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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 characterized 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 efficacy in weight management and weight-related comorbidities, as well as the possible side effects. Methods: This document has been prepared in adherence with Preferred Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines. Literature searches, study selection,
methodology development, and quality appraisal were performed independently by 2 authors and the data were collated by means of a meta-analysis and narrative synthesis.
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Results: Of the 645 articles retrieved, 15 studies met the inclusion criteria and were reviewed, revealing 4 main findings. 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 triglyceridemia as well as improved insulin resistance. Third, although 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 interventions. 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 easily to manage and recovery is often spontaneous. Conclusions: The VLCKD can be recommended as an effective dietary treatment for individuals with obesity after considering potential contra-indications and keeping in mind that
G.M. and M.E.G. contributed equally to the preparation and writing
of this document.
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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, obesity has been defined as “the silent killer”; indeed, it significantly increases the risk and contributes to the development of several diseases such as cardiovascular diseases, type 2 diabetes, dyslipidemia, arthropathy, some
neoplasms, and infertility [2, 3].
Several strategies are currently used for weight management in obesity, with the first attempt to lose weight
being focused on lifestyle changes based on physical activity and dietary recommendations. Usually, the most
recommended nutritional pattern is characterized by an
increase in complex/raw carbohydrates along with a reduction in fat intake aiming to reduce energy intake and
increase energy expenditure through physical activity [4].
Lifestyle modification programs are not always successful, especially in patients with severe obesity. On the other hand, the use of antiobesity drugs is currently limited
by nontrivial costs, potential side effects, and contraindications 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-associated comorbidities). Despite its effectiveness for remission of type 2 diabetes, bariatric surgery can lead to
several irreversible complications related to surgical procedures [7] and its availability is limited.
Recently, very low-carbohydrate ketogenic diets
(VLCKD) have been proposed as an appealing nutritional strategy for obesity management [8]. VLCKD are characterized 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 utilized 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 delivered through meal replacements mimicking a natural
VLCKD and Obesity

diet. Among the beneficial effects, VLCKD have been reported to induce more weight loss than a standard lowcalorie diet after 1 and 2 years of follow-up [10], to preserve muscle mass, muscle strength, and resting metabolic 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 contraindications; (2) conduct a systematic review and meta-analysis
on the efficacy of this protocol in terms of clinical outcomes (i.e., in the short and long term), i.e., weight loss
and maintenance, and changes in body composition parameters 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 natural foods. Each artificial meal typically includes 18 g of
protein, 4 g of carbohydrate, and 3 g of fat (mainly higholeic 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 requirements. 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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Fig. 1. Scheme of the stages of VLCKD pro-

tocol.

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 active stage protocol could be reached providing half of the
amount of daily protein using synthetic amino acid supplementation containing whey protein (13.42/bag), carbohydrate (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 reintroduced 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.
224
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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 micronutrients 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 topic 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 followed or not by a period of weight maintenance.
Muscogiuri et al.

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 before 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 comparison 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 intervention.
Biochemical assessment comprises the glycemic profile, 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 comparison of changes in FBG in mg/dL between VLCKD
and any other intervention), the Homeostatic Model Assessment for Insulin Resistance (HOMA index) (mean
difference in HOMA index between baseline and the last
available follow-up in the VLCKD group, and comparison of changes in HOMA index between VLCKD and any
other intervention), and glycated hemoglobin (HbA1c)
(mean difference in HbA1c expressed in % between baseline 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 profile, 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 lipoprotein (LDL) cholesterol (mean difference in LDL 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), 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 difference in TG expressed in mg/dL between baseline and the
last available follow-up in the VLCKD group, and comparison of changes in TG between VLCKD and any other
intervention).
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Methods
The meta-analysis was presented in adherence with Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) 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 Lipid Parameters in Overweight and Obese Subjects: A Meta-Analysis” (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, provided that they met the following criteria: (1) studies written in English; (2) original articles or studies with a longitudinal design; and
(3) prospective or retrospective observational (analytical or descriptive), 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 chapters) were included.
Considering that there is no complete agreement or set definition among clinicians and researchers regarding the macronutrients in VLCKD (i.e., carbohydrate, protein, and fat thresholds), for
the purposes of this review we adopted the following [8]: total daily 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 calories).
Information Source and Search Strategy
The literature search was performed independently and in duplicate 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 fatfree mass, 14 lean body mass, 15 glycemic profile, 16 glycemia, 17
fasting blood glucose, 18 HbA1c, 19 HOMA-IR index, 20 lipid profile cholesterol, 21 LDL cholesterol, 22 HDL cholesterol, and 23
TG. The following combinations were also applied as search parameters: (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).

225

In addition, a manual search was carried out to retrieve other
articles that were not identified via the initial search strategy. Publication date was not considered an exclusion criterion for the purposes of this review.
Study Selection and Quality Assessment
Two authors (G.M. and M.E.G.) independently screened the resulting articles for their methodology and appropriateness for inclusion. Noncontrolled observational studies were selected according to
the National Institute for Health and Clinical Excellence (NICE)
guideline checklist for quality appraisal [16]. For controlled observational studies, the appraisal was conducted according to the Newcastle-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 assigned to the following criteria: selection of study groups, comparability of study groups, and assessment of outcomes and adequacy of follow-up criteria [18]. In randomized controlled trials, quality appraisal 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 possible 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, outcome measurement, interventionist training, withdrawal, intent-totreat 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 information for judgement were indicated as “not reported,” and any disagreement was documented and resolved by discussion [21]. Consensus 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 matter 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 publication, 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 lipid profile, reflecting a change from baseline and different intervals
of VLCKD or differences from the control group. The mean difference was calculated as the difference between the reported
means (equation 1):
D = X2 - X1

The SD of the difference between means was calculated using
the SEM for each reported mean (equation 2):
SD =
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For reported means with a missing SD, the SD was imputed
from other studies [22]. A meta-analysis was performed to calculate a weighted average of the overall mean differences from different 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 acceptable 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 considered 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 papers were excluded on the following grounds: language
other than English, no bearing on overweight and obesity, 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-carbohydrate diets (but not well identified in the abstract);
and (3) VLCKD that did not satisfy our VLCKD protocol (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. According 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 acceptable (online suppl. Table 4). Finally, the PRISMA
checklist reported, item by item, the adherence to PRISMA guidelines for completion of this review (online suppl. Table 5).
Muscogiuri et al.

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 controlled

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 observational 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

45.40±14.20
n = 40 (20 VLCKD
and 20 VLCKD +
amino acids of 50%
proteins), and then
they were crossed over

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, HOMAIR index, cholesterol (total, LDL,
and HDL), and TG

Gomez-Arbelaez
[29]

2017

Spain

Prospective interven- n = 20 (M = 8;
tional noncontrolled 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 n = 33 (M = 13;
F = 20)
than a VLCKD arm
but not controlled vs.
other diets

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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Fig. 2. Flow chart summarizing the study selection procedure.

Narrative Synthesis
Albanese et al. [24] included in a retrospective controlled study 178 patients (139 females and 39 males) with
a mean age of 43 years and who were candidates for laparoscopic bariatric surgery. Seventy-two of those patients
228
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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 immediately after diet and immediately prebariatric surgery
Muscogiuri et al.

the BMI values were 43.9 ± 5.9 and 41.9 ± 6.8. The 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).
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 glycemia (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 females. 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 replaced 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 analysis 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 improvement 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 allocated to a VLCKD (n = 15; mean age = 44.3 ± 11.7 years
and BMI 32.95 ± 1.9) or a VLCKD + DHA supplementation (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 HOMAIR index (3.8 ± 1.9 vs. 1.2 ± 0.4; p < 0.05), total cholesterol (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 randomly 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) guidelines (n = 45; mean age = 54.17 ± 7.97 years and BMI
32.88 ± 1.60). Clinical outcomes were assessed at baseline and at the 4-month follow-up. A significant reduction 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 assessments 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 followed 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 placebo during the VLCKD and the LCD (n = 9; mean age =
38.22 ± 11.27 years and BMI 33.14 ± 1.47). In all 3 treatment arms, calorie restriction induced significant changes 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 variables 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 noncontrolled study in which they evaluated the effectiveness of
a sequential diet composed of a VLCKD (10 days), followed 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 laparoscopic 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 sequential 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,
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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 including 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 factors, 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 major 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 controlled trial enrolling 56 outpatients with obesity who
went on either a traditional standard hypocaloric Mediterranean 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, reductions in WC (119.1 ± 22.9 vs. 95.0 ± 17.4 cm; p = 0.044),
Muscogiuri et al.

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 controlled trial including 32 healthy subjects with overweight (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, switching 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 duration, 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, respectively. 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 included 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 intervention 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 prospective noncontrolled study including 20 patients with obesity
(mean age 48 ± 8.2 years and BMI 32.19 ± 4.78) who underwent 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 total (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.

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 Comparison of mean weight loss as BMI between VLCKD and controls.
k Reduction of WC (cm) after VLCKD. l Comparison of mean difference 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 cholesterol (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 cholesterol (mg/dL) between VLCKD and controls. cc Change in serum 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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Meta-Analysis
Fourteen of the 15 included studies underwent metaanalysis, 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-
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low-up with a VLCKD. Secondary outcomes were changes 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 cholesterol, 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).
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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
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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 followup, i.e., at the 4- to 6-month follow-up, a VLCKD was asMuscogiuri et al.
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(Figure continued on next pages.)

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 reduction 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).
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Body Composition
A significant reduction of WC from baseline was observed after VLCKD (–16.53 cm; 95% CI –19.71 to
–13.36; I2 = 69%; Fig. 3k). Moreover, the comparison between 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
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FM from baseline was observed after a VLCKD (–11.12
kg; 95% CI –14.26 to –7.97; I2 = 80%). In addition, compared 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
Muscogiuri et al.
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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 observed after a VLCKD, but this effect was not superior to
VLCKD and Obesity

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 HOMAIR index from baseline after a VLCKD (–2.30; 95% CI
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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
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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 interestingly when we compare the mean change in HDL
cholesterol between a VLCKD and other weight loss inMuscogiuri et al.
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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).
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Indications and Contraindications of VLCKD

The main indications for the use of VLCKD in obesity are: severe obesity, treatment of obesity with bariatric indications in the preoperative period before the
bariatric procedure, sarcopenic obesity, and obesity associated with hypertriglyceridemia and/or hypertension and/or type 2 diabetes and/or metabolic syndrome
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and/or NAFLD and/or obstructive sleep apnea syndrome and/or bone diseases or severe arthropathy [12,
37].
Absolute contraindications are: 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 of euglycemic diabetic
ketoacidosis), pregnancy and breastfeeding, kidney failure and severe chronic kidney disease, liver failure, hearth
failure (NYHA III–IV), respiratory insufficiency, unsta240
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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 deficiency, carnitine-acylcarnitine translocase deficiency, mitochondrial fatty acid β-oxidation disorders, and pyruvate carboxylase deficiency [12, 37].
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Table 2. Parameters monitored during a VLCKD

Parameters

Baseline During the At the end of At the end of
active stage the active
the reintrostage
duction stage

Antropometric assessment

Weight, height, and 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, and total and direct bilirubin)
Fasting lipid profile
25(OH)D, calcium
Glucose and insulin
β-hydroxybutyrate (capillary blood or urine)
TSH and FT4
Complete urinalysis and microalbuminuria (urine)

Side Effects of VLCKD and Their Medical
Management

The VLCKD is a nutritional approach that has significant beneficial effects on anthropometric and metabolic parameters 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 electrolytes [38]. Dehydration-related disorders are mostly
represented by a dry mouth, headache, dizziness/orthostatic 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 alterations are represented by hyponatremia and hypomagnesemia, which are potentially a link not only to dehydration 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
VLCKD and Obesity
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from day 5 to day 7 of the fast, after which there is a return 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 chronic heart failure) should be recommended to subjects with
hypotension-related symptoms. Muscle cramps and
sleep disturbances can be attenuated by the administration of magnesium.
Transient Hypoglycemia
Transient hypoglycemia could occur in the initial period 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 oxidation of lipids and increased oxidation of glucose. This
net effect of the shift in oxidation of fuels improves glucose metabolism through the reduction of insulin resistance [41].
The decrease in hepatic triacylglycerol as a consequence of the reduced carbohydrate intake usually improves hepatic insulin resistance and thus reduces hepatic glucose production [42]. If hypoglycemia occurs, it is
usually clinically mild and not associated with hypoglycemic 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.
Obes Facts 2021;14:222–245
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Halitosis
Subjects often report bad breath with a fruity smell
once they reach full ketosis. This is caused by the increased 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.

Rare Side Effects
Hypoproteinemia
The glucogenogenic consumption due to carbohydrate 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.

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 antidiarrhea medication. Diarrhea could be due to defective
absorption and intolerance of fat. The high content of lipids can slow gastric emptying, favoring gastroesophageal
reflux disease, nausea, and vomiting. Relief of this symptom could come from small and frequent meals, the sporadic use of gastrointestinal drugs such as antiemetics,
gastrointestinal tract regulators, and antiacids. A decreased 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 refer preexisting constipation, diverticular disease or hemorrhoids, it is recommended to prescribe extra dietary fiber (psyllium at 3.5 g twice daily) from the beginning of
the nutritional protocol [45].

Hypocalcemia and Bone Damage
Although no studies have been carried out in subjects
on a VLCKD with the aim of investigating calcium metabolism, it could be hypothesized that a nutritional protocol 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 active resorption of bone [36]. Calciuria is positively related
to net acid excretion and it is not compensated by increasing intestinal calcium absorption [50]. However, calciuria
seems to be not so excessive as to increase the risk of developing 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 recommend an adequate intake of calcium and to treat vitamin 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.

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 biphasic course, with a peak in 1–2 weeks and then a decrease 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].

Urolithiasis
Chronic acidosis, dehydration, and fat malabsorption
occurring during a VLCKD could predispose to urolithiasis [52, 53]. The stones mostly consist of uric acid, calcium oxalate, or a mixture of calcium oxalate and calcium
phosphate/uric acid [52, 53]. This disorder is more common 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 recommended to alkalinize urine, mostly in subjects with
risk factors.

Lipid Profile Changes
A decrease in plasma TG, increased LDL cholesterol,
and a neutral effect on HDL cholesterol are usually observed. The increase in LDL cholesterol is mostly due to
a high lipid intake [12], but it is transient and values usually 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-reducing medications should be taken into account.
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Gallstones
Weight loss during a VLCKD could increase the risk
of developing gallstones, as previously reported after rapid weight loss, either via a VLCD or via bariatric surgery
[54]. Supersaturation of bile with cholesterol, leading to
cholesterol crystallization and stone formation, and insufficient gallbladder emptying due to impaired motility
are the 2 most commonly suggested mechanisms for gallMuscogiuri et al.

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 telogen effluvium [57]. However, the hair loss is transient and
hair grows as well as weight stabilizes. An increased protein 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 intermediate-term weight loss and changes/improvement in
body composition patterns and glycemic and lipid profiles. 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 content (i.e., LCD and VLCD) of the same duration. The second finding is that a VLCKD is associated with a significant 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 HOMAIR index and an improvement in insulin sensitivity, and
this effect was superior to that of other weight loss programs. The fourth finding is that a VLCKD was associated with a reduction in total cholesterol and it was noted
to have a major effect in reducing the total cholesterol
VLCKD and Obesity

compared to other weight loss programs. In the same direction, 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 differences 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 validity of the conclusions. The studies included in this document were extremely well designed, including both randomized samples and appropriate control groups. Finally, the instruments used in all of the studies to assess the
anthropometric and metabolic outcomes have been amply validated and acknowledged in both clinical and research 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: dehydration-related disorders, transient hypoglycemia, halitosis, gastrointestinal disorders, hyperuricemia, and lipid profile changes. They are reported to be clinically mild
and often recovery occurs spontaneously. Side effects
could be prevented and managed by adhering to appropriate indications and contraindications for VLCKD, by
following well-organized and standardized protocols,
and by performing adequate clinical and laboratory monitoring; for instance, close lipid profile monitoring is important since VLCKD are high-fat low-carbohydrate adequate 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. Therefore, 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 diObes Facts 2021;14:222–245
DOI: 10.1159/000515381
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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 immediate and substantial weight loss. Therefore, VLCKD
can be prescribed targeting a specific population of patients with obesity after consideration of the potential
contraindications and under medical surveillance. However, 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 regain in the long term.
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