p = 0.452) and serum calcium levels (9.70 ± 0.75  mg/
dL vs 9.90 ± 0.61  mg/dL; p = 0.056) (Table  3). A signifi-
cant increase of serum sodium levels has been detected 
(140.34 ± 2.72  mmol/L vs 140.53 ± 2.22  mmol/L; 
p = 0.001) Finally, there were no differences in terms of 
WLP (13.50 ± 10.88% vs 18.18 ± 8.91%; p = 0.318) in sub-
jects that developed side effects and subjects that did not 
developed side effects (Fig. 1).

Efficacy
Table 3 shows clinical and laboratory differences between 
baseline and the end of ketogenic phase. The weight from 
baseline to the end ketogenic phase was significantly 
reduced (94.38 ± 17.34  kg vs 87.29 ± 15.99  kg; p < 0.001) 
as well as the BMI (34.98 ± 5.43 kg/m2 vs 32.35 ± 5.02 kg/
m2; p < 0.001). We also observed a significant reduc-
tion of waist and hip circumferences (106.16 ± 14.20 cm 
vs 99.24 ± 13.57  cm, p < 0.001 and 120.53 ± 10.81  cm vs 
115.91 ± 9.70  cm, p < 0.001, respectively) and as can be 
expected there was also a reduction of WHR (0.88 ± 0.08 
vs 115.91 ± 9.70; p < 0.001), from baseline to the end 
of ketogenic phase. Similarly, fasting plasma glucose 

(88.04 ± 8.95  mg/dL vs 82.60 ± 10.08  mg/dL; p = 0.072), 
insulin (17.35  mg/dL ± 13.83  mg/dL vs 8.05 ± 5.48  mg/
dL; p = 0.286) and HOMA-IR (3.80 ± 2.79 vs 1.74 ± 1.29; 
p = 0.332) shows an improving trend despite not 
reaching statistically significant levels. Regarding the 
lipid profile, total cholesterol (170.20 ± 40.77  mg/
dL vs 144.72 ± 30.61  mg/dL; p < 0.001) and HDL 
(52.24 ± 12.17 mg/dL vs 49.86 ± 13.11 mg/dL; p = 0.018) 
significantly decreased from baseline to the end of 
ketogenic phase. No significant changes were observed 
in mean LDL (88.95 ± 30.77 mg/dL vs 86.14 ± 20.57 mg/
dL; p = 0.235) and mean TG levels (88.95 ± 30.77 mg/dL 
vs 86.14 ± 20.57 mg/dL; p = 0.235).

Discussion
Due to the imminent increase in obesity prevalence [1], 
effective strategies for weight loss and weight main-
tenance are needed. Although bariatric surgery is an 
effective treatment option for patients with obesity, its 
invasiveness, high costs, long waiting lists and poten-
tial complications limit its widespread use [8]. There-
fore, pharmacological and lifestyle-based treatments 
are a valuable option for most patients with obesity [6]. 
Although new anti-obesity drugs are constantly coming 

Table 2 Side effects occurring during ketogenic phase

Data are expressed as mean ± SD or n (%)

Parameters N (%) Time to onset from the beginning of 
VLCKD ± SD (days)

Duration (mean ± SD) 
(days)

Medically treated N (%) 
and which remedy N (%)

Headache 48 (45.3) 4.23 ± 4.99 7.43 ± 8.84 19 (17.9)9 (47.36) ibuprofen
9 (47.36) paracetamol
1 (5.26) indomethacin

Dry mouth 41 (43.5) 3.83 ± 3.22 19.95 ± 10.35 –

Dizziness 17 (16) 6.12 ± 7.26 9.35 ± 7.37 –

Hypotension 19 (17.9) 4.68 ± 4.69 11.31 ± 10.99 –

Visual disturbances 5 (4.7) 5.40 ± 4.72 8 ± 5.43 –

Low blood sugar 1 (0.9) 2 1 –

Lethargy 49 (46.2) 4.66 ± 4.40 15.9 ± 9.6 –

Halitosis 49 (46.2) 2.90 ± 1.52 22.06 ± 8.24 18 (17)
15(83.33) chewing gum
2 (11.11) oral spray
1 (5.55) mouthwash

Diarrhoea 13 (12.3) 13.31 ± 11.48 10.08 ± 11.48 –

Constipation 30 (28.3) 11.2 ± 16.20 16.37 ± 8.95 8 (7.5)
8 (100) osmotic laxative

Vomiting/nausea 16 (15.1) 4.81 ± 4.94 4.19 ± 3.25 2 (1.9)
1 (50) metoclopramide
1 (50) antacid

Hyperuricemia 11 (10.4) – – 8 (7.5)
8 (100) allopurinol

Urolithiasis 0 – – –

Gallbladder disease 0 – – –

Hair loss 16 (15.1) 15 ± 9.75 15 ± 20.19 3 (2.8)
3 (100) hair supplement
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onto the market, they still have some limitations, such as 
not inconsiderable cost, potential side effects and con-
traindications, which make them unsuitable for all peo-
ple with obesity [6]. In addition, dietary regimens are 
often characterized by limited efficacy in weight loss and 
poor adherence in the majority of patients [28]. Alterna-
tive dietary strategies have been introduced to achieve 
greater weight loss and adherence. VLCKD has been 
demonstrated to be a valid approach in people affected 
by obesity, since it promotes satiety, rapid weight loss, 
and muscle sparing [13].  Nevertheless, a major area of 
concern is the side effects of VLCKD. None of the studies 
carried out in subjects with obesity have been designed 
to specifically investigate the side effects.

In this prospective study we found the VLCKD is a safe 
and effective tool for weight loss and metabolic improve-
ment in subjects with obesity. Interestingly, no severe 
side effects occurred in our population. In addition, those 
that did occur were clinically mild and they did not result 
in the interruption of the dietary protocol as they could 

be easily managed by healthcare professionals or often 
resolved spontaneously. The supplementation with vita-
mins, such as complex B vitamins, vitamin C and E, min-
erals, including potassium, sodium, magnesium, calcium; 
and omega-3 fatty acids was adequate to prevent any 
deficiency. Furthermore, we found that WLP was similar 
in those who developed side effects and those who did 
not (Fig. 1). Thus, the onset of side effects does not have 
any impact on the efficacy and on the adherence to the 
VLCKD.

The most common side effects that were reported were 
lethargy (46.2%), halitosis (46.2%), headache (45.3%), dry 
mouth (43.5%), constipation (28%), hypotension (17.9%), 
dizziness (16%), vomiting/nausea (15.1%), hair loss 
(15.1%), diarrhoea (12.3%), hyperuricemia (10.4%) and 
visual disturbances (4.7%).

Ketone bodies, which are normally produced during 
the active phase of VLCKD, are excreted via frequent and 
increased urination. This can lead to dehydration and a 
loss of electrolytes [29]. In a RCT comparing the efficacy 
and tolerability of the non-fasting KD (N = 41) and the 
initial fasting KD (N = 83) in children with intractable 
epilepsy, moderate dehydration occurred in both groups 
[30]. Dehydration-related disorders are mostly repre-
sented by a dry mouth, headache, dizziness/orthostatic 
hypotension, lethargy, and visual disturbances [22]. Thus, 
it is mandatory to recommend a proper water intake (at 
least 2 L daily), in particular during the ketogenic state. 
Headache was common in our patients and generally 
occurred in the first week. In order to relieve headache, 
it could be recommended to take mild analgesics as pills 
instead of liquid formulations because they could con-
tain sugar that could interrupt ketogenic state. However, 
it should be notice that VLCKD-related headache was a 
short term. A considerable proportion (17.9%) of subjects 
also experienced hypotension thus carefully monitoring 
of blood pressure, increasing salt intake when there were 
no contraindications and the adjustment of antihyper-
tensive drugs in subjects with hypertension is advisable 
during VLCKD. Another possible effect of dehydration 
that we have found in our population is an increase in 
sodiemia. This is mostly due to dehydration, although the 
serum sodium levels did not reach pathological values 
and remained in the normal ranges.

Halitosis was very frequent in our subjects (46.2%). 
Individuals who underwent to a VLCKD often report 
bad breath with a fruity smell once they reach full keto-
sis. Indeed, in a study of 12 healthy adults who ate four 
ketogenic meals over 12  h, the increase in ketone lev-
els, and in particular the increase in acetone, acted as a 
predictor of ketosis [31]. Chewing sugar-free gum and/
or candy and specific oral spray or mouthwash has been 
used as a successful strategy to manage this discomfort.

Table 3 Clinical and laboratory differences between baseline 
and the end of ketogenic phase

Data are expressed as n or mean ± SD

BMI body mass index, WC waist circumference, HC hip circumference, WHR 
waist-to-hip-ratio, HOMA-IR homeostasis model of assessment-IR, Tot Chol total 
cholesterol, LDL-chol low-dense-lipoprotein cholesterol, HDL-chol high dense 
lipoprotein cholesterol, TG triglycerides, GFR glomerular filtration rate, AST 
aspartate aminotransferase, ALT alanine transaminase, GGT  gamma-glutamyl 
transferase

Parameters Baseline End of phase 1 p value

Weight (kg) 94.38 ± 17.34 87.29 ± 15.99  < 0.001

BMI (kg/m2) 34.98 ± 5.43 32.35 ± 5.02  < 0.001

WC (cm) 106.16 ± 14.20) 99.24 ± 13.57  < 0.001

HC (cm) 120.53 ± 10.81 115.91 ± 9.70  < 0.001

WHR 0.88 ± 0.08 0.86 ± 0.09  < 0.001

Blood Glucose (mg/dL) 88.04 ± 8.95 82.60 ± 10.08 0.072

Insulin (mg/dL) 17.35 ± 13.83 8.05 ± 5.48 0.286

HOMA—IR 3.80 ± 2.79 1.74 ± 1.29 0.332

Tot Chol (mg/dL) 170.20 ± 40.77 144.72 ± 30.61  < 0.001

LDL Chol (mg/dL) 101.95 ± 29.11 81.40 ± 29.91 0.142

HDL Chol (mg/dL) 52.24 ± 12.17 49.86 ± 13.11 0.018

TG (mg/dL) 88.95 ± 30.77 86.14 ± 20.57 0.235

GFR (mL/min) 94.13 ± 19.00 89.00 ± 20.83 0.123

Creatinine (mg/dL) 0.77 ± 0.11 0.82 ± 0.16  < 0.001

Azotemia (mg/dL) 30.44 ± 8.94 34.89 ± 10.60 0.001

Uricemia (mg/dL) 5.29 ± 1.45 6.23 ± 1.69 0.054

AST (U/L) 20.50 ± 6.60 20.92 ± 6.32 0.022

ALT (U/L) 23.43 ± 9.85 22.90 ± 12.15 0.001

GGT (U/L) 17.82 ± 6.48 14.72 ± 5.25 0.003

Calcemia (mg/dL) 9.70 ± 0.75 9.90 ± 0.61 0.056

Sodiemia (mmol/L) 140.34 ± 2.72 140.53 ± 2.22 0.001

Potassiaemia (mmol/L) 4.41 ± 0.30 4.43 ± 0.33 0.452
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Nausea/vomiting, diarrhea, and constipation are 
the most common gastrointestinal (GI) side effects of 
a VLCKD as we also found in our study [constipation 
(28%), vomiting/nausea (15.1%), diarrhoea (12.3%)] 
and as already have been reported in studies carried 
out in normal weight subjects [32–34]. In an RCT, 77 
healthy participants were randomized to receive a 
VLCKD, a low-carbohydrate diet or a low-carbohydrate 
diet containing 5%, 15% and 25% total energy from 
carbohydrates, respectively, for 3  weeks [32]. Statisti-
cally significant increase in diarrhoea and constipa-
tion severity was observed in the VLCKD group [32]. 
In a prospective study of 147 children with refractory 
epilepsy conducted to evaluate the efficacy and safety 
of 6  months KD treatment, the second most common 
side effect of dietary treatment was diarrhoea [34]. In 
another similar study of 12 adults with refractory epi-
lepsy treated with KD for 4  months, mild side effects 
included nausea/vomiting, constipation, and diarrhoea 
[33]. Diarrhea could be due to defective absorption 

and intolerance of fat [35]. The high content of lipids 
can slow gastric emptying, favoring gastroesophageal 
reflux disease, nausea, and vomiting [35]. For the man-
agement of these symptom, it is advisable the intake of 
small and frequent meals, sporadic use of GI medica-
tions such as antiemetics, GI tract regulators and ant-
acids. A decreased in water intake, fiber, and/or the 
volume of food can cause the onset to constipation 
[36]. If this was the case, it should be increased water 
and fiber intake and, in severe cases, the administration 
of low-calorie osmotic laxative is needed.

Some subjects developed hyperuricemia (10.4%) dur-
ing the ketogenic phase. However, the occurrence of 
this adverse event is in line with what has already been 
reported in a systematic review of 45 studies on the 
safety and tolerability of the KD used for the treatment 
of refractory childhood epilepsy, in which hyperurice-
mia was reported as one of the most frequent side effects 
[37]. Serum uric acid is known to increase in individu-
als following a KD [38, 39]. To counteract this side effect, 

Fig. 1 Differences in weight loss percentages from baseline to end of ketogenic phase
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increasing water intake and, where necessary, allopurinol 
therapy are recommended.

Hair loss has been reported by 15.1% of enrolled sub-
jects. Significantly negative nitrogen balance can be 
responsible for the hair loss that occurs during VLCKD 
[40]. If body protein and dietary protein mobilization are 
inadequate to meet the requirements, telogen effluvium 
is due to the low priority of hair growth of the available 
proteins [41]. However, hair loss is temporary, and hair 
regrows while weight stabilizes. Increased protein intake 
during VLCKD to balance nitrogen levels helps prevent 
or attenuate hair loss.

In addition, the relative protein excess typical of 
VLCKD has been of great concern among clinicians due 
to its potential for kidney damage. To investigate this 
safety outcome GFR was evaluated. GFR was not affected 
by dietary intervention and no differences were observed 
between baseline and end of ketogenic phase. Recent evi-
dence suggest that the impact of dietary protein on renal 
function may depend on the protein source, with red 
meat intake being detrimental in a dose-dependent man-
ner, and other protein sources such as poultry, fish, eggs 
and dairy products showing no such deleterious effect 
[42]. In addition, studies evaluating protein sources of 
plant origin (soy and plant derivatives) appear to show 
that these may even play a protective role on kidney 
[43, 44]. The early stages of VLCKD are based on meal 
replacements; the protein source of meals is whey and 
vegetable origin, and—when in the later stages the rein-
troduction of other protein sources takes place—patients 
are recommended to favour fish and poultry. The protein 
intake is never more than 1.5 g/kg/ideal body weight. It 
therefore seems reasonable to assume that such a dietary 
intervention is unlikely to have deleterious effects on 
kidney in individuals with obesity during the ketogenic 
phase.

The effect of the KD on lipid profile and cardiovascu-
lar risk is still debated due to concerns that the frequent 
increase in animal fat intake may counteract the benefi-
cial effects of weight loss. Regarding the lipid profile, we 
found out that total cholesterol and HDL significantly 
decreased from baseline to the end of ketogenic phase. 
An important element in increasing HDL levels is physi-
cal exercise [45], and the reduction in HDL concentration 
we observed in our subjects is therefore probably due to 
the recommendation to reduce it in the ketogenic phase 
as it is characterized by a strong hypocaloric condition. 
However, a subsequent re-establishment in HDL levels 
can be expected in the reintroduction phase as reported 
in other previous studies [46, 47]. No significant changes 
were observed in mean LDL and mean TG levels, prob-
ably due to the prolonged ingestion of high lipid intake. 

In this regard, a systematic review of 107 studies found 
no adverse effects on serum lipid parameters, blood pres-
sure, or fasting blood glucose in adults who followed a 
diet containing less than 60  g/day of carbohydrate [48], 
although the analysis was complicated by heterogeneity 
and lack of studies, particularly those that evaluated diet 
use for > 90 days. A 56-week study of a KD in men with 
obesity (N = 66) who lost 26% of their body weight found 
significant reductions in total cholesterol, LDL, and TG 
and increases in HDL [49]. The positive changes were 
greater in subjects with hyperlipidemia at baseline [49]. 
Even in studies of normal-weight subjects (N = 20) with 
minimal weight loss, slight to moderate increases in total 
cholesterol and LDL levels were seen in the KD groups 
[18]. These changes occurred as early as 3  weeks and 
appeared to return to baseline after 6  weeks in at least 
one study [18].

KD is also an effective tool for improving glycae-
mic control variables [50, 51]. In a study of 64 subjects 
with obesity and high blood glucose levels on a KD for 
56  weeks, glucose levels showed significant improve-
ment at the end of treatment [51]. Another study of 363 
subjects with overweight or obesity investigated the 
beneficial effects of the low-carbohydrate ketogenic diet 
(LCKD) compared with the low-calorie diet in improving 
glycemic parameters [50]. Both treatments were associ-
ated with a reduction in blood glucose and glycated hae-
moglobin but changes were more significant in subjects 
who were on the LCKD [50]. Likewise, in our subjects, 
fasting plasma glucose, insulin and HOMA-IR shows an 
improving trend despite not reaching statistically sig-
nificant levels. This is probably due to the drastic reduc-
tion in carbohydrates of ketogenic phase, which in turn 
reduces insulin concentrations and encourages the use of 
stored fat as fuel, as well as significantly reducing insulin 
resistance [52].

Finally, there were no differences in WLP between sub-
jects who developed side effects and those who did not. 
Thus, the occurrence of side effects did not affect efficacy 
or compliance with VLCKD probably because they were 
very mild and easily managed. To our knowledge, there 
are no other studies in the literature that have evaluated 
the impact that VLCKD side effects might have on the 
efficacy of dietary treatment.

Conclusions
VLCKD appears to be an ideal therapeutic tool for peo-
ple with obesity, particularly those who have already tried 
other nutritional strategies without success and/or who 
have a rapid need to lose weight (people with obesity with 
joint diseases, people with obesity with indications for bari-
atric surgery, people with obesity with cardiovascular risk 
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factors, etc.). In spite of common misgivings, side effects 
are mild and preventable thanks to the indications and con-
traindications provided for VLCKD, by following organ-
ised and standardised protocols, and by careful clinical and 
laboratory monitoring. For this reason, supervision by a 
healthcare professional is indispensable. Finally, once the 
goal has been achieved, it is extremely important to rec-
ommend an adequate lifestyle (physical activity and a bal-
anced diet such as the Mediterranean diet) for maintaining 
weight loss in the long term.

Abbreviations
T2DM: Type 2 diabetes mellitus; VLCKD: Very low-calorie ketogenic diet; 
WC: Waist circumference; HbA1c: Glycosilated haemoglobin A1C; HOMA-IR: 
Homeostasis model of assessment-IR; LDL: Low density lipoproteins; HDL: 
High density lipoproteins; TG: Triglycerides; KD: Ketogenic diet; BMI: Body mass 
index; WLP: Weight loss percentage; WHR: Waist to hip ratio; GFR: Glomerular 
filtration rate; GI: Gastrointestinal; LCKD: Low-carbohydrate ketogenic diet.

Acknowledgements
Funding was not provided for this study, however all patients used for 
preparations containing high biological value proteins from New Penta Srl 
(Castelletto Stura, CN, Italy) who we would like to acknowledge.

Authors’ contributions
LB and GM designed the research. LV, SA and FM provided data collection 
and the clinical samples. CV provided data analysis support. LV and LB wrote 
the manuscript and GM, SS and AC revised the paper. All authors read and 
approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study has been approved by the Local Ethical Committee (n. 50/20) 
and carried out in accordance with the Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experiments that involved humans. 
The aim of the study was clearly explained to all the study participants and a 
written informed consent was obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Dipartimento di Scienze Umanistiche, Università Telematica Pegaso, 
80143 Napoli, Italy. 2 Department of Clinical Medicine and Surgery, Endocri-
nology Unit, University Federico II, Via Sergio Pansini 5, 80131 Naples, Italy. 
3 Centro Italiano per la cura e il Benessere del Paziente con Obesità (C.I.B.O), 
Department of Clinical Medicine and Surgery, Endocrinology Unit, Federico II 
University Medical School of Naples, Naples, Italy. 4 Cattedra Unesco “Educazi-
one alla salute e allo sviluppo sostenibile”, Federico II, Naples, Italy. 

Received: 28 October 2021   Accepted: 27 December 2021

References
 1. WHO. Obesity and overweight. 2021. https:// www. who. int/ news- room/ 

fact- sheets/ detail/ obesi ty- and- overw eight. Accessed 10 Sep 2021.
 2. De Lorenzo A, Gratteri S, Gualtieri P, Cammarano A, Bertucci P, Di Renzo L. 

Why primary obesity is a disease? J Transl Med. 2019;17(1):169.
 3. Jastreboff AM, Kotz CM, Kahan S, Kelly AS, Heymsfield SB. Obesity as a dis-

ease: the obesity society 2018 position statement. Obesity (Silver Spring). 
2019;27(1):7–9.

 4. Howell S, Kones R. “Calories in, calories out” and macronutrient intake: 
the hope, hype, and science of calories. Am J Physiol Endocrinol Metab. 
2017;313(5):E608–12.

 5. Brehm BJ, Seeley RJ, Daniels SR, D’Alessio DA. A randomized trial compar-
ing a very low carbohydrate diet and a calorie-restricted low fat diet on 
body weight and cardiovascular risk factors in healthy women. J Clin 
Endocrinol Metab. 2003;88(4):1617–23.

 6. Patel DK, Stanford FC. Safety and tolerability of new-generation anti-obe-
sity medications: a narrative review. Postgrad Med. 2018;130(2):173–82.

 7. Hanipah ZN, Schauer PR. Bariatric surgery as a long-term treatment for 
type 2 diabetes/metabolic syndrome. Annu Rev Med. 2020;71:1–15.

 8. Pories WJ. Bariatric surgery: risks and rewards. J Clin Endocrinol Metab. 
2008;93(11 Suppl 1):S89-96.

 9. Luat AF, Coyle L, Kamat D. The ketogenic diet: a practical guide for pedia-
tricians. Pediatr Ann. 2016;45(12):e446–50.

 10. Merra G, Gratteri S, De Lorenzo A, Barrucco S, Perrone MA, Avolio E, et al. 
Effects of very-low-calorie diet on body composition, metabolic state, 
and genes expression: a randomized double-blind placebo-controlled 
trial. Eur Rev Med Pharmacol Sci. 2017;21(2):329–45.

 11. Barrea L, Megna M, Cacciapuoti S, Frias-Toral E, Fabbrocini G, Savastano 
S, et al. Very low-calorie ketogenic diet (VLCKD) in patients with psoriasis 
and obesity: an update for dermatologists and nutritionists. Crit Rev Food 
Sci Nutr. 2020;9:1–17.

 12. Barrea L, Caprio M, Tuccinardi D, Moriconi E, Di Renzo L, Muscogiuri G, 
et al. Could ketogenic diet “starve” cancer? Emerging evidence. Crit Rev 
Food Sci Nutr. 2020;9:1–22.

 13. Muscogiuri G, El Ghoch M, Colao A, Hassapidou M, Yumuk V, Busetto L, 
et al. European guidelines for obesity management in adults with a very 
low-calorie ketogenic diet: a systematic review and meta-analysis. Obes 
Facts. 2021;14(2):222–45.

 14. Krebs HA. The regulation of the release of ketone bodies by the liver. Adv 
Enzyme Regul. 1966;4:339–54.

 15. Kossoff EH, Zupec-Kania BA, Rho JM. Ketogenic diets: an update for child 
neurologists. J Child Neurol. 2009;24(8):979–88.

 16. Bueno NB, de Melo IS, de Oliveira SL, da Rocha AT. Very-low-carbohydrate 
ketogenic diet v. low-fat diet for long-term weight loss: a meta-analysis of 
randomised controlled trials. Br J Nutr. 2013;110(7):1178–87.

 17. Al-Khalifa A, Mathew TC, Al-Zaid NS, Mathew E, Dashti HM. Thera-
peutic role of low-carbohydrate ketogenic diet in diabetes. Nutrition. 
2009;25(11–12):1177–85.

 18. Sharman MJ, Kraemer WJ, Love DM, Avery NG, Gomez AL, Scheett TP, et al. 
A ketogenic diet favorably affects serum biomarkers for cardiovascular 
disease in normal-weight men. J Nutr. 2002;132(7):1879–85.

 19. Boulter PR, Hoffman RS, Arky RA. Pattern of sodium excretion accompa-
nying starvation. Metabolism. 1973;22(5):675–83.

 20. Saudek CD, Boulter PR, Arky RA. The natriuretic effect of glucagon and its 
role in starvation. J Clin Endocrinol Metab. 1973;36(4):761–5.

 21. Paoli A, Bosco G, Camporesi EM, Mangar D. Ketosis, ketogenic diet and 
food intake control: a complex relationship. Front Psychol. 2015;6:27.

 22. Muscogiuri G, Barrea L, Laudisio D, Pugliese G, Salzano C, Savastano S, 
et al. The management of very low-calorie ketogenic diet in obesity 
outpatient clinic: a practical guide. J Transl Med. 2019;17(1):356.

 23. Paoli A, Rubini A, Volek JS, Grimaldi KA. Beyond weight loss: a review of 
the therapeutic uses of very-low-carbohydrate (ketogenic) diets. Eur J 
Clin Nutr. 2013;67(8):789–96.

 24. Atkinson RL. Low and very low calorie diets. Med Clin North Am. 
1989;73(1):203–15.

 25. Shashaj B, Luciano R, Contoli B, Morino GS, Spreghini MR, Rustico C, et al. 
Reference ranges of HOMA-IR in normal-weight and obese young Cauca-
sians. Acta Diabetol. 2016;53(2):251–60.

 26. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, et al. Modified glomerular filtra-
tion rate estimating equation for Chinese patients with chronic kidney 
disease. J Am Soc Nephrol. 2006;17(10):2937–44.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


Page 10 of 10Barrea et al. Journal of Translational Medicine           (2022) 20:23 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 27. Masood W, Annamaraju P, Uppaluri KR. Ketogenic Diet. Treasure Island: 
StatPearls; 2021.

 28. Yannakoulia M, Poulimeneas D, Mamalaki E, Anastasiou CA. Dietary 
modifications for weight loss and weight loss maintenance. Metabolism. 
2019;92:153–62.

 29. Kang HC, Chung DE, Kim DW, Kim HD. Early- and late-onset com-
plications of the ketogenic diet for intractable epilepsy. Epilepsia. 
2004;45(9):1116–23.

 30. Kim DW, Kang HC, Park JC, Kim HD. Benefits of the nonfasting ketogenic 
diet compared with the initial fasting ketogenic diet. Pediatrics. 
2004;114(6):1627–30.

 31. Musa-Veloso K, Likhodii SS, Cunnane SC. Breath acetone is a reliable 
indicator of ketosis in adults consuming ketogenic meals. Am J Clin Nutr. 
2002;76(1):65–70.

 32. Harvey C, Schofield GM, Zinn C, Thornley S. Effects of differing levels of 
carbohydrate restriction on mood achievement of nutritional ketosis, and 
symptoms of carbohydrate withdrawal in healthy adults: a randomized 
clinical trial. Nutrition. 2019;67:100005.

 33. Klein P, Janousek J, Barber A, Weissberger R. Ketogenic diet treatment in 
adults with refractory epilepsy. Epilepsy Behav. 2010;19(4):575–9.

 34. Li H, Ouyang M, Zhang P, Fei L, Hu X. The efficacy and safety of a 
ketogenic diet for children with refractory epilepsy in China: a retrospec-
tive single-center cohort study. Transl Pediatr. 2020;9(4):561–6.

 35. Zhang M, Yang XJ. Effects of a high fat diet on intestinal microbiota and 
gastrointestinal diseases. World J Gastroenterol. 2016;22(40):8905–9.

 36. Bharucha AE. Constipation. Best Pract Res Clin Gastroenterol. 
2007;21(4):709–31.

 37. Cai QY, Zhou ZJ, Luo R, Gan J, Li SP, Mu DZ, et al. Safety and tolerability 
of the ketogenic diet used for the treatment of refractory childhood 
epilepsy: a systematic review of published prospective studies. World J 
Pediatr. 2017;13(6):528–36.

 38. Castaldo G, Palmieri V, Galdo G, Castaldo L, Molettieri P, Vitale A, et al. 
Aggressive nutritional strategy in morbid obesity in clinical practice: 
Safety, feasibility, and effects on metabolic and haemodynamic risk fac-
tors. Obes Res Clin Pract. 2016;10(2):169–77.

 39. Schwartz RM, Boyes S, Aynsley-Green A. Metabolic effects of three 
ketogenic diets in the treatment of severe epilepsy. Dev Med Child 
Neurol. 1989;31(2):152–60.

 40. Sherwin RS. The effect of ketone bodies and dietary carbohydrate intake 
on protein metabolism. Acta Chir Scand Suppl. 1981;507:30–40.

 41. Blackburn GL, Bistrian BR, Hoag C. Letter: hair loss with rapid weight loss. 
JAMA. 1976;236(3):252.

 42. Lew QJ, Jafar TH, Koh HW, Jin A, Chow KY, Yuan JM, et al. Red Meat intake 
and risk of ESRD. J Am Soc Nephrol. 2017;28(1):304–12.

 43. Azadbakht L, Shakerhosseini R, Atabak S, Jamshidian M, Mehrabi Y, 
Esmaill-Zadeh A. Beneficiary effect of dietary soy protein on lowering 
plasma levels of lipid and improving kidney function in type II diabetes 
with nephropathy. Eur J Clin Nutr. 2003;57(10):1292–4.

 44. Jibani MM, Bloodworth LL, Foden E, Griffiths KD, Galpin OP. Predomi-
nantly vegetarian diet in patients with incipient and early clinical diabetic 
nephropathy: effects on albumin excretion rate and nutritional status. 
Diabet Med. 1991;8(10):949–53.

 45. Palazon-Bru A, Hernandez-Lozano D, Gil-Guillen VF. Which physical 
exercise interventions increase HDL-cholesterol levels? A systematic 
review of meta-analyses of randomized controlled trials. Sports Med. 
2021;51(2):243–53.

 46. Castellana M, Conte E, Cignarelli A, Perrini S, Giustina A, Giovanella L, et al. 
Efficacy and safety of very low calorie ketogenic diet (VLCKD) in patients 
with overweight and obesity: a systematic review and meta-analysis. Rev 
Endocr Metab Disord. 2020;21(1):5–16.

 47. Yuan X, Wang J, Yang S, Gao M, Cao L, Li X, et al. Effect of the ketogenic 
diet on glycemic control, insulin resistance, and lipid metabolism in 
patients with T2DM: a systematic review and meta-analysis. Nutr Diabe-
tes. 2020;10(1):38.

 48. Bravata DM, Sanders L, Huang J, Krumholz HM, Olkin I, Gardner CD, et al. 
Efficacy and safety of low-carbohydrate diets: a systematic review. JAMA. 
2003;289(14):1837–50.

 49. Dashti HM, Al-Zaid NS, Mathew TC, Al-Mousawi M, Talib H, Asfar SK, et al. 
Long term effects of ketogenic diet in obese subjects with high choles-
terol level. Mol Cell Biochem. 2006;286(1–2):1–9.

 50. Hussain TA, Mathew TC, Dashti AA, Asfar S, Al-Zaid N, Dashti HM. Effect of 
low-calorie versus low-carbohydrate ketogenic diet in type 2 diabetes. 
Nutrition. 2012;28(10):1016–21.

 51. Michalczyk MM, Klonek G, Maszczyk A, Zajac A. The effects of a low 
calorie ketogenic diet on glycaemic control variables in hyperinsulinemic 
overweight/obese females. Nutrients. 2020;12:6.

 52. Boden G, Sargrad K, Homko C, Mozzoli M, Stein TP. Effect of a low-carbo-
hydrate diet on appetite, blood glucose levels, and insulin resistance in 
obese patients with type 2 diabetes. Ann Intern Med. 2005;142(6):403–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



Vetrani et al. Journal of Translational Medicine           (2023) 21:29  
https://doi.org/10.1186/s12967-023-03880-7

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Journal of 
Translational Medicine

Supplementation with medium-chain fatty 
acids increases body weight loss during very 
low-calorie ketogenic diet: a retrospective 
analysis in a real-life setting
Claudia Vetrani1,2†, Ludovica Verde2,3†, Silvia Savastano2,3, Annamaria Colao2,3,4, Giovanna Muscogiuri2,3,4* and 
Luigi Barrea1,2 

Abstract 

Background Very low-calorie ketogenic diet (VLCKD) has shown to significantly reduce body weight and fat mass, 
as well as inflammation. These effects are supported by nutritional ketosis, which triggers the utilization of the ketone 
body as an energy source. Medium-chain fatty acids (MCTs) might serve as potential enhancers of ketone bodies 
production with a greater effect on weight loss. Nevertheless, no clinical studies have evaluated the effect of MCTs 
supplementation in addition to VLCKD. Therefore, the present study aimed to evaluate whether the supplementation 
with MCTs can induce a greater weight reduction during the ketogenic phase of VLCKD.

Methods In this retrospective study, 263 women with overweight/obesity (body mass index, BMI: 35.7 ± 5.3 kg/m2) 
aged 37.5 ± 14.2 years followed one of these dietary protocols for 45 days: (a) Control group, 83 participants (31.6%) 
(VLCKD without MCTs), (b) VLCKD + MCTs group, 86 participants (32.7%) (MCTs supplementation − 20 g/day- during 
VLCKD starting from the first day of the active phase), (c) VLCKD + earlyMCTs, 94 participants (35.7%) (MCTs supple-
mentation − 20 g/day-starting from 5 days before the beginning of the VLCKD active phase. Anthropometric meas-
ures, body composition, and c-reactive protein (CRP) concentrations were collected at the beginning and at the end 
(45 days) of the VLCKD intervention.

Results MCTs supplementation significantly decreased body weight, BMI, and waist circumference as compared 
to the control group, with a greater effect in the VLCKD + earlyMCTs group. A two-fold decrease in fat mass and 
an increase in muscle mass were observed in the VLCKD + earlyMCTs group as compared to the control group. 
As for inflammation, hs-CRP concentrations (assessed as absolute percent change) were significantly lower in the 
VLCKD + MCTs group (p = 0.009) and the VLCKD + earlyMCTs group (p = 0.011) than in the control group. A logistic 
regression model showed that VLCKD + earlyMCTs increase the likelihood of improvement of BMI classes (OR: 1.85, 
95% CI 1.02–3.36) also after adjusting for the potential confounding factors.
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Conclusion MCTs supplementation (20 g/day) may be a useful tool to enhance the beneficial effect of VLCKD on the 
reduction of body weight and fat mass. In particular, MCTs supplementation before the beginning of the VLCKD active 
phase might facilitate ketosis thus contributing to the effectiveness of the nutritional intervention.

Keywords Obesity, Nutritional ketosis, VLCKD, Ketogenic diet, Ketone bodies, Medium-chain fatty acids (MCTs), 
Inflammation, Diet

Introduction
Obesity is recognized as a chronic disease that associ-
ates with several comorbidities, such as type 2 diabetes 
mellitus (T2D), hypertension, dyslipidemia, cardiovascu-
lar diseases (mainly coronary heart disease and stroke), 
sleep disturbance, and some cancers [1–4]. These comor-
bidities—also known as non-communicable diseases 
(NCDs)—reduce the quality of life and life span and 
increase public health costs [3, 5].

Although several strategies have been developed to 
obtain weight loss, the trend of obesity is dramatically 
increasing, particularly among young adults and middle-
income countries [6, 7].

In addition to lifestyle factors such as physical inactiv-
ity, smoking, and alcohol intake, also diet has been estab-
lished as a highly modifiable risk factor for obesity and 
NCDs [8].

Among dietary approaches, very low-calorie ketogenic 
diet (VLCKD) has been appointed as one of the most 
effective interventions for body weight loss [9, 10]. In 
addition, it has shown to reduce inflammation and insu-
lin resistance which represent two main triggers for the 
onset of NCDs [11].

VLCKD consists in a multistep protocol with three 
main stages: active phase, dietary re-education, and 
maintenance [12]. The active stage is the most impor-
tant stage of VLCKD since it allows the achievement of 
80% of the target weight loss, with a duration ranging 
30–45 days depending on the individual response. Rapid 
weight loss is obtained through a great energy restriction 
(600–800  kcal/day) and a sharply sustained nutritional 
ketosis [12].

Nutritional ketosis occurs when carbohydrate intake 
is < 50  g/day and, because of carbohydrate restriction, 
it enhances the oxidation of the fatty acids in the adi-
pose tissue for energy purposes [13, 14]. Indeed, acetyl-
CoA is the precursor of ketone bodies (acetoacetate, 
β-hydroxybutyrate, and acetone) which are used as an 
alternative fuel in various tissues.

Interestingly, only fatty acids with carbon chain 
lengths ≤ 8 can cross the inner membrane of the mito-
chondria independent of carnitine palmitoyl trans-
ferase I [15]. In this contest, fatty acids C8 (caprylic 
acid) might have a stronger ketogenic effect compared 
to C10 (capric acid) and C12 (lauric acid) [16]. Clinical 

evidence demonstrated that 20 g of C8 produces a signifi-
cantly stronger ketogenic response than 10 g of C8 [15]. 
However, Norgren and colleagues [17] reported that to 
minimize potential side effects, the dose of C8 should 
be limited to 15–20  g per intake. Triglycerides contain-
ing medium-chain fatty acids (MCTs) consist in fatty 
acids with a carbon backbone with 6–12 carbon atoms 
linked to glycerol [18, 19]. After ingestion with the diet, 
MCTs are digested by intestinal lipases and absorbed in 
the gut as triglycerides containing long-chain fatty acids 
(LCTs, > 12 carbon atoms) [19]. Unlike LCTs, the fatty 
acids contained in MCTs can bind albumin and skip the 
formation of chylomicrons. Therefore, MCTs skip the 
hydrolysis by plasma lipoprotein-lipase and the conse-
quent deposition in adipose tissue [20]. Then, MCTs 
directly reach the liver where they can be metabolized 
more quickly by mitochondrial β-oxidation [21]. How-
ever, unlike LCTs, MCTs do not require carnitine-medi-
ated transport to enter the mitochondria. Moreover, 
MCTs, especially C8 and C10, can also be oxidized in 
peroxisomes, thus representing a more available source 
of energy than LCTs [21]. Several studies showed that 
MCTs supplementation increases β-hydroxybutyrate 
concentrations with a dose-dependent relationship [13, 
22–24]. Consequently, MCTs might endorse “nutritional 
ketosis” during ketogenic diets [24].

Over a faster metabolism and less deposition in adi-
pocytes, MCTs can significantly influence energy bal-
ance, favouring body weight loss independently of dietary 
energy intake [25, 26].

The mechanisms behind this effect are not completely 
understood possibly due to the high heterogeneity of 
studies available so far. Some studies have shown that 
MCTs might increase thermogenesis and, consequently, 
affect energy expenditure. Furthermore, the replace-
ment of LCTs with MCTs was associated with a greater 
reduction of adipose tissue in animal models as well as 
in humans [27, 28]. This effect could be mediated by the 
specific action of MCTs on a G-protein coupled recep-
tor (GPR84) in the adipose tissue [27]. In addition, MCTs 
might increase satiety feelings thus limiting food intake 
while favouring body weight control [28–31]. Indeed, 
hyperketonaemia can enhance the anorexigenic effect at 
the hypothalamic level [29, 30]. Furthermore, some stud-
ies suggested that MCTs can modulate the secretion of 
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some gastrointestinal hormones involved in hunger/sati-
ety feelings (ghrelin and YY peptide, respectively) [29, 
31].

To date, it is unclear whether the use of MCTs might 
increase the acute ketogenic response. Nevertheless, 
a 30  day clinical trial reported that the consumption 
of caprylic acid (C8; 6  g twice a day) increased plasma 
β-hydroxybutyrate concentration from ~ 0.1  mmol/L 
to ~ 0.2 mmol/L [32].

To the best of our knowledge, no previous studies 
investigated the potential effects of MCTs supplemen-
tation during VLCKD for a greater reduction of body 
weight and fat mass in individuals with overweight and 
obesity.

Against this background, the present study aimed to 
evaluate whether the supplementation with MCTs can 
induce a greater weight reduction during the ketogenic 
phase of VLCKD. For this purpose, we retrospectively 
investigated the effect of MCTs supplementation in addi-
tion to diet vs diet alone in a group of individuals with 
overweight/obesity undergoing a VLCKD. Over the 
effect on weight loss, we evaluated whether the asso-
ciation between VLCKD and MCTs supplementation 
may also affect inflammatory status as demonstrated for 
VLCKD alone.

Methods
Study design and setting
This study was conducted in compliance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement checklist [33]. Data 
from consecutive participants undergoing a VLCKD 
protocol for weight loss at Centro Italiano per la cura e 
il Benessere del paziente con Obesità (C.I.B.O.) of the 
Federico II University Hospital (Naples, Italy) were ret-
rospectively collected between September 2021 and Sep-
tember 2022. All participants provided written consent 
after being informed about the study design. The study 
has been approved by the Local Ethical Committee (n. 
50/20). The present analyses included a total of two time 
points: at baseline and during the VLCKD active stage 
after 45 days with the collection of anthropometric meas-
ures and body composition.

Participants
We included 263 healthy participants as individuals with 
diseases, such as T2D, might have different metabolic 
responses [16]. Individuals eligible for this study pre-
sented the following features: women aged 18–69 years, 
body mass index (BMI) 25.0–50.9 kg/m2 at the beginning 
of the nutritional treatments. We excluded individuals 
presenting one or more of the following characteristics: 
(a) new onset physiological or pathological conditions 

that represent contraindications for VLCKD (i.e., preg-
nancy/breastfeeding, individuals with diabetes on insulin 
therapy, liver or kidney insufficiency, etc.) [10], (b) poor 
adherence to the dietary intervention (negative test for 
ketonuria or food behaviours not included in the die-
tary program referred by the participant); (c) individuals 
needing treatment with anti-obesity drugs or referred to 
bariatric surgery; (d) use of drugs, supplements or nutra-
ceuticals that affect energy expenditure or weight loss 
during the intervention.

Nutritional intervention
Participants included in the present study underwent 
a VLCKD with the use of replacement meals (New 
Penta, Cuneo, Italy) following a 3-stages protocol (active 
phase, re-education, and maintenance) [12]. After the 
nutritional status assessment, the dietary plan was pre-
scribed by the endocrinologist and planned by a skilled 
nutritionist. The VLCKD provided a total daily energy 
intake < 800  kcal, with 13% carbohydrates (< 30  g/day); 
43% protein (1.2–1.5 g/kg ideal body weight); 44% lipids 
(mainly from extra-virgin olive oil). According to the 
international recommendations, participants were pre-
scribed a multi-vitamin and saline supplement (com-
plex B vitamins, vitamins C and E, potassium, sodium, 
magnesium, calcium, and omega-3 fatty acids; PentaCal, 
Penta, s.r.l., Cuneo, Italy), as reported in previous stud-
ies [34–36]. In all participants, physical activity (at least 
30  min/day aerobic exercise) was assessed using a YES/
NO response, as reported in previous studies [37–39].

Participants followed one of these dietary proto-
cols: (a) Control group, VLCKD without MCTs; b) 
VLCKD + MCTs group, MCTs supplementation (20  g/
day) during VLCKD starting from the first day of the 
active phase; c) VLCKD + earlyMCTs, MCTs supplemen-
tation (20  g/day) starting from 5  days before the begin-
ning of the VLCKD active phase.

To reduce potential confounding factors related to the 
oil composition, all participants in the VLCKD + MCTs 
and VLCKD + earlyMCTs groups used only 100% MCT 
oil (Kanso MCToil 100%, for composition details, see: 
https: //www. kanso. com/ en/p/ oil- mct- 100). MCTs sup-
plementation (20 g/day) provided 163.8 kcal and 18.2 g of 
fat.

To improve compliance with the recommendations for 
diet and physical activity, participants were contacted by 
phone calls by a skilled nutritionist each week. Moreo-
ver, the participants were advised to measure blood 
β-hydroxybutyrate by test strips (Optium Xceed Blood 
Glucose and Ketone Monitoring System; Abbott Labora-
tories, Chicago, IL, USA) at fasting in the morning and to 
notify the results to the nutritionist.

http://www.kanso.com/en/p/oil-mct-100
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Assessment of anthropometric measures and body 
composition
Anthropometric measures were collected by a sin-
gle skilled nutritionist at each visit between 8 a.m. and 
10 a.m. Weight, height, and waist circumference were 
detected in participants wearing light clothing and no 
shoes, after an overnight fast, according to standard pro-
cedures [40, 41]. Weight and height were used to calcu-
late BMI (kg/m2) [42]. BMI was classified according to 
the WHO criteria [43]: normal weight (18.5–24.9  kg/
m2); Overweight (25.0–29.9  kg/m2); Obesity class I 
(30.0–34.9  kg/m2); Obesity class II (35.0–39.9  kg/m2); 
Obesity class III (≥ 40.0 kg/m2). All measurements were 
taken while the subject was standing upright with the feet 
together and the arms hanging closely by the sides, with 
the subject standing and breathing normally, as previ-
ously reported [36–38].

Body composition was evaluated by bioelectrical 
impedance analysis (BIA). BIA was performed by a 
phase-sensitive BIA system (an 800 A current with a fre-
quency of 50 kHz BIA 101 RJL, Akern Bioresearch, Flor-
ence, Italy) [44, 45] with BIATRODES electrodes (Akern 
Srl; Florence, Italy), according to the standard procedures 
of the European Society of Parenteral and Enteral Nutri-
tion (ESPEN) [46]. All measurements were performed 
under strictly standardized conditions by the same certi-
fied skilled nutritionist and with the same device to avoid 
inter-observer and inter-device variability as reported in 
previous studies [36, 47, 48]. Briefly, the device was rou-
tinely checked with resistors and capacitors of known val-
ues. Reliability for intraday and interday measurements 
by the same observer was < 2% for resistance (R), < 2.5% 
for reactance (Xc), and < 3.3% for R, < 2.8% for Xc, respec-
tively. The coefficients of variation (CVs) of repeated 
measurements of R and Xc at 50  kHz were determined 
in 10 females by the same observer: CVs were 1.4% for R 
and 1.3% for Xc.

Assessment of C‑reactive protein concentrations
In a subgroup of participants (n = 207), information on 
c-reactive protein (CRP) was retrieved from electronic 
medical records. During each visit, fasting blood sam-
ples were collected in the morning (8.00–10.00 a.m.), and 
stored at − 80 °C until processing. Serum high-sensitivity 
(hs) CRP concentrations were analyzed by  CardioPhase® 
(Siemens Healthcare Diagnostics, Marburg, Germany), 
based on particle-enhanced immunonephelometry. The 
CV of intra-and interassay was < 7%.

Statistical analyses
The data distribution was evaluated by Kolmogorov-
Smirnov test and variables not normally distributed 
were normalized by logarithmic transformation. Skewed 

variables (waist circumference, R, and muscle mass) were 
back transformed for presentation in tables and figures. 
Continuous variables were expressed as mean ± stand-
ard deviation (SD) whereas categorical variables were 
reported as numbers and percentages (%). The effect 
of MCTs supplementation was evaluated as absolute 
changes (45  days minus baseline). Differences between 
groups were analyzed by analysis of variance (one-way 
ANOVA) and post hoc analyses for multiple comparisons 
(Bonferroni). Differences between categorical variables 
were assessed by χ2 (chi-square) test. A logistic regression 
model was used to estimation of the likelihood of BMI 
changes of WHO classes with MCTs supplementation. 
BMI improvement was investigated as a dichotomous 
variable (yes/no) and no MCTs supplementation was des-
ignated as reference for ease of comparability. Estimates 
of the logistic regression coefficients were reported as 
odds ratios (OR). The analysis was conducted in six steps: 
Model 1 not adjusted; Model 2 adjusted for age; Model 
3 adjusted for age and body weight at baseline; Model 4: 
adjusted for age, body weight at baseline, and percentage 
of fat mass at baseline. A p value < 0.05 was considered 
significant. Statistical analysis was performed accord-
ing to standard methods using the Statistical Package for 
Social Sciences software 26.0 (SPSS/PC; SPSS, Chicago, 
IL, USA).

Results
A total of 263 participants were included in the analy-
ses, with 83 participants (31.6%) in the control group 
(VLCKD alone without any integration with MCTs), 
while 86 participants (32.7%) in the VLCKD + MCTs 
group, and 94 participants (35.7%) in the VLCKD + ear-
lyMCTs group. All individuals of the three groups were 
evaluated at baseline and at the 45th day (the end of the 
active phase of VLCKD). At baseline, the three groups 
did not differ for demographic and anthropometric fea-
tures, as well as for body composition (Table 1). Abso-
lute changes after the intervention were reported in 
Table 2. MCTs supplementation significantly decreased 
body weight, BMI, and waist circumference as com-
pared to the control group, with a greater effect in the 
VLCKD + earlyMCTs group (p < 0.001). MCTs sup-
plementation significantly also affected body com-
position (Table  2). A two-fold decrease in fat mass 
and an increase of muscle mass were observed in the 
VLCKD + earlyMCTs group as compared to the con-
trol group (p < 0.001). Fat mass and muscle mass were 
also different when comparing the two groups with 
MCTs supplementation. Of interest, from baseline, no 
participant in the three groups changed their physical 
activity levels during the 45 days of VLCKD (χ2 = 4.22, 
p = 0.121). All dietary interventions significantly 
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decreased the prevalence of higher BMI classes (obe-
sity class III and obesity class III) from baseline to 
45  days of VLCKD active phase while lower BMI 
classes increased (obesity class I, overweight, and nor-
mal weight) (Table  2). Although no significant differ-
ence was observed (p = 0.623), VLCKD + earlyMCTs 
induced a threefold increase of normal weight partici-
pants (n = 6, 6.4%) than the other two dietary interven-
tions (2 participants for both groups) (Table 2).

Inflammatory status was assessed in a subgroup of 207 
subjects, being 62 participants in the control group, 67 
participants in the VLCKD + MCTs group, and 78 par-
ticipants in the VLCKD + early MCTs group. Hs-CRP 
concentrations did not differ among the three groups at 
baseline (control group: 3.1 ± 2.9 mg/L, VLCKD + MCTs: 
2.9 ± 2.6  mg/L, VLCKD + earlyMCTs: 3.7 ± 3.5  mg/L; 
p = 0.279) as well as at 45  days of VLCKD active phase 
(control group: 1.8 ± 2.3  mg/L, VLCKD + MCTs: 

Table 1 Demographic and anthropometric characteristics, and body composition in the three groups at baseline

Data are expressed as mean ± SD or n (%). One-way ANOVA and post hoc test for multiple comparisons (Bonferroni) and χ2 (chi-square) test

VLCKD Very low-calorie ketogenic diet, MCTs Medium chain fatty acids, BMI body mass index, R resistance, Xc reactance, FM fat mass

Parameters Control group (n = 83, 
31.6%)

VLCKD + MCTs (n = 86, 
32.7%)

VLCKD + earlyMCTs (n = 94, 
35.7%)

p for ANOVA

Age (years) 40.1 ± 15.2 36.8 ± 14.1 35.9 ± 13.1 0.130

Physical activity (yes) 32 (38.6%) 21 (22.3%) 33 (38.4%) χ2 = 4.22, p = 0.121

Body weight (kg) 92.5 ± 14.9 98.5 ± 16.5 95.7 ± 17.5 0.059

BMI (kg/m2) 35.1 ± 5.1 35.9 ± 5.2 36.0 ± 5.5 0.475

 25.0–29.9 kg/m2 13 (15.7%) 11 (12.8%) 16 (17.0%) χ2 = 0.64, p = 0.725

 30–34.9 kg/m2 31 (37.3%) 31 (36.0%) 23 (24.5%) χ2 = 4.16, p = 0.125

 35–39.9 kg/m2 23 (27.7%) 23 (26.7%) 37 (39.4%) χ2 = 4.14, p = 0.126

  ≥ 40.0 kg/m2 16 (19.3%) 21 (24.4%) 18 (19.1%) χ2 = 0.95, p = 0.622

Waist circumference (cm) 106.3 ± 13.7 105.8 ± 15.6 102.2 ± 16.4 0.147

 R (Ω) 481.6 ± 68.6 467.9 ± 68.1 483.8 ± 80.5 0.296

 Xc (Ω) 47.6 ± 9.8 45.9 ± 8.8 45.3 ± 9.4 0.245

 FM (%) 41.6 ± 6.4 42.4 ± 7.3 43.0 ± 7.1 0.403

Muscle mass (%) 27.2 ± 4.3 27.8 ± 5.4 26.8 ± 4.8 0.390

Table 2 Absolute changes in anthropometric characteristics and body composition in the three groups

Data are expressed as mean ± SD

A p-value in bold type denotes a significant difference (p < 0.05)

VLCKD Very low-calorie ketogenic diet, MCTs Medium chain fatty acids, BMI body mass index, R resistance, Xc reactance, FM fat mass
a p < 0.05 vs control; one-way ANOVA and post hoc test for multiple comparisons (Bonferroni)
b p < 0.05 vs VLCKD + MCTs; one-way ANOVA and post hoc test for multiple comparisons (Bonferroni).

Parameters Control group (n = 83, 
31.6%)

VLCKD + MCTs (n = 86, 
32.7%)

VLCKD + earlyMCTs (n = 94, 
35.7%)

p for ANOVA

Body weight (kg) − 4.8 ± 2.64 − 7.2 ± 1.9a − 8.8 ± 2.9a,b  < 0.001
BMI (kg/m2) − 1.8 ± 0.9 − 2.6 ± 0.6a − 3.3 ± 1.1a,b  < 0.001

 18.5–24.9 kg/m2 2 (2.4%) 2 (2.3%) 6 (6.4%) χ2 = 2.66, p = 0.263

 25.0–29.9 kg/m2 23 (27.7%) 25 (29.1%) 24 (25.5%) χ2 = 0.29, p = 0.865

 30–34.9 kg/m2 28 (33.7%) 26 (30.2%) 35 (37.2%) χ2 = 0.98, p = 0.611

 35–39.9 kg/m2 24 (28.9%) 24 (27.9%) 19 (20.2%) χ2 = 2.16, p = 0.340

  ≥ 40.0 kg/m2 6 (7.2%) 9 (10.5%) 10 (10.6%) χ2 = 0.73, p = 0.693

Waist circumference (cm) − 4.4 ± 5.7 − 7.3 ± 5.4a − 8.1 ± 4.9a  < 0.001
 R (Ω) 6.1 ± 36.4 8.9 ± 30.7 − 1.1 ± 49.5 0.227

 Xc (Ω) 2.8 ± 6.4 3.8 ± 5.4 5.0 ± 6.7 0.059

 FM (%) − 2.5 ± 2.7 − 3.7 ± 2.6a − 5.1 ± 3.8a,b  < 0.001
Muscle mass (%) 1.1 ± 2.1 1.8 ± 1.9 2.7 ± 2.6a,b  < 0.001



Page 6 of 10Vetrani et al. Journal of Translational Medicine           (2023) 21:29 

1.5 ± 1.8  mg/L, VLCKD + earlyMCTs: 1.4 ± 1.7  mg/L; 
p = 0.530) (Fig.  1). However, as compared to the con-
trol group, CRP concentrations (evaluated as abso-
lute percent change) were significantly lower in both 
the VLCKD + MCTs group (∆% = −  22.5 ± 51.2 vs 
−  46.2 ± 25.3; p = 0.009), and the VLCKD + earlyMCTs 
group (∆% = −  22.5 ± 51.2 vs −  45.0 ± 52.4; p = 0.011) 

(Fig. 1).Findings from the logistic regression modeling in 
the whole population were shown in Table 3.

MCTs supplementation starting at the beginning of 
the VLCKD active phase (VLCKD + MCTs) did not 
influence the likelihood to improve BMI classes. As for 
VLCKD + earlyMCTs intervention, participants pre-
sented a high likelihood of improvement of BMI classes 

Fig. 1 Changes in hs-CRP concentrations in the three study groups. One-way ANOVA and post hoc test for multiple comparisons (Bonferroni). A 
p-value in bold type denotes a significant difference (p < 0.05). * hs-CRP concentrations in the three groups at baseline. ** hs-CRP concentrations in 
the three groups after 45 days of VLCKD active phase. *** The absolute percent change of hs-CRP concentrations in the three groups

Table 3 Logistic regression analyses on the likelihood of BMI improvement * after MCTs supplementation, adjusted for possible 
confounders

*BMI improvement was evaluated as change of BMI classes according to WHO classification after the intervention. Model 1: unadjusted; Model 2: adjusted for age; 
Model 3: adjusted for age and body weight at baseline; Model 3: adjusted for age, body weight at baseline, and fat mass at baseline

A p-value in bold type denotes a significant difference (p < 0.05)

VLCK Very low-calorie ketogenic diet, MCTs Medium chain fatty acids, BMI body mass index, OR odds ratios, CI confidence interval

Intervention Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Control group (no MCTs) ref ref ref ref

VLCKD + MCTs 1.53 (0.84–2.77) p: 0.131 1.59 (0.87–2.91) p: 0.162 1.49 (0.83–2.70) p: 0.181 1.48 (0.82–2.67) p: 0.190

VLCKD + earlyMCTs 1.98 (1.08–3.63) p: 0.028 1.96 (1.06–3.60) p: 0.031 1.90 (1.04–3.48) p: 0.037 1.85 (1.02–3.36) p: 0.043



Page 7 of 10Vetrani et al. Journal of Translational Medicine           (2023) 21:29  

(OR: 1.85, 95% CI 1.02–3.36) also after adjusting for the 
potential confounding factors (age, body weight at base-
line, and fat mass at baseline).

Discussion
The present study showed that individuals undergoing 
a VLCKD with daily MCTs supplementation (20  g/day) 
obtained a higher body weight loss than individuals sup-
plied with VLCKD alone. Weight loss translated into a 
significant reduction in BMI, waist circumference, and 
fat mass. These effects were greater when MCTs sup-
plementation started 5 days before the beginning of the 
VLCKD active phase than on the first day of the dietary 
protocol.

Our results are in line with previous studies focusing 
on supplementation with MCTs during energy-restricted 
diets [25, 26]. Indeed, two meta-analyses [25, 26] showed 
that the isoenergetic substitution of LCTs with MCTs 
during energy-restricted dietary interventions resulted 
in a small reduction in body weight (− 0.5 to − 0.7 kg) 
and waist circumference (− 1.5 to − 1.8 cm) in middle-
aged individuals with overweight/obesity. However, 
when considering studies involving very low-calorie diets 
(< 800  kcal/day) with MCTs supplementation the mean 
weight reduction was similar to that observed in our 
study (on average − 8 kg).

As reported above, MCTs are metabolised differently 
from LCTs, since they can reach the liver after being 
absorbed in the intestine and are largely oxidized and 
not stored [23]. In addition, MCTs have been suggested 
to increase thermogenesis and reduce fat deposition, 
thus contributing to weight loss [27, 28]. Indeed, Hill 
and colleagues [49] demonstrated that MCTs s increased 
thermogenesis by 50% after a 6  day supplementation. 
Therefore, this mechanism might explain the greater 
effect on body weight loss that we observed in the group 
starting MCTs supplementation prior to the VLCKD.

As for the effect on body composition, MCTs supple-
mentation significantly reduce fat mass whereas muscle 
mass was increased only in the earlyMCTs group as com-
pared to VLCKD alone.

It is known that during nutritional ketosis, ketone bod-
ies can be used as the main energy source thus limiting 
protein breakdown for energy purposes [50]. On the 
other hand, high doses of MCTs have been shown to 
stimulate lipolysis by increasing lipoprotein lipase activity 
in animal models [51, 52]. Nevertheless, the mechanisms 
underlying the effect of MCTs on body composition in 
humans need further clarification.

In the management of obesity and its metabolic comor-
bidities, VLCKD has been proposed also to reduce sys-
temic inflammation by virtue of its antioxidant and 
anti-inflammatory effects [53, 54]. Interestingly, in our 

study all groups undergoing the VLCKD presented a 
reduction of CRP concentrations, a well-known marker 
of inflammation. This result confirms those obtained in 
previous studies demonstrating the anti-inflammatory 
effects of the VLCKD in the short [36, 54] and -long-
term in individuals with obesity [55]. Indeed, VLCKD has 
shown to reduce inflammation through several mecha-
nisms, i.e.by inhibiting activation of the nuclear factor 
kappa-light-chain-enhancer of activated B cells, and the 
inflammatory nucleotide-binding, leucine-rich-contain-
ing family, pyrin domain-containing-3, and inhibiting 
histone deacetylases [56]. Notably, the earlyMCTs group 
experienced the greatest reduction as compared to the 
other groups, likely due to the overflow of ketone bod-
ies [57]. Unfortunately, we did not perform a quantitative 
measurement of ketone bodies and we were not able to 
test this hypothesis.

Our study has some strengths and limitations. To the 
best of our knowledge, this is the first study evaluat-
ing the effect of MCTs supplementation in addition to 
VLCKD in individuals with overweight/obesity. In addi-
tion, this study was performed in a large population in a 
real-life setting.

Weaknesses included the single-centre recruitment 
with potential selection bias. Nevertheless, to increase 
the homogeneity of the study population, we included 
only women to avoid potential gender differences in body 
composition and CRP concentrations. In addition, we did 
not evaluate the long-term effect of MCTs supplementa-
tion. However, the short study duration increased partici-
pants’ compliance to the treatment. Finally, we did not 
analyse other inflammatory markers, but CRP is a reliable 
inflammatory biomarker in different clinical settings [58].

Another limitation might be the transferability of these 
results to other populations. Our study focused on young 
adult women with overweight/obesity. Previous studies 
reported that MCTs supplementation did not increase 
ketone bodies in middle-aged and elderly subjects [59]. 
Therefore, further studies of the ketogenic effect of MCTs 
in different populations are warranted.

Conclusion
The results of the present study demonstrated for the 
first time that MCTs supplementation (20 g/day) during 
the active stage of the VLCKD may be a useful tool to 
enhance the beneficial effect of VLCKD on the reduction 
of body weight and fat mass, as well as the improvement 
of the inflammatory state. In particular, MCTs supple-
mentation 5  days before the beginning of the VLCKD 
active phase might facilitate the transition into ketosis 
thus contributing to the effectiveness of the nutritional 
intervention and enhancing its beneficial effects (Fig. 2). 
However, further studies extending the observations to 
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subsequent stages of the VLCKD are mandatory. In addi-
tion, VLCKD with early MCTs supplementation (5 days 
before the onset of the active phase) should be compared 
with other hypocaloric dietary programs to confirm 
its role in the enhancement of weight loss and reduced 
inflammation by virtue of the increase of ketosis. Finally, 
this study underlines the pivotal role of the nutritionist 
in the management and correct planning of the VLCKD.
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Fig. 2 MCTs supplementation during the active stage of the VLCKD. The MCTs supplementation (20 g/day) 5 days before the beginning of the 
VLCKD active phase might facilitate the transition into ketosis thus contributing to the effectiveness of the nutritional intervention enhancing its 
beneficial effects on weight loss, body composition modulation and inflammatory status
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Abstract
Purpose of Review Obesity and its related comorbidities make up a large part of healthcare expenditures. Despite a wide array of
options for treatment of obesity, rates of sustained weight loss continue to be low, leading patients to seek alternative treatment
options. Although the first medically utilized ketogenic diet was described nearly 100 years ago, it has made a resurgence as a
treatment option for obesity. Despite increased popularity in the lay public and increased use of ketogenic dietary strategies for
metabolic therapy, we are still beginning to unravel the metabolic impact of long-term dietary ketosis.
Recent Findings There are a number of recent trials that have highlighted the short- and long-term benefits of ketogenic diet on
weight, glycemic control, and other endocrine functions including reproductive hormones.
Summary This review is a summary of available data on the effectiveness and durability of the ketogenic diet when compared to
conventional interventions. Ketogenic dietary strategies may play a role in short-term improvement of important metabolic
parameters with potential for long-term benefit. However, response may vary due to inter-individual ability to maintain long-
term carbohydrate restriction.

Keywords Obesity . Diabetes . Ketogenic diet .Weight loss

Introduction

Obesity is directly associated with multiple co-morbidities,
adversely affects disease outcomes, and results in substantially
increased health care spending [1, 2]. The global prevalence of
obesity has doubled in the last two decades, and recent esti-
mates suggest that over two thirds of the US adult population
is overweight (BMI > 25 kg/m2), including the more than one
third of Americans that are obese (BMI > 30 kg/m2) [3••, 4].

The pathogenesis of obesity is multifactorial with significant
impact from genetic, environmental, and life style factors that
contribute to development of a state of neuroendocrine dys-
regulation in many patients [5–8]. Long-term positive energy
balance increases fat storage in adipose tissue and has the
potential to elicit a pro-inflammatory physiologic state affect-
ing insulin signaling, thereby creating a state of insulin resis-
tance [9, 10]. Insulin resistance over time leads to changes in
metabolic parameters, including increased plasma free fatty
acids (FFA), elevated plasma triglycerides, and inflammatory
cytokines, as well as atherogenic dyslipidemia (high triglyc-
erides, high LDL-C, and low HDL-C), which contribute to an
increased risk of cardiovascular disease and other obesity-
related comorbidities [11].

Optimal management of obesity requires a multi-
disciplinary approach to promote weight loss which can re-
duce its detrimental health effects [11]. Currently, there are
several weight loss approaches available—including commer-
cially available dietary regimens, cognitive behavioral inter-
ventions, pharmacological therapies, endoscopic procedures,
and surgical interventions [12]. Despite this range of weight
loss strategies, less than 20% of individuals who try to lose
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weight are able to achieve and maintain a 10% reduction over
a year, with the majority gaining it back within 3–5 years [13].
As individuals regain weight, many of the associated comor-
bidities have the potential to return, leading to a great deal of
frustration and feelings of hopelessness. Each of these strate-
gies has different strengths and potential weaknesses; howev-
er, it often requires a combination of these approaches to
achieve sustained weight reduction. This article will focus
on the ketogenic diet as one of these strategies, due to the
renewed interest in utilizing a ketogenic dietary approach with
its rapid initial weight loss and theoretical potential for im-
proving insulin resistance and metabolic health.

History of Ketogenic Diets

Ketogenic diets (KD) have been used as metabolic therapy for
over a hundred years. One of the earliest applications of KD
was for the treatment of children with intractable epilepsy;
through the production of circulating blood ketones (“keto-
sis”), a ketogenic diet is able to induce a state similar to
prolonged fasting, which leads to a reduction in seizure activ-
ity. Initially in 1921, Woodyatt et al. noted that ketone bodies
developed either through starvation or a diet containing high
ratio of fat to carbohydrates [14]. Building upon previous
research, Wilder and Winter reported that a ratio of at least
2:1 of “ketogenic” to glucose molecules was needed to pro-
duce significant ketosis and coined the term “ketogenic diet”.
Their initial paper in 1922 (the year exogenous insulin was
first used for treatment of diabetes mellitus (DM)) reported
outcomes from 16 patients (3 with epilepsy and 13 with
DM) who were placed on a very low carbohydrate diet (aver-
age 23.88 g of carbohydrates per day) in a controlled setting
with serum and urinary acetone being measured after 3 days.
Significant ketogenesis was observed in a majority of the pa-
tients [15]. Based on this initial paper, subsequent research
observed that the ketogenic diet was as effective as fasting in
producing ketosis and could be maintained for a longer period
of time.

Following the initial work with ketogenic diet and DM,
Wilder and colleagues at the Mayo Clinic began to explore
the possibility of its use in intractable epilepsy. They deter-
mined that over half the patients had clinical benefit from the
diet and three patients who had at least monthly epileptic
events had between 8 and 24 months of no seizures. These
observations were similar to the pediatric study of 144 chil-
dren with intractable seizures treated with a ketogenic diet. An
estimated 54% of children had seizure activity improvedwhile
on the diet. As with adults, dietary compliance in the children
was the main cited reason for failure [16].

In 1925, Peterman et al. further defined the original adult
1922 ketogenic diet as being composed of 1 g of protein per
kilogram of body weight in children along with 10–15 g of

carbohydrates per day [17]. The remainder of the calories
were provided as fat. They showed that with good education
of patients and caregivers, this diet could be successfully im-
plemented in the outpatient setting. In the early 1900s, prior to
the advent of insulin, a very low carbohydrate diet was the
preferred therapeutic approach for diabetes in order to keep
blood glucose levels low and insulin sensitivity optimized
[18]. Although the ketogenic diet continued to be utilized in
the 1920s and 1930s for both DM and seizures, the discovery
of insulin in 1922 and safe anti-epileptic medications such as
phenytoin (1938) decreased the routine clinical use of the
ketogenic diet. From the 1960s onwards, very low carbohy-
drate ketogenic diets (VLCKD) became more commonly
known as methods for obesity treatment.

In 1972, Dr. Atkins popularized ketogenic diet with the lay
population and described a very low-carbohydrate diet for
weight loss based on the principle of promoting ketogenesis.
Ketones, predominantly acetoacetate (AcAc) and beta-
hydoxybutyrate (BHB), are generated in response to fat oxi-
dation and are able to be utilized as a primary source of fuel
rather than glucose [19]. There are several variations of KD
described in the literature; a “very-low carbohydrate ketogenic
diet” (VLCKD) recommends 20 to 50 g per day or 10% of a
2000 kcal/day diet to achieve a ketogenic state [20]. This is in
contrast to the current US dietary guideline recommendation
of 45 to 65% of kilocalorie from carbohydrates per day [21,
22]. A “low carbohydrate diet” is defined as < 130 g carbohy-
drate per day and falls somewhere between the two extremes.
The effectiveness of KD for weight loss and other metabolic
disorders, including polycystic ovarian disease, diabetes
mellitus, and neurologic disorders (epilepsy, Alzheimer’s dis-
ease, glioblastoma multiforme, etc.), are multifactorial, but ap-
pear to be related to the macronutrient composition of the diet
that results in induction of circulating ketones with resultant
changes in metabolism, the gut microbiome, inflammatory
pathways, and cell signaling [23–27].

Despite multiple studies showing benefits of KD for the
management of metabolic disorders, there is ongoing debate
over the mechanism of weight loss and safety of long-term
carbohydrate restriction. We have previously described the
evidence behind the Atkins diet [28]. In this review, we will
focus on the endocrinological impact of KD, specifically
outlining physiologic endocrine changes that may explain its
effectiveness and subsequently implications on clinical
practice.

Understanding the Ketogenic State

Glucose homeostasis under most circumstances is maintained
by the counter-regulatory actions of insulin and glucagon on
glucose, amino acid, and fatty acid metabolism. In normal fed
conditions, glucose is the primary fuel utilized by tissues, and
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a post-prandial rise in glucose stimulates the β-cells of the
pancreas to release insulin that mediates cellular uptake of
glucose to normalize blood glucose levels and allow glucose
to be converted into cellular energy. Once in the cell, glucose
can undergo glycolysis for immediate generation of pyruvate
and adenosine triphosphate (ATP) [29, 30]. Pyruvate in the
presence of oxygen then is transported into the mitochondria
and converted into acetyl-CoA, which is able to enter the citric
acid cycle for oxidative phosphorylation and generation of
ATP via the electron transport chain. During periods of
short-term fasting (1–3 days), blood glucose is maintained
through the stimulatory actions of glucagon on glycogenolysis
(glycogen breakdown) and de novo gluconeogenesis (produc-
tion of endogenous glucose) [31].

In states of prolonged fasting (> 3 days), the counter-
regulatory actions of glucagon, epinephrine, and cortisol stim-
ulate mobilization of FFA from the stored triglycerides in ad-
ipose tissue by their actions on lipoprotein lipase. These FFAs
released into circulation undergo β-oxidation in the liver to
form acetyl coenzymeA (CoA), which is then able to enter the
citric acid cycle for complete metabolism via oxidative phos-
phorylation [32]. Each 2C fragment released as acetyl-CoA
from a fatty acid chain during beta-oxidation is able to be
utilized for ATP production. When insulin is low and intracel-
lular ATP is sufficient, these acetyl groups can be converted to
ketone bodies (BHB, AcAc, and acetone) for export from the
liver [33, 34]. In normal circumstances, ketone bodies are
produced in the liver at about 180 g/day providing energy
for 2–6% of body needs [35]. Their production increases in
response to physiological conditions (2–20 fold normal) such
as prolonged fast, exercise, low levels of insulin, pregnancy,
and consumption of a very low carbohydrate diet and also in
pathological states (> 50-fold normal) such as diabetic
ketoacidosis, toxic ketoacidosis, and inborn metabolic errors
promoting insulin resistance [35–39]. Ketones produce 31%
more energy than glucose per carbon unit and provide up to
30–40% of energy required for body functioning after 3 days
of fasting [23, 37].

What Constitutes a Ketogenic Diet?

While a therapeutic level of ketones is essential for increasing
seizure threshold in epileptics, it is not essential for KD as a
weight loss tool. The plan proposed by Dr. Atkins modified
from the 4:1 ratio and focused more on an induction phase
with 20 g of carbohydrate to promote ketosis. Once weight
loss is achieved, Dr. Atkins recommended increasing carbo-
hydrates by 5 g per day to a maximum of 100 g per day during
the maintenance phase. There is inter-individual variation in
the ability to maintain ketosis, so the individual dieter needs to
monitor their ketones to determine the ultimate carbohydrate
threshold that works for maintenance of ketosis in their body

[40, 41]. However, other versions of KD limit the threshold to
a maximum of 50 g of carbohydrate per day to induce and
maintain ketosis. Others recommend a “low-carbohydrate”
diet containing between 50 and 150 g per day of carbohydrate,
with limited starches and sugar [42]. Protein recommenda-
tions remain between 1 and 1.5 g/kg per day to maintain
positive nitrogen balance and lean muscle mass [43, 44]. Of
note, certain amino acids can be used as a precursor for de
novo gluconeogenesis, so some people may have difficulty
maintaining ketosis if their protein levels exceed these recom-
mendations. The protein recommendations of KD are in ac-
cordance with the US dietary guidelines of 0.8–1.2 g/kg per
day.

Mechanisms for Effectiveness of Ketogenic
Diet

The carbohydrate-insulin model of obesity proposes that in
states of excess carbohydrate consumption with subsequent
elevations in insulin levels, glucose and fatty acids are driven
towards storage rather than utilization, which can result in
“internal starvation” indicated by excessive hunger with adap-
tive lowering of energy expenditure and increased weight gain
[45]. This concept of excess energy storage as lipid is support-
ed by increased expression of fatty acid synthase in rats fed
high glycemic index foods [46]. The traditional dogma attrib-
uted greater weight loss with greater reduction in the number
of calories consumed; however, not all dietary calories induce
the samemetabolic effect, which questions this viewpoint, and
a VLCKD is associated with calorie-independent mechanisms
that produce a metabolic advantage compared to the standard
“calories in, calories out” approach [47, 48]. VLCKD results
in a glucagon-dominant physiological state, similar to a state
of fasting with high glucagon to insulin ratio that favors gly-
cogenolysis, gluconeogenesis, lipolysis, and ketogenesis [49].
This results in a shift from a glucose-dependent (glucocentric)
to a ketone-dependent state (ketocentric) where the primary
energy is derived from beta-oxidation of dietary and endoge-
nous fatty acids and ketogenesis/ketolysis [50–52].

Dr. Atkins was the first to postulate the hypothesis of a
“metabolic advantage” in which a VLCKD breaks the vicious
cycle of glucose dependence and shifts metabolism toward a
keto-centric state. He also postulated that significant amounts
of fats could be consumed without much weight gain as long
as insulin levels remain low in accordance with low carbohy-
drate consumption [40, 53]. The proposed mechanism on the
effectiveness of KD is maintenance of resting energy expen-
diture and lean muscle mass, high fat mass loss, and increased
fat oxidation rate compared to iso-caloric high carbohydrate
diets [54]. Consistent with this hypothesis, small controlled
feeding and metabolic chamber studies in humans have re-
ported increased resting energy expenditures and higher
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sleeping energy expenditure in patients on a very low carb,
high-fat diet compared to iso-caloric high carbohydrate, low-
fat diets [48, 55].

Based on the available evidence, a recent randomized trial
was conducted in 164 individuals with a BMI greater than 25
kg/m2 to evaluate the changes in energy expenditure on low
carbohydrate diet [56••]. After an initial phase with a 60%
calorie-restricted diet (45% CHO, 30% fat, and 25% protein)
that resulted in 12%weight loss, individuals were randomized
to one of three isonitrogenous intervention arms stratified by
carbohydrate content (60% vs 40% vs 20%). The diets were
kept iso-caloric with reductions in carbohydrates balanced by
increasing calories from fat. After 20 weeks on the assigned
diet, total energy expenditure increased significantly (52
kcal/day; 95%CI 23 to 82 kcal/day) with every 10% reduction
in carbohydrate intake. They have also reported significant
reductions in ghrelin and leptin on high-fat diet compared to
moderate- and low-fat diets.

Effect of Ketogenic Diet on Insulin

Insulin primarily acts via two signaling pathways: the
phosphatidylinositol-3-OH kinase (PI3K) and mitogen-
activated protein kinase (MAPK) pathway. Activation of
PI3K pathway increases the glucose uptake by translocating
the GLUT 4 transporter to the cell surface, inhibiting lipolysis
and promoting glycogen synthesis in the muscle and liver, and
inhibiting gluconeogenesis (by reducing production of hepatic
acetyl CoA). The MAPK pathway primarily promotes differ-
entiation of pre-adipocytes to adipocytes in the adipose tissue
to store triglyceride as fat droplets. Therefore, defects in any of
the described cellular pathways results in impaired glucose
disposal resulting in insulin resistance. It is important to un-
derstand the role of increased adipose tissue and insulin resis-
tance to comprehend the effectiveness of KD [57, 58].

Metabolic changes contributing to the development of in-
sulin resistance is complex, and a complete review of the topic
is beyond the scope of this paper. In brief, increased adipose
tissue results in excess amounts of FFA due to a combination
of poor responsiveness of adipose tissue to anti-lipolytic ac-
tion of insulin and reduced utilization of fatty acids in the
peripheral tissues as a result of poor lipoprotein lipase expres-
sion. The increased FFAs released from adipose tissue along
with increased myo-cellular adipose deposition promote insu-
lin resistance by (1) affecting cellular uptake of glucose; (2)
preventing cellular utilization of glucose and fatty acids [59,
60]; (3) reducing glycogen synthesis by serial inhibition of
hexokinase II, pyruvate dehydrogenase, and phosphofructoki-
nase [61]; and (4) increasing expression of enzymes involved
in gluconeogenesis [62]. Excess FFA levels are seen especial-
ly in individuals with central obesity as visceral adipose tissue
is less responsive to anti-lipolytic activity of insulin releasing

large amounts of FFA into the portal circulation, which results
in insulin resistance in the liver followed by resistance in the
peripheral tissues [63–65]. Adipose tissue is also a very active
endocrine organ with adipocytes secreting several chemical
mediators (“adipokines”) that regulate energy homeostasis
and inflammation. Increases in adipose tissue may result in
excess pro-inflammatory chemokines and cytokines that in-
crease recruitment of macrophages into the adipose tissue pro-
moting inflammation, thereby causing insulin resistance and
also increase expression of enzymes coding for gluconeogen-
esis causing hyperglycemia [66]. KD not only decreases post-
prandial insulin secretion, but it also reverses insulin resis-
tance by inducing weight loss and fat mass loss thereby help-
ing restore the functionality of insulin.

Changes in Short-Term Insulin Release

The reduction of fasting insulin levels is profound in the early
phases of KD initiation; in addition to decreased insulin re-
quirements in response to VLCKD, changes in insulin are also
related to weight loss. In a 6-week study evaluating the effects
of low carbohydrate diets in healthy volunteers, 12 were
transitioned to a KD and 8 continued on the regular diet as
controls. At the end of 12-week period, there was significant
reduction in body mass and fat mass from baseline at 3 weeks
and 6 weeks in the KD arm compared to the control. On
comparing the fasting hormonal levels from baseline, there
was a significant reduction in the insulin concentration from
baseline to 3 weeks (− 19.4%) and 6 weeks (− 34.2%). The
changes in insulin concentration were directly co-related to
the changes in body composition and more specifically to
the reduction in total fat mass and percent fat mass. The au-
thors concluded that the endocrine adaption to low carbohy-
drate diet especially the significant reduction in insulin medi-
ated the accelerated short-term weight and fat loss with KD
[67••].

In a subsequent 12-week study of 178 men evaluated for
effects of carbohydrate restriction on atherogenic dyslipid-
emia, the low carbohydrate group (26% of total energy from
carbohydrates with low saturated fat) demonstrated significant
improvements ApoB and improved LDL particle peak diam-
eter with reduction in small dense LDL (that increase risk of
residual cardiovascular risk) [68]. The benefits are associated
with the weight loss from carbohydrate restriction and are lost
with subsequent weight regain after dietary carbohydrate in-
take increases. Like all dietary regimens, the biggest challenge
with maintaining metabolic improvements is long-term adher-
ence to the diet.

Ketogenic Diet and Long-Term Glycemic Control

Over the last few years, there has been an increasing emphasis
on investigating diets with different macro-nutrient
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composition for sustainable weight loss. Atkins diet, Zone
diet, Dean Ornish diet, and Mediterranean diet have been
compared head to head in several clinical RCTs. Clinical trials
andmeta-analysis have reported a greater weight loss with KD
on comparing other diets that were iso-caloric but differed in
the macronutrient composition [69]. Weight loss has been
shown to reduce insulin levels and improve insulin resistance.
In a clinical trial comparing KD vs low-fat diet (LFD) in 132
severely obese patients, weight loss was significantly greater
with KD at 6 months along with a reduction in triglycerides
[70••]. The mean fasting glucose levels reduced significantly
by − 9 ± 19% with KD compared to the other groups, and the
reduction was greater in diabetic patients. Insulin sensitivity in
non-diabetic patients was significantly greater in the KD
group compared to LFD (6 ± 9% vs − 3 ± 8%; P = 0.01).

In a 1-year study that compared four diets (n = 160; 40
participants per group) (Atkins diet, Zone diet, Dean Ornish
diet, and Mediterranean diet), mean weight loss was greater
with KD (2.1 ± 4.8 kg) and the effects were more profound in
those who completed the trial [71••]. In this study, insulin
levels in all four groups were significantly reduced at 2
months (− 6.5 ± 15μIU/mL), but the reductions were not
sustained at 6 months nor at 1 year suggesting that the change
in insulin is correlated to the amount of weight loss. In another
48-month randomized controlled trial by Shai et al. in 322
moderately obese individuals, mean weight loss was greater
in the KD group (4.7 kg) compared to Mediterranean (4.4 kg)
and low-fat diet (2.9 kg) with greater reductions in completers
[72••]. At 48months, insulin levels significantly reduced in all
the 3 groups in both diabetic and non-diabetic individuals
from the baseline, but the reduction in HbA1c from baseline
in diabetics was significant only within the KD group (0.9 ±
0.8%; P < 0.05). Interestingly, a significant improvement in
insulin resistance that was reported as reduction in HOMA-IR
at 24 months was observed in the Mediterranean diet group.
The findings from the study suggest a short-term improve-
ment in insulin levels and insulin resistance, but the weight
regain associated with poor compliance of KD attenuates the
beneficial effects in the long term [72••].

Glycemic Control with Ketogenic diet in Type 2
Diabetes Mellitus

KD results in improvement in insulin sensitivity with reduced
insulin levels needed for improved glycemic control as ob-
served in lowering of HbA1c levels [73]. In a 24-week ran-
domized controlled study of 84 obese diabetic individuals,
KD showed greater improvement in the HbA1c (− 1.5% vs
− 0.5%, P = 0.03) along with a reduction/elimination in the
use of diabetic medications (20 out of 21 individuals) com-
pared to a calorie-restricted moderate carbohydrate diet (40–
50% carbohydrates) [74]. Within the KD group, significant
improvements in metabolic parameters were also reported;

however, the differences did not reach significancewhen com-
pared between the groups. In a 24-week study comparing KD
(n = 220) vs low-calorie diet (LCD) (2200 calories/day) (n =
143), 75 participants (35.5%) in KD and 24 in LCD (16.8%)
had type 2 diabetes mellitus (T2DM). On comparing the ef-
fectiveness of KD on blood glucose and HbA1c in individuals
with T2DM, the reductions were significant in the KD group
[75]. Yancy et al. reported similar reductions in a 16-week
pilot study of 28 overweight individuals [76]. HbA1c was
reduced by 16% in the KD group from baseline (7.5 ± 1.4%
to 6.3 ± 1.0% (P < 0.001)) concurrent with a significant re-
duction in the use of diabetic medications with complete dis-
continuation of hypoglycemics in 7 participants along with
dose reductions in 10 other participants. Importantly, this
study highlighted that the reduction in weight from baseline
was not a predictor or entirely necessary for improvement in
glycemic status.

These short-term trials showing the potential for KD to
improve glycemic control were analyzed in a meta-analysis
of 9 randomized controlled trials with a follow-up range be-
tween 2 and 24months. A significant reduction in HbA1c was
observed in the KD group [77••]. In a subsequent meta-
analysis that included 18 studies with a patient population of
2204 individuals, 7 studies were included that evaluated for
the effect of KD on HbA1c change [78]. They have reported a
significant reduction in HbA1c at 1 year with estimated effect
of − 0.28% (95% CI − 0.53 to − 0.02, P = 0.03). The HbA1c
reduction was correlated to dietary adherence; however, the
authors note that 15 out of 18 studies had high risk of bias.

The effectiveness of KD to improve glycemic control has
been consistent in the short-term, but its effectiveness for long-
term use has been inconsistent. In a 1-year RCT of 105 diabetic
patients comparing KD vs low-fat diet, there was no significant
reduction in HbA1c at 1 year [79••]. A reduction was observed
during the initial 3 months of the study, and it was positively
correlated to the baseline HbA1c values. However, the reduction
in the HbA1c was not sustained in the long term due to poor
adherence. Similar observations of initial short-term success
followed by long-term failure was demonstrated in a non-
blinded randomized trial comparing KD vs low-fat diet in 61
diabetic individuals. The reductions in HbA1c in the KD group
at 6 months were greater compared to baseline (− 4.8 ± 8.3
mmol/mol, P = 0.004), but the change at 12 months was not
sustained and insignificant at the end of the study period com-
paring to baseline (− 2.2 ± 7.7mmol/mol,P = 0.12) [80]. KD use
in diabetic patients can be beneficial; however, the factor limiting
the KDs potential is poor adherence with individuals reverting to
consuming food with high carbohydrate content. Also, other
concerns for KD use in patients with diabetes are the need for
dose adjustment of hypoglycemic medications immediately after
initiation of KD, potential for hypoglycemia if medications are
not titrated appropriately, life-threatening ketoacidosis, and KD
effects on renal function [81–83].
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Effect of Ketogenic Diet on Reproductive
Hormones

Being obese or overweight may negatively impact reproduc-
tive health in women by predisposing them to developing of
polycystic ovarian syndrome (PCOS) or infertility. In addi-
tion, obesity in pregnant women is an independent risk factor
for obstetric and neonatal complications as well. Weight loss
has been proven to improve fertility, increase probability of
ovulation, improve success of assisted reproductive tech-
niques, and reduce complications of pregnancy [84, 85]. A
meta-analysis of 7 studies evaluating the effect of low carbo-
hydrate diet (not typical KD) in infertile women reported that
energy restriction and the resultant weight loss reduces the
levels of testosterone and resets the hormonal equilibrium
thereby enhancing the chances of ovulation and pregnancy
[86].

PCOS is common in young women and is generally asso-
ciated with obesity, hyperinsulinemia, and insulin resistance
[87]. Insulin resistance and hyperinsulinemia increase free an-
drogen as a result of increased androgen secretion from the
ovary and a reduced circulating sex hormone-binding globu-
lin. In such patients, dietary modification and weight loss are
recommended as the first line of treatment. KD’s potential to
induce weight loss and insulin resistance and lowering andro-
gen levels may result in clinical improvement [88]. In a 24-
week pilot study of 11 women diagnosed with PCOS, KD has
shown significant improvement of the endocrine changes as-
sociated with PCOS. In the women who completed the 24-
week study period, significant improvements from baseline
were seen in the levels of free testosterone (mean percent
change = − 30%, P = 0.04) and LH/FSH ratio (mean percent
change (− 36%, P = 0.03) suggesting a reversal of increased
androgen secretion and endocrine normalization respectively
[89]. A significant reduction in fasting serum glucose and
insulin were reported in these patients suggestive of improved
insulin resistance. Along with improvements in the biochem-
istry profile, significant clinical improvement in hirsutism,
infertility, and menstruation was also reported.

Effect on Testosterone

Apart from the study of weight loss and other therapeutic
applications in obesity and diabetes, the role of KD in the
performance and body composition changes has been in-
vestigated in athletes, endurance trainers, and cyclists.
The results from the studies are inconsistent; however,
the benefits could be possibly from keto adaption and an
increased rate of fat β-oxidation in muscle mitochondria
[90–92]. As testosterone is synthesized from cholesterol,
it can be assumed that KD could increase total testoster-
one levels due to its higher cholesterol content compared
to a typical western diet. The only study conducted in

recent times reported the hormonal effect of KD on tes-
tosterone in resistance training males [93]. In this study,
25 men were assigned to either KD or western diet for 10
weeks followed by a week of carbohydrate re-introduc-
tion. At the end of the study, significant improvements
in lean body mass and fat mass were reported in both
the groups. In terms of total testosterone levels, signifi-
cant increase in total testosterone from baseline was ob-
served in the KD group compared to the western diet
group (118 ng/dL vs − 36 ng/dL) possibly explaining
the effects in testosterone due to increased cholesterol
intake. However, this evidence is inconclusive leaving
several questions to be addressed [94]. In another study
of 12 healthy volunteers, low carbohydrate diet did not
show any significant changes in testosterone or sex
hormone-binding globulin suggesting that KD might have
a minimal effect on testosterone [67••].

Effect of Ketogenic Diet on Thyroid Hormones

As described earlier, KD diet mimics a state of starvation
changing the metabolism from an anabolic state that is
insulin dominant to a catabolic state favoring a predomi-
nant glucagon state. This switch affects the thyroid hor-
mone status as its functioning correlates with body
weight, lean mass, and dietary carbohydrate content
[95]. In general, high carbohydrate diets are associated
with higher serum T3 concentrations compared to diet
low in carbohydrate content. KD, similar to fasting, sig-
nificantly reduces the levels of serum T3 levels along with
a concomitant increase in reverse-T3, and these changes
are correlated to the presence of ketone bodies [96–98]. In
a 56-week study of 12 healthy volunteers on low carbo-
hydrate diet, significant increases in total T4 (59.2 ± 11.2
nmol/L vs 66.4 ± 12.2 nmol/L) and free T4 index (19.2 ±
3.4 vs 21.6 ± 4.6) were reported compared to the baseline.
Caution should be taken when interpreting the increased
T4 as the investigators did not measure free fractions of
T3 and T4 [67••]. KD is also a long-term therapeutic
option for pediatric patients with intractable drug-
resistant epilepsy, and in such patients, due to the lower
peripheral conversion of T4 to T3, it predisposes children
to develop hypothyroidism. A study reported the risk of
hypothyroidism in such patients with long-term use of
KD. Hypothyroidism was diagnosed in 20/120 patients
during the first year of treatment requiring levothyroxine
supplementation [99••]. The literature investigating the
effects of KD on thyroid function status are limited; how-
ever, there is an ongoing randomized trial evaluating the
effects of KD and high carbohydrate diet on sleep and
thyroid function which will provide a better insight into
thyroid hormone changes with KD [100].
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Conclusions

The physiology behind a diet that induces ketosis is compel-
ling and has led to much interest in the use of a ketogenic diet
in weight loss, management of diabetes, and treatment of other
endocrine disorders. Although almost always favorable initial-
ly, improvements in metabolic parameters are difficult to sus-
tain in the long term because of challenges in adhering to such
a restricted diet. The long-term safety of such diets is also
unknown. In conclusion, the ketogenic diet has shown short-
term benefit for weight loss and improvements in diabetes
control when done under supervised conditions, and may be
an appropriate strategy for some patients.
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