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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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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
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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-
icrate [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,
andatotal daily energyintake < 800kcal [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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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 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 a-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.
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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 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.

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 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 (HbA1lc)
(mean difference in HbAlc expressed in % between base-
line and the last available follow-up in the VLCKD group,
and comparison of changes in HbAlc 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
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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
OR9OR100OR100R 11 OR120R 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):

D=X,-X,

The SD of the difference between means was calculated using
the SEM for each reported mean (equation 2):

S8
n

SD =

n

1 2
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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 calcu-
late a weighted average of the overall mean differences from differ-
ent studies included in the model. Assessment of heterogeneity
was done using I? statistics as a measure of inconsistency to test
that variation in effect estimates is only due to chance. Acceptable
heterogeneity was determined at I* < 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),  Baseline weight status ~ Follow-up Other outcomes

years duration

Albanese [24] 2019 TItaly Retrospective con- n=178 (M =39; VLCKD: BW: 125.5+19.5 kg 3 weeks -
trolled F=139;72 VLCKD  43.4+12.1 BMI: 46.0+6.3

and 106 VLCD) VLCD: BW: 120.9+22.6 kg
43.5+11.8 BMI: 43.6+6.9

Bruci [25] 2020 Ttaly Prospective observa-  n=93 (M =23; 51.3+12.2 BW:92.40+18.31 kg 2-3months FM, FFM, glycemia, HbAlc,
tional noncontrolled F = 69) BMI: 33.85+5.84 cholesterol (total, LDL, and

HDL), and TG

Colica [26] 2017 Ttaly RCT* including more =40 (20 VLCKD 45.40+14.20 BW:77.43+7.12 kg 3 weeks Glycemia and HOMA-IR index
thana VLCKD arm  and 20 VLCKD + BMI: 29.42+2.24
but not controlled vs. amino acids of 50% BW: 82.23+14.60 kg
other diets proteins), and then BMI: 29.85+3.98

they were crossed over

de Luis [27] 2016 Spain RCT* including more 7 =29 (M =12; 44.3+11.7 BW:92.2+13.1 kg 6 months WC, FM, glycemia, HOMA-IR
than VLCKD arm F=17;15 VLCKD 47.449.1 BMI: 32.95+1.9 index, cholesterol (total, LDL,
but not controlled vs. and 14 VLCKD + BW: 92.05+8.7 kg and HDL), and TG
other diets DHA) BMI: 33.4+1.4

Goday [28] 2016  Spain RCT n=289 (M=31; 54.89+8.81 BW:91.47+11.43 kg 4 months WC, glycemia, HbAlc, HOMA-

F =58; 45 VLCKD 54.17+7.97 BMI: 33.3%1.5 IR index, cholesterol (total, LDL,
and 44 LCD) BW:90.0+11.3 kg and HDL), and TG
BMI: 32.9+1.6

Gomez-Arbelaez 2017  Spain Prospective interven- n=20 (M =8; 47.2£10.2 BW:95.9+16.3 kg 4 months WC, FM, and FFM

[29] tional noncontrolled F=12) BMI: 35.5+4.4

Gutiérrez-Repiso 2019 Spain RCT* including more n =33 (M = 13; 48.67+9.16 BW: 92.74+15.86 kg 4 months WC, FM, FEM, glycemia,

[30] thana VLCKD arm  F=20) 47.00+8.97 BMI: 32.82+1.76 HOMA-IR index, cholesterol
but not controlled vs. 38.22+11.27 BW: 95.71+9.46 kg (total, LDL, and HDL), and TG
other diets BMI: 32.96+1.47

BW: 90.58+10.83 kg
BMI: 33.14+1.47

Leonetti [31] 2015 TItaly Prospective n=>50(M=19; 47.4+11.2 BW: 150£26.3 kg 1 month WC, cholesterol (total, LDL, and
noncontrolled F=31) BMI: 53.5+8.4 HDL), and TG

Merra [13] 2016 Italy RCT n=18 (M =5; 45.40+16.36 BW: 99.78+4.57 kg 3 weeks WC, FM, and FFM

F=13;9 VLCKD 49.33+13.78 BMI: 33.69+3.51
and 9 VLCD) BW: 74.77+5.04 kg
BMI: 29.21+1.07
Moreno [32] 2014  Spain RCT n=>53(M=6; 44.4+8.6 BW:97.9+18.9 kg 12months ~ WC, FM, FEM, glycemia, HbAlc,
F = 48; 27 VLCKD 46.3+9.3 BMI: 35.1+4.5 cholesterol (total, LDL, and
and 26 LCD) BW:92.1+17.7 kg HDL), and TG
BMI: 35.1+5.3
Moreno [10] 2016  Spain RCT n=45 44.6+7.8 BW:99.1+19.7 kg 24 months  WC, FM, and VFM
(22 VLCKD and 45.6+9.6 BMI: 35.2+4.8
23 LCD) BW:90.6+17.8 kg
BMI: 34.5+5.0
Perticone [33] 2019  Italy RCT n=56(M=32; 42.6+6.6 BW: 113.9431.0 kg 12 months ~ WC, FM, FEM, glycemia, HbAlc,
F =24;28 VLCKD 50.9+13.3 BMI: 40.5+£10.8 HOMA-IR index, cholesterol
and 28 LCD) BW:107.5+18.5 kg (total, LDL, and HDL), and TG
BMI 38.8+4.5
Rubini [34] 2015 Italy RCT n=32 (16 VLCKD 51.4+12.4 BW: 82.0+12.4 kg 3.5months -
and 16 MD) 44.7+13.9 BMI: 29.3+2.8
BW:77.249.8 kg
BMI: 27.5+2.8.4
Sajoux [35] 2019  Spain Cohort controlled n=79 (M =20; 47.1£10.2 BW:96.0+16.3 kg 4-6 months  FM, FFM, and HOMA-IR index
F =59;20 VLCKD, 49.949.3 BMI: 35.5+4.4
20 LCD and 40.8+10.4 BW:93.0£13.2 kg
39 bariatric surgery) BMI: 35.8+4.5
BW: 121.3221.5 kg
BMI: 45.6+6.2

Valenzano [36] 2019  TItaly Prospective n=20(M=10; 48+8.2 BW:91.33+17.11 kg 8 weeks FM, FFM, HbA1c, cholesterol

noncontrolled F=10) BMI: 32.19+4.78 (total, LDL, and HDL), and TG

M, male; F, female; VFM, visceral fat mass; RCT, randomized controlled trial.
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Literature search.

Databases: PubMed and Science Direct
integrated to manual search results using
combined keywords (n=645)

A J

Y

Included (n=324)

Articles screened on basis of title and
abstract

* Duplicate records (n=321)

Excluded (n=252)
* NotinEnglish
* Not pertinent to overweight or
obesity

A J

A

Full text papers assessed for eligibility
(n=72)

* Dealing with overweight or obesity
but clearly not VLCKD

* Noinformation of interest for the
scope of our systematic review

Excluded (n=57)
* Review article (i.e. systematic or
narrative), consensus, protocol
study, etc.

Y
.

Y

Studies included in the
systematic review (n=15)

Diets other than VLCKD (i.e. VLCD,
VLCarbD etc.)
* VLCKD that do not satisfy our

VLCKD protocol

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

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

228 Obes Facts 2021;14:222-245
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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 im-
mediately after diet and immediately prebariatric surgery

Muscogiuri et al.



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 HbAlc (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 225 and a FM 225% in males and 230 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 syntheticamino acidsand aregular 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
wasobservedinbotharmsofdietarytreatment (VLCKD-1:
82.23 £ 14.60 vs. 77.62 + 12.37 kg; p = 0.00; VLCKD-2:
77.43+7.12vs.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 +
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2.2vs. 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 £ 17.5vs.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 yearsand BMI33.25 + 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), HbAlc (6.9 + 1.1 vs. 6.0 £ 0.7% total Hb; p <
0.0001), the HOMA-IR index (6.9 £ 44 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
ona 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<0.0l;arm2: 111.22 +£7.12vs.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 + 4.35vs. 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 £22.5kg; 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 cmy;
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 +
4.78kg; 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 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, HbAlc, 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 BMI40.5 + 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), HbAlc (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 £21.5mg/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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HbAlc (6.1 +1.4vs.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
2monthswas 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 (ie.,
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

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. ¢ 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. | 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)
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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 + 13.2vs. 87.6
+12.3kg; 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 FEM (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-
wentan 8-week nutritional intervention based ona VLCKD.
The VLCKD resulted in significant weight loss (91.33 +
17.11vs. 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-

after VLCKD. r Comparison of the mean change in glycemia (mg/
dL) between VLCKD and controls. s Change in HbAlc after
VLCKD. t Comparison of the mean change in HbAlc 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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Testfor overall effect Z= 4.66 (P < 0.00001) -100 -50 0 50 100
dd.
3

(Figure continued on next pages.)
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T T0
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference Mean Difference
IV, Fixed, 95% CI IV, Fixed, 95% CI

Gomez-Arhelaez 2017 o) 284 26 20 355 44 23 94%

Bruci 2020 25 2821 49 93 3385 584 93 178%
De Luis 2016 27 274 18 15 3295 19 15 243%
Deluis2016DHA 27 282 1.4 14 334 14 14 397%
Moreno 2014 32) 303 972 27 351 45 27 26%

Valenzano 2019 (zs) 2776 3.62 20 3219 478 20 6.2%

Total (95% Cl) 189 192 100.0%
Heterogeneity: Chi*=3.28, df=5 (P = 0.66), F= 0%
Test for overall effect: Z=16.45 (P < 0.00001)

-1.10[9.23,-4.97] =

-5.64 [-7.19,-4.09) S

-5.55-6.87,-4.23) -+

-5.20[-6.24,-4.16) L

-4.80 [-8.84,-0.76) —

-4.43[-7.06,-1.80] -
'

-5.48 [-6.14, -4.83]

Gutierrez-Repiso 2019_3 [3028.44 1.38 9 3314 147 9 128%
Gutierrez-Repiso 2019_1(30) 282 149 15 3282 176 15 136%

d.
T T0 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Morena 2014 [32] 758 a1 27 979 189 27 86% -2210[-30.01,-14.19)
Gomez-Arbelaez 2017 2g) 751 118 20 959 163 23 7.6% -2080[-29.23,-12.37]
De Luis 2016 [27] 718 114 15 922 131 15 7.0% -2040[-29.18,-11.81) e
De Luis 2016 DHA [27] 723 71 14 9205 87 14 156% -19.75[-25.63,-13.87) —
Sajoux 2019 [35) 766 1141 20 96 163 20 7.2% -19.40[-28.04,-10.76] I
Gutierrez-Repiso _2 (30) 76.63 12.83 9 9571 946 9 50% -19.08(29.49,-8.67) e TR
Goday 2016 [28) 76.8 91 45 9147 1143 45 296% -14.67[18.94,-10.40) -
Gutierrez-Repiso 2019_1(30)79.78 13.92 15 9274 1586 15 47% -12.96[-23.64,-2.28] —
Gutierrez-Repiso 2019_3 [30)77.62 8.22 9 9058 10.83 9 6.8% -1296(-21.84,-4.09) —=
Rubini 2015 [34] 748 117 16 82 124 16 77% -7.20[-15.55,1.15] ——Te
Total (95% CI) 190 193 100.0% -16.76 [-19.08, -14.43] L 2
Heterogeneity: Chi*= 11.97, df= 9 (P = 0.21); F= 25% F K y i
Testfor overall effect: Z=14.13 (P =< 0.00001) ot 23 o 25 50
e.
T T0 Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Moreno 2014 (32 272 16 27 351 45 27 102% -7.90[9.70,-6.10] -
Gomez-Arbelaez 2017 og) 278 28 20 355 44 23 85% -7.70[-9.90,-5.50] =
De Luis 2016 [27] 256 19 15 3295 19 15 126% -7.35[8.71,-5.99) =
De Luis 2016 DHA [27) 262 16 14 334 14 14 139% -7.20[8.31,-6.09] i
Gutierrez-Repiso _2 (30)  27.45 1.61 9 3296 1.47 9 122% -5.51[6.93,-4.09) -
Goday 2016 (28] 279 18 45 333 15 45 162% -540[6.08,-4.72) &

L

Total (95% CI) 154 157 100.0%
Heterogeneity: Tau®=1.13; Chi*= 27.05, df= 7 (P = 0.0003); F= 74%
Test for overall effect. Z=13.72 (P < 0.00001)

-4.70 [-6.02,-3.38)
-4.62[-5.79,-3.45]

-6.16 [-7.04, -5.28]

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 HbA1lcin %
total Hb, and the HOMA-IR index), and the lipid profile

VLCKD and Obesity

(Figure continued on next pages.)

(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).
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m™ T0 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Perticone 2019 (331 873 228 28 1139 M 28 236% -26.60([-40.85,-12.35) — R
Moreno 2014 (32) 78 91 27 979 189 27 76.4% -19.90[-27.81,-11.99] ——
Total (95% CI) 55 55 100.0% -21.48 [-28.40, -14.56] <
Heterogeneity: Chi*= 0.65, df=1 (P=0.42); F= 0% F - y i
Test for overall effect Z=6.09 (P < 0.00001) 50 & 0 5 50
g.

m™ T0 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Perticone 2019 [33) 333 972 28 405 108 28 103% -7.20[-12.58,-1.82) —
Moreno 2014 [32) 28 18 27 351 45 27 897% -7.10[-8.93-5.27)
Total (95% CI) 55 55 100.0% -7.11[-8.84,-5.38] ¢
Heterogeneity: Chi*= 0.00, df= 1 (P = 0.97); F= 0% F = t {
Test for overall effect. Z=8.05 (P = 0.00001) % 23 ¢ - 5
h.

VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pedicone 2019 33y -266 727 28 -82 46 28 137% -1840[-21.59,-1521] =
Goday 2016 [28) -1467 218 45 -505 267 44 148%  -9.62[-10.63,-8.61] -
Moreno 2014 [32) 137 87 27 -49 465 26 140%  -8.80[-11.60,-6.00) =
Sajoux 2019 [35) -11.8 466 20 -4 29 39 143%  -7.80[10.04,-5.56) —
Rubini 2015 [34] -85 4.42 16 -51 363 16 14.0% -3.40 [-6.20,-0.60) ==
Merra 2016 [13] -6.98 22 9 -597 22 9 14.4% -1.01 [-3.04,1.02] —r
Albanese 2019 [24] -58 389 72 -48 294 106 148% -1.00 [-2.06, 0.06] 1
Total (95% CI) 217 268 100.0%  -7.06[-11.16, -2.97] <l
Heterogeneity: Tau®= 29.22; Chi*= 225.21, df=6 (P < 0.00001); F= 97% -Z:U _110 0 1?0 210
Test for averall effect: Z= 3.38 (P = 0.0007)
i.
VLCKD Control Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Perticone 2019 [33) -7.2 275 28 -27 137 28 189% -4.50[-5.64,-3.36) =
Goday 2016 [28) -54 035 45 19 041 44 21.4% -350[-3.66,-3.34) o
Moreno 2014 [az) -48 206 27 -18 158 26 195% -3.00[3.99-2.01] S
Albanese 2019 [24] -24 1.02 72 12 0594 106 21.3% -1.20[1.50,-0.90) -
Merra 2016 [13] -2.33 167 9 -231 057 9 189% -002[1.17,113] .
Total (95% ClI) 181 213 100.0% -2.45[-3.88,-1.01] <
Heterogeneity: Tau*= 2.48; Chi*= 212,53, df = 4 (P < 0.00001); *= 98% T+ 5 5 v
Test for overall effect: Z= 3.35 (P = 0.0008)
i

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; I* =

0%) and a reduction of the BMI of -3.25 (95% CI -3.86 to
-2.63; 2 = 0%; Fig. 3a, b). In the same direction, at the

234
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(Figure continued on next pages.)

2-month follow-up a VLCKD was associated with a weight
loss of ~15.04 kg (95% CI -17.79 to —~12.29; I> = 0%) and a
reduction of the BMI of -5.48 (95% CI -6.14 to —4.83;
P =0%; Fig. 3¢, d). At the intermediate weight loss follow-
up, i.e., at the 4- to 6-month follow-up, a VLCKD was as-

Muscogiuri et al.



Testfor overall effect: Z=5.44 (P < 0.00001)

T TO Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Perticone 2019 [33) 95 17.4 28 1191 229 28 54% -2410[-34.75,-13.45)
De Luis 2016 [27] 874 74 15 109.2 78 15 9.8% -21.80[-27.24,-16.36) e
Gomez-Arhelaez 2017 [29] 886 101 20 1094 128 23 8.4% -20.80 [-27.65,-13.95) —_—
De Luis 2016 DHA [27] 891 52 14 1091 g 14 10.2% -20.00[-25.00,-15.00] =
Leonetti 2015 (31) 1259 16.3 48 145 156 50 8.9% -1910[-2542,-12.78] ——
Moreno 2014 [32] 928 g 27 1113 134 27 9.3% -18.50[-24.39,-12.61) -
Gutierrez-Repiso 2019_3[30]93.67 5.74 9 10967 6.3 9 9.7% -16.00[-21.57,-1043] —
Gutierrez-Repiso _2 [3p) 95,67 7.09 9 111.22 712 9 B6% -1555[22.11,-8.99] _—
Gutierrez-Repiso 2019_1[30]97.53 9.13 15 1104 1088 15 8.1% -12.87 [-20.06,-5.68] .
Goday 2016 [28) 961 76 45 1081 8.6 45 11.9% -12.00[-15.35,-8.65] _—
Merra 2016 [13) 984 591 9 1039 598 9 97% -5.50-10.99,-0.01) -
Total (95% CI) 239 244 100.0% -16.53 [-19.71, -13.36]) &
Heterogeneity: Tau®= 19.03; Chi*= 32,70, df= 10 (P = 0.0003); F= 69% 4 1 i
Test for overall effect: Z=10.22 (P = 0.00001) 50 25 0 5 50
k.
VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Moreno 2014 3z -18.5 37 -7 3.44 26 255% -11.50[13.24,-9.76) -
Perticone 2019 321  -241 544 28 -134 358 28 236% -10.70[-13.11,-8.29)] =
Goday 2016 [28] -12 1.1 45 -54 189 44 27.4% -6.60 [-7.35,-5.89] b
Merra 2016 [13) -55 28 9 -097 252 9 235% -4.53[-6.99,-2.07] ——
Total (95% CI) 109 107 100.0% -8.33 [-11.34, -5.33] ’
i 7= ChiF= = RF= + } I +
Heterogeneity, Tau®= 8.43; Chi*= 38.11, df= 3 (P < 0.00001); F=92% a0 a0 ) 0 2

m.

Heterogeneity: Tau®= 23.31; Chi*= 55.74, df= 11 (P < 0.00001), F= 80% F
Testfor overall effect: Z= 6.93 (P < 0.00001)

T TO Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Perticone 2019 [33] 31.4 8.6 28 513 169 28 71% -19.90[-26.92,-12.88]
Sajoux 2019 [35] 25.7 5.8 20 422 9.2 20 88% -16.50[21.27,-11.73] o
Gomez-Arbelaez 2017 (297 25.7 5.8 23 422 a1 23 91% -16.50[-20.91,-12.09] T
Moreno 2014 [32) 283 8.6 27 443 169 27 70% -16.00[-23.15,-8.85] e
De Luis 2016 [27] 16.8 4.2 15 303 6.1 15  96% -13.50[17.25,-9.75] -
Gutierrez-Repiso _2 (zg) 2363 5.39 9 3604 589 9 85% -12.41[17.63,-7.19) —_
Gutierrez-Repiso 2019_1[30)26.97  3.36 15 3899 835 15  9.0% -12.02 [16.57,-7.47] o
Bruci 2020 [25) 24.4 9 93 3563 9.93 93 102% -11.23[-13.95,-8.51] -
Gutierrez-Repiso 2019_3[30)24.33  5.33 9 342 435 9  9.0% -9.87 [14.36,-5.38] o
De Luis 2016 DHA [27) 26.3 53 14 344 53 14 9.4% -8.10[-12.03,-4.17) -
Merra 2016 [13) 3479 938 9 3724 93 9 6.0% -2.45[-11.08,6.18] -
Valenzano 2019 [38) 39.2 1433 20 27.38 1217 20 6.3% 11.82 [3.58, 20.06] ———
Total (95% CI) 282 282 100.0% -11.12[-14.26,-7.97] L 2

-50

sociated with a weight loss of -16.76 kg (95% CI -19.08 to
-14.43; I> = 25%) and a reduction of the BMI of -6.16 (95%
CI -7.04 to -5.28; I? = 74%; Fig. 3e, ). 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; I = 0%) and a reduc-
tion of the BMI of -7.11 (95% CI -8.84 to —5.38; I* = 0%;

VLCKD and Obesity

(Figure continued on next pages.)

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;
I? = 97%; p = 0.0007) and BMI (-2.45; 95% CI -3.88 to
-1.01; I? = 98%; p = 0.0008; Fig. 3i, j).
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VLCKD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Perticone 2019 (33 -199 358 28 65 2681 28 255% -13.40[-15.04,-11.76) -
Sajoux 2019 [35] -16.5 243 20 -39 147 59 261% -1260[-13.73,-11.47) =
Moreno 2014 [32] -16 3.65 27 -56 21N 26 254% -1040[1213,-8.67] -
Merra 2016 [13] -2.45 441 9 -247 1.71 9 229% 0.02[-3.07,3.11] = =
Total (95% CI) 84 122 100.0%  -9.35[-13.29, -5.41] i
Heterogeneity: Tau®= 15.11; Chi*= 63.74, df= 3 (P < 0.00001); F= 95% -150 -1:0 3 1:|:| 2:0
Test for overall efiect: Z= 4.66 (P = 0.00001)
n.

™ T0 Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bruci 2020 [25)] 5242 1089 93 56.77 134 93 379% -435[-7.86,-0.84)] ——
Gomez-Arbelaez 2017 2g) 49 9.7 23 528 102 23 141% -3.80[-9.55,1.95) I~
Sajoux 2019 [35) 491 9.7 20 528 103 20 121% -3.70[-9.90, 2.50] _—
Gutierrez-Repiso _2 [39] 55.98 98 9 5967 11.31 9 49% -3.69[-13.47,6.09 —
Gutierrez-Repiso 2019_3 [30153.29 10.45 9 564 1169 9 44% -311[13.35713] =
Moreno 2014 (32 453 156 27 483 1649 7 6.2% -3.00[-11.68, 5.68] —
Gutierrez-Repiso 2019_1 [30152.05 13.16 15 5419 13.03 15 53% -214[11.51,7.23] =
Valenzano 2019 (35) 4509 167 20 4879 1712 20 4.2% -0.70[11.18,9.79)
Merra 2016 [13] 5493 B96 9 53.01 1286 9 44% 1.92[8.32,12.16] ]
Perticone 2013 [33) 627 156 28 591 169 28 6.4% 36004921212 —
Total (95% CI) 253 253 100.0% -2.96[-5.12,-0.80] <
Heterogeneity. Chi®*= 4.12, df=9 (P =0.90), = 0% " + = } t +
Test for overall effect: Z= 2.69 (P = 0.007) 2l 18 0 Lo L
0.

VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Moreno 2014 [32) -3 443 27 0 3.26 26 255% -3.00[-5.09,-0.91] -
Sajoux 2019 [35) -3.7 316 20 14 211 59 26.3% -2.30[3.79,-0.81] =
Perticone 2019 [33) 36 435 28 -08 314 28 256% 4.40(2.41,6.39] -
Merra 2016 [13) 1.92 5122 9 -33 144 9 226% 5.22[1.68, 8.76] -
Total (95% CI) 84 122 100.0%  0.94[-3.10,4.97]
Heterogeneity: Tau®= 15.49; Chi*= 44.18, df= 3 (P < 0.00001); F= 93% :-SU _255 5 255 505
Test for overall effect. Z= 0.46 (P = 0.65)
p.

(Figure continued on next pages.)
Body Composition FM from baseline was observed after a VLCKD (-11.12

A significant reduction of WC from baseline was ob-
served after VLCKD (-16.53 cm; 95% CI -19.71 to
-13.36; I = 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; I> = 92%; p < 0.00001;
Fig. 31). In the same direction, a significant reduction of
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kg; 95% CI -14.26 to -7.97; I> = 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; I> = 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; I> = 0%),
this was not significantly different from the reduction in

Muscogiuri et al.



™ T0 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Goday 2016 [28) 1089 204 45 136 344 45 33% -27.10[-38.79,-15.41) ——
De Luis 2016 DHA [27] 89 I47 4 14 105 175 14 45% -16.00[26.02,-5.98] -
Colica 2017 [25) 7568 16.04 20 8847 775 20 7.4% -12.79[-20.60,-4.98] =
De Luis 2016 [27] 88.9 79.28 15 1016 11.3 15 0.3% -12.70[-53.23,27.83) —
Perticone 2019 (33 935 137 28 1058 326 28 26% -12.30[-25.40,0.80] =1
Colica 2017 AA [25] 79.28 973 20 88.83 11.89 21 10.2% -9.55[16.19,-2.91] —
Moreno 2014 [32) 90.79 12.34 27 9956 28.3:1 27 3.3% -8.77 [-20.42, 2.88] —
Gutierrez-Repiso 2019_3 39 71 6.18 9 7878 6.03 9 142% -7.78[13.42,-2.14) -
Bruci 2020 [25) 88.25 10.24 93 9532 13.26 93 38.9% -7.07 [10.47,-3.67] L
Gutierrez-Repiso _2 30 7467 716 9 80.33 888 9 8.1% -5.66 [13.11,1.79] -
Gutierrez-Repiso 2019_13081.73 1197 15 86.53 10.28 15 7.1% -480[-12.78,3.18) =5
Total (95% CI) 295 296 100.0% -8.85[-10.97, -6.72] +
Heterogeneity: Chi*= 15.53, df= 10 (P=0.11); F= 36% k ' y i
Test for overall effect: Z=8.16 (P < 0.00001) 100 50 0 A0 100
q.
VLCKD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goday 2016 [28) -271 596 45 172 7.46 44 335% -9.90[-12.71,-7.09) -
Moreno 2014 [32) -8.77 504 27 23 27 26 33.9% -6.46[-8.93,-3.99) ——
Perticone 2019 337 -12.3 6.68 28 -156 6.53 28 32.6% 3.30[-0.16, 6.76) —
Total (95% CI) 100 98 100.0% -4.43 [-11.39,2.52] e
Heterogeneity; Tau®= 35.52; Chi*= 34.85, df= 2 (P < 0.00001); F= 94% b t t i
Test for overall effect Z=1.25 (P = 0.21) =) =10 . L 20
r.
T TO Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goday 2016 [28] 6 07 45 69 11 45 18.0% -0.90[1.28,-0.52) ——
Perticone 2019 [33) 52 0415 28 61 14 28 138% -090[-1.42-0.39)
Bruci 2020 25 533 039 93 565 0.81 93 247% -0.32[-050,-014) -
Valenzano 2019 (3s) 5.38 0.33 20 565 039 20 234% -0.27[-049,-0.05) —
Moreno 2014 [32) 549 038 27 55 076 27 201%  -0.01[-0.33,031) e
Total (95% Cl) 213 213 100.0% -0.43[-0.70,-0.16] >
Heterogeneity: Tau?= 0.07; Chi*=17.20, df= 4 (P = 0.002); F= 77% 12 -1 5 1F é
Test for overall effect. Z=3.10 (P = 0.002)
S.

(Figure continued on next pages.)

FFM caused by other weight management interventions
(p = 0.65; Fig. 30, p).

Glycemic Profile

In terms of fasting glycemia, a significant reduction of
-8.85 mg/dL (95% CI -10.97 to —6.72; I* = 36%) was ob-
served 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
HbA1lc (-0.43%; 95% CI -0.70 to —-0.16; I = 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
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VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goday 2016 [28) -08 019 45 -04 019 44 339% -050[-0.58,-0.42] -
Mareno 2014 [a2) -0.01 0186 27 0.37 0.09 26 34.0% -0.38[0.45,-0.31)] =
Perticone 2019 [33) -09 027 28 11 029 28 321% 0.20 [0.05, 0.35) —
Total (95% CI) 100 98 100.0% -0.23[-0.54,0.07] i
Heterogeneity: Tau®= 0.07; Chi*= 68.32, df= 2 (P < 0.00001); F=97% :_2 1 5 1 2l
Test for overall effect Z=1.49 (P=0.14)
t.
™ T0 Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Perticone 2019 [33) 26 02 28 73 07 28 107% -4.70[-4.97,-4.43] -
Goday 2016 28] 35 1.9 45 69 44 45  94% -3.40[-4.80,-2.00] —
Sajoux 2019 [35] 1.71 0.57 20 443 237 20 99% -2.72[3.79,-1.65] —_—
De Luis 2016 DHA (27 1.2 04 14 38 19 14 100% -2.60[-3.62,-1.58] —
Colica 2017 AA [26] 1.44 0.75 20 38 285 21 9.6% -2.36[-3.62,-1.10] =
De Luis 2016 [27] 1 06 15 31 22 15 98% -2.10[-3.25,-0.95] -
Colica 2017 [26) 1.36 0.86 20 335 1.45 20 104% -1.99[-2.73,-1.25] >
Gutierrez-Repiso 2019_3 (30143 07 9 272 181 9 96% -1.29[-2.56,-0.02] == |
Gutierrez-Repiso 2019_1 (30)2.01 0.72 15 292 15 15 102% -0.91 [-1.75,-0.07] —
Gutierrez-Repiso _2 [30] 1.47 0.34 9 238 1.07 9 104% -0.91[1.64,-0.18] )
Total (95% CI) 195 196 100.0% -2.30[-3.50, -1.11] -
Heterogeneity: Tau® = 3.45; Chi*= 201.85, df = 9 (P < 0.00001); F= 96% 5_1 0 _%5 3 é ‘IIJI
Test for overall effect Z= 3.77 (P = 0.0002)

u.

VLCKD Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Goday 2016 (28] -34 071 45 -1.2 058 44 329% -2.20[2.47,-1.93] -

Sajoux 2019 [35) -272 055 20 -163 023 59 331% -1.09[1.34,-0.84] -

Perticone 2019 [33] -47 014 28 -39 019 28 341% -0.80[0.89,-0.71) L

Total (95% CI) 93 131 100.0% -1.36 [-2.14, -0.57] -

Heterogeneity. Tau®= 0.47; Chi*= 95.44, df= 2 (P < 0.00001); F=98% .14 h ) 2 &
Test for overall effect: Z= 3.38 (P = 0.0007)

V.

-3.50 to —1.11; I = 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; = 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; I? = 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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(Figure continued on next pages.)

weight loss interventions (95% CI -9.71 to —4.55; P =
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; I = 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-
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Mean Difference Mean Difference

Test for overall effect: Z=5.42 (P < 0.00001)

X.

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Yalenzano 2019 [3g) 173.91 3293 20 22013 507 20 4.3% -46.22[72.72,-19.72)
De Luis 2016 [27] 1834 312 15 2124 378 15 49% -29.00[-53.80,-4.20)
Bruci 2020 184.46 4117 93 20691 4565 93 19.4% -22.45(-34.94,-9.96] ——
Pericone 2019 172.7 21 28 1923 27 28 189% -1960[-32.27,-6.93) —a—
De Luis 2016 DHA [27) 1771 432 14 1958 419 14  31% -18.70[50.22,12.82) =
Gutierrez-Repiso _2 [3p) 190.22 29.21 9 20666 2819 9 4.3% -16.44[-42.96,10.08) =
Leonetti 2015 [a1) 157.7 294 48 172 378 50 169% -14.30[-27.68,-0.92) _——
Moreno 2014 [32) 1932 453 27 2072 383 27 6.1% -14.00 [-36.38, 8.38) —1
Goday 2016 [28] 1875 463 45 20041 36 45 103% -1260[-29.74,4.54) S
Gutierrez-Repiso 2019_1[30]192.93 2368 15 19886 2994 15 8.1% -5.93[-25.25,13.39) —
Gutierrez-Repiso 2019_3(30/197.77 25.53 9 201.22 36.25 9  36% -3.45[3242,2552) . —
Total (95% CI) 323 325 100.0% -17.95[-23.46,-12.44] L 2
Heterogeneity: Chi*= 8.94, df= 10 (P = 0.54); *= 0% t t + |
Test for overall effect: Z= 639 (P = 0.00001) -100 50 0 %0 100
Ww.
VLCKD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mareno 2014 [32) -14 11.42 27 1.9 1089 26 18.8% -1210[-18.05,-6.15 ———
Perticone 2019 [33) -19.6 6.46 28 -121 104 28 33.7% -7.50[-11.94,-3.06) —
Goday 2016 [28) -126 874 45 77 925 44 47.5%  -4.90[-8.64,-1.16) —i—
Total (95% CI) 100 98 100.0%  -7.13[-9.71, -4.55] <
Heterogeneity: Chi*= 4.07, df=2 (P=013); F=51% 1_20 _110 ) 1:0 20:

Test for overall effect: Z=3.62 (P=0.0003)
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T TO Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bruci 2020 25) 117.38 3865 93 12017 4292 93 17.4% -2.79[-14.53,8.959] —
De Luis 2016 [27) 1192 289 15 1394 33 15 49% -20.20 [-42.40, 2.00)
De Luis 2016 DHA (27) 1089 355 14 1176 358 14 34% -B70[35.11,17.71] —
Goday 2016 (28 1106 384 45 1127 336 45 108% -210[17.01,12.81] ===
Gutierrez-Repiso 2019_1(30]110.87 25.93 15 11604 255 15 71% -517 [-23.57,13.23) —
Gutierrez-Repiso 2019_3 (3011802 218 9 1248 36 9 3.2% -6.78[-34.28,20.72) —
Gutierrez-Repiso _2 [3) 108 19.53 9 1261 255 9 54% -18.10[-39.08, 2.88] B
Leonetti 2015 [31) 90.7 275 48 913 258 50 21.4% -0.60[-11.17,9.97] —
Moreno 2014 (32 1051 335 27 1187 357 27 7.0% -1360[-32.07,4.87] —=
Perticone 2019 [33] 109.3 296 28 1269 205 28 135% -17.60[30.94,-4.26) T
Valenzano 2019 [3g) 107.57 27.72 20 141.83 36.48 20 59% -34.26[-54.34,-14.19]
Total (95% Cl) 323 325 100.0%  -9.04 [-13.94, -4.15] &
Heterogeneity: Chi*=14.13,df=10 (P = 0.17); F= 29% f 1 y ;

terventions we noticed a significant difference between
the two (+3.14; 95% CI 0.70-5.59; I> = 84%; p = 0.01;
Fig. 3aa, 3bb). Finally, a significant reduction in TG
(-49.68 mg/dL: 95% CI -58.81 to -40.55; I = 55%) was
observed after a VLCKD. The reduction of TG was larger
aftera VLCKD (~-29.90 mg/dL; 95% CI -42.47 to -17.32;
I> = 89%; p < 0.00001) compared to other diets (Fig. 3cc,
dd).

VLCKD and Obesity

(Figure continued on next page.)
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
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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, p-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-

Obes Facts 2021;14:222-245
DOI: 10.1159/000515381

240

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 B-oxidation disorders, and pyruvate carbox-
ylase 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 reintro-

stage 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, y-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
B-hydroxybutyrate (capillary blood or urine) X
TSH and FT4 X
Complete urinalysis and microalbuminuria (urine) X X X X

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

VLCKD and Obesity

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.
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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.
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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
HbAlc, 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

VLCKD and Obesity

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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