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Abstract
Very low calorie ketogenic diet (VLCKD) has been proposed as a promising option to achieve a significant weight loss in a short
time period. We conducted a systematic review and meta-analysis to evaluate its efficacy and safety in patients with overweight
and obesity. Four databases were searched on May 2019. Studies reporting data on body weight, body mass index (BMI), waist
circumference, body composition, blood pressure, HbA1c, lipids, and markers of liver and kidney function were selected.
Discontinuation was also assessed. Twelve studies were included. VLCKD was associated with weight losses of −10.0 kg
(I2 = 6%) and − 15.6 kg (I2 = 37%) in studies with a ketogenic phase up to and of at least four weeks, respectively. The weight
lost during the ketogenic phase was stable in the subsequent follow-up up to two years (p = 0.12). Also, VLCKD was associated
with reductions of BMI (−5.3 kg/m2), waist circumference (−12.6 cm), HbA1c (−0.7%), total cholesterol (−28 mg/dl), triglyc-
erides (−30 mg/dl), AST (−7 U/l), ALT (−8 U/l), GGT (−8 U/l), systolic and diastolic blood pressure (−8 and − 7 mmHg,
respectively). No changes in LDL cholesterol, HDL cholesterol, serum creatinine, serum uric acid and serum potassium were
found. Serum sodium increased during VLCKD (+1.6 mEq/l). The overall prevalence of patients discontinuing VLCKD was
7.5% and this was similar to patients undergoing a low calorie diet (p = 0.83). The present review supports the use of VLCKD as
an effective strategy for the management of overweight and obesity. Future guidelines should include a specific recommendation
for this intervention.
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1 Introduction

Obesity represents one of the major public health issues
worldwide since associated with several diseases, including
type 2 diabetes mellitus (T2DM), coronary heart disease, ce-
rebral vasculopathy, arterial hypertension, and dyslipidemia,
which contribute to a reduction of both life quality and expec-
tancy [1]. Over the past 40 years, there has been a rapid in-
crease in the global rates of obesity in both men and women,
which has further increased the burden of this disease [2, 3].
Nevertheless, the achievement of a weight loss of at least 5–
10% is associated with significant clinical benefits on most of
the obesity-related comorbidities [4–9]. In order to achieve
this target, several strategies are available. These include
peer-reviewed and approved lifestyle modification programs,
protocolled diets, medications, and surgery. Particularly, bar-
iatric surgery is characterized by the highest efficacy, but
costs, requirement of skilled operators and limited indications
make this procedure sustainable for a very small percentage of
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patients [10]. Also, a treatment gap exists for those patients
who do not respond adequately to lifestyle interventions with
or without drugs and who are not viable candidates for or
refuse bariatric surgery [11].

In the context of protocolled diets, the very-low-calorie
ketogenic diet (VLCKD) has been found to be promising.
This diet is generally characterized by a multiphase protocol,
including an active, a metabolic stabilization and a mainte-
nance stage. First, patients are started on a short period of
calories and carbohydrates restriction (<700-800 kcal/day,
<30-50 g/day, 13-25% of total calories), with an amount of
protein equivalent to 0.8-1.2 g/day per kg of ideal body
weight. This first step usually lasts up to 12 weeks and is
associated with increased ketone bodies production by the
liver, delivering lipid-derived energy to extrahepatic organs
(e.g., heart, kidney, skeletal muscle, central nervous system),
where they act as an alternative fuel source [12, 13].
Moreover, ketogenesis appears to be the main mechanism
responsible for the anorexigenic effect correlated with a high
compliance and motivational spur to this treatment [14]. Then,
a gradual reintroduction of protein foods is performed, still
keeping the overall calories below 700-800 kcal/day. In the
second and third phases, calories and carbohydrates are grad-
ually raised to a low-calorie and, then, to a balanced diet with a
daily intake of 800-1500 and 1500-2250 kcal, respectively,
depending on the characteristics of patients [15, 16]. All in
all, the temporary significant restriction of both calories and
carbohydrates associated with an adequate protein intake al-
lows for a fast and consistent weight loss, fat loss (particularly
visceral fat), sparing of free fat mass, inhibition of hunger and
craving. The subsequent steps are needed to allow a stabiliza-
tion of these changes [17–19].

Even if a number of studies investigated the efficacy of
VLCKD in patients with overweight and obesity, a high-
quality evidence is currently lacking. Also, the use of different
acronyms standing for VLCKD and the overlapping use of the
term “VLCKD” to indicate protocols other than the one de-
scribed above has generated some confusion in the scientific
community. Very-low-calorie ketogenic diet was reported as
VLCK by some authors [20, 21]. A number of studies have
been published on the very-low-carbohydrates ketogenic diet
and the same abbreviation was used, although the former is
characterized by a higher calorie intake [22]. Very-low-calorie
ketogenic diet was described as very-low-carbohydrate keto-
genic diet by other authors [23]. Also, in the context of keto-
genic diets, other protocols have been proposed, including
isocaloric ketogenic diet (ICKD) and high-fat ketogenic diet
(HFKD). The aim of ICKD is the ketosis without any impact
on body weight; thus, they have been evaluated in patients
with epilepsy or cancer [24, 25]. On the other hand, HFKD
should be considered synonym of very-low-carbohydrate ke-
togenic diet: to reach ketosis, the carbohydrate intake should
be limited and calories given through other macronutrients,

either fat or protein; increasing protein intake leads to gluco-
neogenesis and thus the inhibition of ketosis, therefore only
very-low-carbohydrate high-fat but not high-protein diets can
be ketogenic [26]. Simply putting together all the different
protocols above under the definition “ketogenic diet” would
be associated with a relevant bias and, possibly, to mistakes in
the interpretation of the available evidence [27] (Table 1).
Therefore, we believe that a sound and clear information on
this topic may significantly help to define the role of VLCKD
in clinical practice. Accordingly, we performed a systematic
review and meta-analysis focusing on the efficacy of this in-
tervention on body weight loss as well as on the main comor-
bidities, including hypertension, dyslipidemia, T2DM, and
non-alcoholic fatty liver disease (NAFLD). The safety of this
diet was also assessed.

2 Materials and methods

The systematic review was registered in PROSPERO (regis-
tration number CRD42019131738) and performed in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [28].

2.1 Search strategy

A six-step search strategy was planned. Firstly, we searched
sentinel studies in PubMed. Secondly, we identified keywords
and MeSH terms in PubMed. Thirdly, the terms “ketogenic”,
“calorie” and “VLCKD”were searched in PubMed in order to
test the strategy. Fourthly, CENTRAL, Scopus and Web of
Science were searched with the same strategy. Fifthly, studies
evaluating VLCKD in adult patients with overweight and obe-
sity were selected. Studies reporting less than 15 patients were
excluded. Lastly, references of included studies were searched
for additional papers. The last search was performed on
May 14th, 2019. No language restriction was adopted. Two
investigators (MC, PT) independently searched papers,
screened titles and abstracts of the retrieved articles, reviewed
the full-texts, and selected articles for their inclusion.

2.2 Data extraction

The following information was extracted independently by
the same investigators in a piloted form: 1) general informa-
tion on the study (author, year of publication, study name,
study type, follow-up period, number of patients, age, sex,
inclusion criteria, protocol for VLCKD and comparator); 2)
end-points, including body weight, body mass index (BMI),
waist circumference, body composition, blood pressure,
HbA1c, lipids, markers of hepatic and kidney function; 3)
number of discontinued patients. The main papers and supple-
mentary data were searched; if data was missing,
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corresponding authors were contacted via email. Data were
cross-checked, and any discrepancy was discussed.

2.3 Study quality assessment

The risk of bias of included studies was assessed independent-
ly by two reviewers (MC, EC). For observational studies, the
National Heart, Lung, and Blood Institute Quality Assessment
Tool was used, and the following aspects evaluated: study
question; eligibility criteria; description and delivering of in-
tervention; definition of outcome measures; sample size cal-
culation; blinding; duration of follow-up; loss to follow-up;
statistical methods; funding. Each domain was assigned ab-
sence, unclear or possible risk of bias [29]. For randomized
controlled trials (RCT), the Cochrane Collaboration’s tool for
assessing risk of bias was used and the following aspects
evaluated: random sequence generation; allocation conceal-
ment; blinding of participants and personnel; blinding of out-
come assessment; incomplete outcome data; selecting
reporting. For other bias, funding was assessed. Each domain
was assigned low, unclear or high risk of bias [30].

2.4 Data analysis

The primary outcome was the change in body weight from
baseline to the last available follow-up on VLCKD.
Secondary outcomes included changes in BMI, waist circum-
ference, body composition, blood pressure, heart rate, HbA1c,
lipids, markers of hepatic and kidney function from baseline
to the last available follow-up. Also, the change in body
weight from the end of the ketogenic phase to the last avail-
able follow-up on VLCKD was assessed. The number of
discontinued patients was analyzed. All endpoints were ana-
lyzed as continuous variables and summarized as weighted
mean difference. The last one as dichotomous, and the pro-
portion was estimated. A comparison with diets other than
VLCKD was attempted; endpoints were summarized as
weighted mean difference and relative risk (RR), respectively.
If standard deviation was missing in a study for a specific
outcome, it was calculated from standard error, 95% confi-
dence interval or from interquartile range; if none of these
were available, the largest among the other studies was

reported. A subgroup analysis based on the duration of the
ketogenic phase was performed, with an arbitrary cut-off of
four weeks. Heterogeneity between studies was assessed by
using I2, with 50% or higher regarded as high. Publication bias
was assessed with Egger’s test; the trim-and-fill method was
used for estimating its effect. All analyses were two-sided and
were carried out using RevMan5.3 (The Cochrane
Collaboration) and Prometa3.0 (Internovi) with a random-
effect model; p < 0.05 was regarded as significant.

3 Results

3.1 Study characteristics

A total of 816 papers were found, of which 161 on PubMed,
58 on CENTRAL, 281 on Scopus and 316 onWeb of Science.
After removal of 383 duplicates, 433 articles were analyzed
for title and abstract; 349 records were excluded (intervention
other than VLCKD; performed in patients other than adults
with overweight or obesity [i.e. with epilepsy, multiple scle-
rosis, migraine, cancer, inflammatory bowel disease, or pedi-
atric], case reports, case series, not in humans). The remaining
84 papers were retrieved in full-text and 12 articles corre-
sponding to 11 studies were finally included in the systematic
review (Fig. 1) [16, 17, 20, 21, 23, 31–37]. One additional
study was retrieved from a personal database [38].

3.2 Study quality assessment

The risk of bias of the included studies is shown in the
Electronic Supplementary Material. Concerning the observa-
tional studies, statement of the study question, eligibility
criteria, description and delivering of intervention, definition
of outcome measures, duration of follow-up, loss to follow-
up, and statistical methods were adequate in all. No data on
sample size calculation was reported. In one study outcome
measures were not taken multiple times [23]. Except for one
study, outcome assessors were not blinded to the intervention
[37]. Finally, three studies were funded by industry [17, 23,
33]. Concerning the four RCTs, no information on random
sequence generation and allocation concealment was reported.

Table 1 Characteristics of diets based on restriction of calorie and carbohydrates intake, ketosis and body weight loss

Very-low-calorie
ketogenic diet

Very-low-carbohydrate
ketogenic diet / High-fat
ketogenic diet

Very-low-
calorie diet

Low-calorie diet Isocaloric
ketogenic diet

Calorie restriction (<800 kcal/day) Yes No Yes No No

Carbohydrates restriction (<50 g/day) Yes Yes No No Yes

Ketosis Yes Yes No No Yes

Body weight loss Yes Yes Yes Yes No
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Three studies used an open-label design; since a double-blind
protocol could have been adopted, the blinding of participants
and personnel bias was rated as high [16, 20, 21, 36]. On the
other hand, blinding of outcome assessment was rated as low
since outcome measurement was not likely to be influenced
by lack of blinding (i.e. change in body weight). Finally, three
studies were funded by industry [16, 20, 21, 36].

3.3 Qualitative analysis (systematic review)

The characteristics of the included articles are summarized in
Table 2. The studies were published between 2001 and 2019,
had sample sizes ranging from 20 to 178 patients, and a
follow-up from three weeks to two years. Four studies were
randomized controlled trials, five prospective cohort, and one
retrospective cohort; the design was not clearly state in two
papers [23, 37]. The characteristics of VLCKD is reported in
the Electronic Supplementary Material. The duration of the
ketogenic phase was up to four weeks in six studies [23,
31–35]. VLCKD was compared with very-low-calorie diet
(VLCD) and low-calorie diet (LCD) in one and three studies,
respectively [16, 20, 21, 31, 33]. Participants were adult out-
patients diagnosed with overweight and obesity; the only

exception was the study by Albanese et al., 2019, in which
patients aged from 14 to 70 years were included [31]. Three
studies specifically evaluated patients with already planned
bariatric surgery [31, 33, 35]. Eight hundred and one patients
were included, 69% were females. The weighted-mean age
was 46.1 ± 10.9 years, the weighted-mean body weight
110.9 ± 28.6 kg, and the weighted-mean BMI 40.7 ± 8.9 kg/
m2. Five hundred and ninety-five were treated with VLCKD,
while 106 with VLCD and 100 with LCD.

3.4 Quantitative analysis (meta-analysis)

The primary outcome was the change in body weight from
baseline to the last available follow-up. VLCKD was associ-
ated with weight losses of −10.0 kg (95%CI -13.2 to −6.8;
I2 = 6%) and − 15.6 kg (95%CI -19.2 to −12.1; I2 = 37%) in
studies with a ketogenic phase up to and of at least four weeks,
respectively (Fig. 2). This was similar to VLCD (p = 0.80), but
higher than LCD (p = 0.002) (Fig. 3). In the overall analysis,
8.5 kg out of 12.5 kg of body weight loss was represented by
fat mass (66%) (Table 3). Also, the body weight lost during
ketogenic phase was stable in the subsequent follow-up up to
two years (p = 0.12) (Fig. 4).

Fig. 1 Flow-chart of the systematic review
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VLCKD was associated with reductions in BMI of
−4.2 kg/m2 (95%CI -6.4 to −2.0; I2 = 77%) and − 6.2 kg/m2

(95%CI -7.4 to −4.9; I2 = 73%) in studies with a ketogenic
phase up to and of at least four weeks, respectively (Fig. 5).
Furthermore, it was associated with a reduction in waist cir-
cumference of −9.7 cm (95%CI -13.1 to −6.3; I2 = 67%) and
− 15.6 cm (95%CI -20.3 to −10.9; I2 = 76%) in studies with a
ketogenic phase up to and of at least four weeks, respectively
(Fig. 6). Finally, it was associated with reductions in HbA1c,
total cholesterol, triglycerides, AST, ALT, GGT, systolic
blood pressure (SBP), and diastolic blood pressure (DBP).
No change in LDL cholesterol, HDL cholesterol, serum

creatinine, serum uric acid, and serum potassium were found.
Serum sodium increased during VLCKD (Table 3, Electronic
Supplementary Material).

The overall prevalence of patients discontinuingVLCKD
was7.5%.Compared toLCD,VLCKDwas associatedwith a
RR of discontinuation of 0.9 (95%CI 0.6 to 1.5; I2 = 0%)
(Fig. 7). In the VLCKD arm, four patients dropped out due
to intervention-related adverse events (nausea, vomiting),
one because of pregnancy, one underwent surgery, one
showed poor compliance, while in all the remaining patients
the decision was based on personal choice or reasons unre-
lated to the study.

Table 2 Characteristic of included studies

First Author, year Country Study
design

Intervention Comparator Follow-up
(weeks)

Duration of
ketogenic phase
(weeks)

Patients
(n)

Inclusion criteria

Studies with duration of ketogenic phase up to four weeks

Albanese et al.,
2019 [31]

Italy RCS VLCKD VLCD 3 3 178 14-70 years, planned bariatric
surgery

Castaldo et al.,
2016 [32]

Italy PCS VLCKD – 9 3 73 18-70 years, BMI ≥ 30 kg/m2

Leonetti et al., 2015
[33]

Italy PCS VLCKD LCD 4 1.5 80 18-67 years, BMI > 40 kg/m2,
planned bariatric surgery

Merra et al., 2016
[34]

Italy RCT VLCKD – 3 3 18 18-65 years, BMI ≥25 kg/m2,
percentage of body fat ≥25
for males, and ≥ 30 for
females

Ministrini et al.,
2019 [23]

Italy – VLCKD – 3.6 3.6 52 18-65 years, BMI > 40
kg/m2 or BMI > 35 kg/m2 and
obesity related comorbidities

Pilone et al., 2018
[35]

Italy PCS VLCKD – 4 1.5 119 18-62 years, BMI > 40 kg/m2,
planned bariatric surgery

Studies with duration of ketogenic phase of at least four weeks

Basciani et al.,
2015 [38]

Italy PCS VLCKD – 24 4 24 18-50 years, BMI 30-40 kg/m2

de Luis et al., 2016
[36]

Spain RCT VLCKD* – 24 8 29 18-65 years, BMI 30-35 kg/m2,
stable body weight in the
previous 3 months,
desire to lose weight

Goday et al., 2016
[21]

Spain RCT VLCKD LCD 16 4-6 89 30-65 years, BMI 30-35 kg/m2, type
2 diabetes mellitus

Gomez-Arbelaez
et al., 2017 [17]

Spain PCS VLCKD – 16 8-12 20 18-65 years, BMI ≥ 30 kg/m2, stable
body weight in the
previous 3 months, desire
to lose weight, history of
failed dietary efforts

Krotkiewski et al.,
2001 [37]

Sweden – VLCKD – 4 4 66 BMI > 30 kg/m2

Moreno et al.,
2014 + 2016 [16,
20]

Spain RCT VLCKD LCD 104 4-8 53 18-65 years, BMI ≥ 30
kg/m2, stable body
weight in the previous
3 months, desire to lose weight,
history of failed dietary efforts

* in de Luis et al., 2016 docosahexaenoic acid was prescribed to a subgroup of patients on VLCKD. BMI, bodymass index; LCD, low-calorie diet; PCS,
prospective cohort study; RCS, retrospective cohort study; RCT, randomized controlled study; VLCD, very-low-calorie diet; VLCKD, very-low-calorie
ketogenic diet; −, not retrieved
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There was no evidence of publication bias, except for
change in body weight on VLCKD versus other diets and
change in total cholesterol on VLCKD; the trim-and-fill meth-
od did not change the statistical significance of these results
(Electronic Supplementary Material).

4 Discussion

The aim of this systematic review and meta-analysis was to
identify the best available evidence on the efficacy and safety
of VLCKD in overweight and obesity management. Twelve
studies were found, including 801 adult patients. The overall
results of our meta-analysis showed a high efficacy of
VLCKD on body weight, BMI, and waist circumference.
Results obtained early during the ketogenic phase were stable
during a follow-up up to two years. Also, VLCKD was asso-
ciated with improvements in HbA1c, total cholesterol, triglyc-
erides, AST, ALT, GGT, SBP, and DBP. No changes in LDL

cholesterol, HDL cholesterol, serum creatinine, serum uric
acid and serum potassium were observed, while an increase
in serum sodium was recorded. Finally, the risk of discontin-
uation was similar between VLCKD and LCD. To our knowl-
edge, this is the first systematic review and meta-analysis on
this intervention. An extensive database search was per-
formed, papers were searched without time or language re-
strictions, and inclusion criteria were defined prior to the da-
tabase search.

The approach to the management of overweight and obesity
is mainly based on BMI, comorbidities and age of the patient.
Particularly, bariatric surgery should be generally considered in
adult patients aged less than 60 with: 1) BMI ≥ 40 kg/m2 with-
out or with subclinical obesity-related risk-factors; 2) BMI be-
tween 35 and 39.9 kg/m2 with established obesity-related
chronic diseases; 3) BMI between 30 and 34.9 kg/m2 with
established end-organ damage [39]. Also, according to some
guidelines, it should be considered in patients with BMI be-
tween 30 and 34.9 kg/m2 and type 2 diabetes on an individual

Fig. 2 Forest plot of meta-analysis for change in body weight from baseline to the last available follow-up on VLCKD

Fig. 3 Forest plot of meta-analysis for differences in body weight changes from baseline to the last available follow-up on VLCKD versus other diets
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basis or in patients aged between 60 and 65 years [40, 41]. In
patients not meeting these criteria, other interventions should be
considered. Pharmacological therapy is approved for patients
with BMI ≥ 30 kg/m2 or BMI ≥ 27 kg/m2 with any obesity-
related diseases, while lifestyle intervention should be warrant-
ed in all. The recommendations above are based on results
expected for each strategy. A meta-analysis of RCTs found
bariatric surgery to be associated with an additional weight loss
compared to lifestyle intervention of 25.9 kg in patients with a
mean baseline bodyweight of 114.8 ± 33.7 kg andBMI of 39.5
± 6.8 kg/m2 at two-years follow-up [42]. Another meta-analysis
of RCTs found pharmacological therapy to be associated with
an additional weight loss compared to lifestyle intervention
between 2.6 and 8.8 kg in patients with a baseline median body
weight of 100.5 kg (range 95.3–115.8) and BMI of 36.1 kg/m2

(range 32.6–42.0) at one-year follow-up [43]. No specific rec-
ommendations are reported for VLCKD so far [39–41]. In pa-
tients with similar characteristics at baseline, the present meta-
analysis found VLCKD to be associated with a weight loss
lower than bariatric surgery but greater than pharmacological
therapy. Future guidelines should reflect these findings and spe-
cific criteria to identify patients to be candidate for VLCKD
should be reported.

Based on fat distribution in gluteal and femoral versus ab-
dominal regions, obesity can be classified as with gynoid and
android, or peripheral and central, or “pear” and “apple” fat
pattern, respectively. Besides topography, the characteristics
of adipose tissue differ, with the visceral one carrying an in-
creased risk for metabolic, cardiovascular, and cancer out-
comes. As a consequence, waist circumference cut-offs have
been proposed by different societies [44, 45]. VLCKD was
associated with significant reductions of both fat mass and
waist circumference. Also, despite the lower lean mass at the
end of this intervention, no change in resting metabolic rate
was found [18]. All in all, body weight loss together with
favorable changes in body composition were reported.

As already stated, VLCKD consists of a multiphase proto-
col: patients are started on a ketogenic phase, then they are
gradually shifted to LCD first, and then to an isocaloric diet.
Accordingly, the ketogenic phase may differ from the duration
of the diet regimen and the study follow-up too. Since the
ketogenic phase is responsible for approximately 80% reduc-
tion of the excess bodyweight, we classified studies according
to the duration of this phase, using a four-week period as cut-
off [16]. Interestingly, despite the differences in body weight
at baseline, no heterogeneity was found for body weight

Table 3 Meta-analysis for
change in other secondary
outcomes on VLCKD

Parameter Number of patients
(number of studies)

Estimate I2 p

Fat mass (kg) 189 (7) −8.5 (−11.1 to −6.0) 80% <0.001

Lean mass (kg) 108 (6) −4.4 (−5.3 to −3.6) 0% <0.001

HbA1c (%) 185 (4) −0.7 (−1.3 to −0.1) 87% 0.03

Total cholesterol (mg/dl) 485 (9) −27.9 (−46.9 to −9.1) 96% 0.004

LDL cholesterol (mg/dl) 419 (8) −6.4 (−14.8 to 1.9) 79% 0.13

HDL cholesterol (mg/dl) 419 (8) −1.8 (−4.9 to −1.3) 66% 0.25

Triglycerides (mg/dl) 485 (9) −29.8 (−40.1 to −19.6) 57% <0.001

AST (U/l) 345 (6) −7.2 (−12.1 to −2.3) 91% 0.004

ALT (U/l) 345 (6) −7.7 (−13.2 to −2.2) 73% 0.006

GGT (U/l) 202 (4) −8.0 (−11.3 to −4.7) 0% <0.001

SBP (mmHg) 199 (4) −8.5 (−11.4 to −5.6) 30% <0.001

DBP (mmHg) 199 (4) −7.2 (−8.9 to −5.5) 0% <0.001

Serum creatinine (mg/dl) 293 (5) 0.0 (0.0 to 0.0) 0% 0.60

Serum uric acid (mg/dl) 293 (5) −0.3 (−1.1 to 0.5) 92% 0.50

Serum sodium (mEq/l) 269 (4) 1.6 (0.6 to 2.5) 73% <0.001

Serum potassium (mEq/l) 269 (4) 0.0 (−0.2 to 0.2) 89% 0.70

Fig. 4 Forest plot of meta-analysis for change in body weight from the end of ketogenic phase to the last available follow-up on VLCKD
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changes in each subgroup (Fig. 2). Also, results obtained early
were stable during a follow-up up to two years. Thus, VLCKD
should be considered as a reliable intervention to achieve a
significant weight loss in a short period of time. Depending on
the target to be reached, a different duration of the ketogenic
phase should be planned. Particularly, in patients for whom a
bariatric surgery is considered, protocols based on a ketogenic
phase only for few weeks can be preferred, while longer pro-
tocols including all phases of VLCKD should be chosen for
the remaining patients.

In the former group of patients, a strategic issue is represent-
ed by the preoperative weight loss since it is associated with
reduction of hepatomegaly, improved accessibility to the ab-
dominal cavity, shorter duration of operations and lower rates
of complications [39]. Then, several strategies have been

proposed to achieve this goal, including intragastric balloon
(IGB) and lifestyle interventions [46–48]. It should be noted
that IGB is associated with a mean 13.2% (95%CI 12.3-14.0)
total body weight loss at six months, while the present meta-
analysis found VLCKD to be associated with a mean weight
loss of 14% in studies with a ketogenic phase up to 12 weeks
[49]. Also, three studies were performed specifically focusing
on this indication. Albanese et al. found VLCKD to be associ-
ated with a shorter hospital stay (p = 0.04), higher post-
operative hemoglobin levels (p = 0.04) and lower drainage out-
put (p = 0.03) compared to VLCD [31]. Pilone et al. reported a
30% reduction in liver volume on VLCKD, in line with a pre-
vious work [33, 35]. These results, as well as the non-invasive
nature of this intervention, strongly support the use of VLCKD
in this context. Combination therapies have also been proposed.

Fig. 5 Forest plot of meta-analysis for change in body mass index from baseline to the last available follow-up on VLCKD

Fig. 6 Forest plot of meta-analysis for change in waist circumference from baseline to the last available follow-up on VLCKD
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It is common experience that in patients with IGB the largest
amount of body weight loss is recorded in the first four months.
Then, a study randomized 80 patients to VLCKD or LCD in the
last two months before IGB removal. Additional body weight
was lost, and it was significantly greater in the VLCKD group.
The overall body weight lost during the six-month period in
patients on IGB and VLCKD was of about 18.3 kg; whether
different results would have been reached if patients were treat-
ed with VLCKD only is unclear [50].

A number of comorbidities is associated with overweight
and obesity, including hypertension, dyslipidemia, T2DM,
NAFLD, and obstructive sleep apnea (OSA). According to
current guidelines significant improvements of these are
achieved following weight loss. A maintenance of a healthy
body weight (BMI of approximately 20-25 kg/m2 in people
<60 years of age; higher in older patients) and waist circum-
ference (<94 cm for men and < 80 cm for women) is recom-
mended for non-hypertensive individuals to prevent hyperten-
sion, and for hypertensive patients to reduce blood pressure
[51]. Even a modest body weight reduction of 5-10% im-
proves lipid profile [52]. Achieving and maintaining a weight
loss of at least 5% is recommended in T2DM patients, in order
to slow the progression of the disease, improve glycemic con-
trol, reduce medication use, and induce disease remission.
Also, very-low-calorie diets and total meal replacements
may be prescribed for carefully selected patients in order to
reach these targets [53]. A 7-10% weight loss is associated
with improvements of liver enzymes and histology in patients
with NAFLD, including non-alcoholic steatohepatitis [54,
55]. A weight loss of at least 7% to 11% or more is recom-
mended in patients with OSA to achieve a significant im-
provement in its severity [40, 56]. Since VLCKD was found
to be associated with a consistent weight loss, a positive effect
on the above comorbidities or their markers should be expect-
ed. It is worth noting that drugs for hypertension and diabetes
were discontinued before VLCKD in some studies [32], and
drug consumption at the end of the study was reduced in a
number of them [21, 32, 33]. Then, changes in blood pressure,
lipids and HbA1c should be interpreted in view of this data as
well. Also, an improvement in the liver steatosis pattern was
reported in three papers, in line with changes of liver enzymes
[23, 33, 35]. Finally, one study found an improvement in
sleepiness in patients with OSA, consistently with the reported

reduction in neck circumference [19, 33]. All in all, VLCKD
was associated with a favorable change in most of major risk
factors for cardiovascular disease.

A major concern when using VLCKD is represented by the
safety issues. VLCKD is contraindicated in patients with type
1 diabetes mellitus, recent cardiovascular or cerebrovascular
events, severe hepatic insufficiency, any type of renal insuffi-
ciency, gout episodes, kidney stones, hydroelectrolytic alter-
ations, severe depression or any other psychiatric disease,
abuse of narcotics or alcohol, and women with child-bearing
potential, pregnant, breast-feeding, intending to become preg-
nant, or not using adequate contraceptive methods [15, 20].
Also, an adequate micronutrient supplementation should al-
ways be warranted, given their deficiency in restricted-calorie
diets [57]. The risk of acidosis connected to ketones has been
raised. A paper specifically focusing on this outcome was
published and overall results were reassuring; this was not
included in the meta-analysis due to overlap in patients [58].
The majority of papers described VLCKD as being well-
tolerated with mild symptoms of short duration (e.g. nausea,
vomiting, constipation, diarrhea, headache), and a risk of dis-
continuation similar to LCD was reported. However, the pres-
ent meta-analysis found an increase in serum sodium, possibly
related to the intense water loss that occurs in the first phase of
any VLCKD [17]. Although statistically significant, the clin-
ical relevance of this results may be limited given the absolute
serum sodium level at the last available follow-up (140.1 ±
3.0 mEq/l) and sodium supplementation should always be
assured given the increased natriuresis during ketosis [59].
Thus, it is worth to underline that this intervention, as all
VLCD, should be not be routinely used as first line therapy
for overweight and obesity management, but should be only
considered in properly selected patients, as a part of a multi-
component strategy, and under strict medical supervision [60].
Another issue may be represented by the risk of weight regain
following a sharp weight loss. Of note, a study found that fast
weight losers obtained greater weight reduction and long-term
maintenance and were not more susceptible to weight regain
than gradual weight losers [61].

Limitations of the present paper should be discussed. First,
a limited number of studies and usually with a short-term
follow-up was found. As already stated, VLCKD can be used
in two scenarios: 1) in a bariatric preoperative setting; 2) in a

Fig. 7 Forest plot of meta-analysis for relative risk of discontinuation on VLCKD versus other diets
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lifestyle intervention. While current literature may be deemed
sufficient for the former, further studies are needed for the
latter. Particularly, a comparison with VLCD should be per-
formed to assess additional benefits, if any. One possible ad-
vantage could be represented by reduced hunger associated
with ketones [33]. Protocols for VLCKD differed between
studies, and this is a second limitation. However, a consistent
body weight loss with no heterogeneity was found despite the
differences in calories and macronutrients composition. Forth,
given that the 80% of body weight loss is achieved during the
ketogenic phase and that it takes three to five days to reach this
phase, an adequate patient compliance to the diet protocol is
needed in order for the results to be replicable [62]. Lastly,
even if the ketogenic phase was no longer than 12weeks, there
was no or limited evidence supporting the safety of VLCKD
other than what has been the reported one (e.g. the effects on
bone are unknown).

5 Conclusions

VLCKD proved to be a reliable option to achieve a significant
weight loss in overweight and obese patients. Results were
early obtained during the ketogenic phase and were stable
over a follow-up of up to two years. In addition, VLCKD
was associated with significant improvements in comorbidi-
ties, including hypertension, dyslipidemia, T2DM, and
NAFLD. However, an increase in serum sodium was found.
VLCKD should thus be regarded as an effective intervention
to be proposed to properly selected patients, as a part of a
multicomponent strategy, and under strict medical
supervision.

Data accessibility The datasets generated during and/or analyzed during
the current study are not publicly available but are available from the
corresponding author on reasonable request.

Author Contributions MC and PT conceived the meta-analysis, devel-
oped the search strategy and provided statistical expertise. MC, EC,
AC, and PT drafted the manuscript. All Authors contributed to the devel-
opment of the selection criteria, the risk of bias assessment strategy and
data extraction criteria. All Authors read, provided feedback, and ap-
proved the final manuscript.

Funding information This research did not receive any specific grant
from any funding agency in the public, commercial or not-for-profit
sector.

Compliance with ethical standards

Ethical approval These systematic review and meta-analysis were in
accordance with the principles of the Declaration of Helsinki. Analyses
were performed on data extracted from published papers.

Conflict of interest MC, EC, AC, SP, AG, LG, FG, and PT declare that
they have no conflict of interest.

References

1. Global BMI Mortality Collaboration, Di Angelantonio E, ShN B,
Wormser D, Gao P, Kaptoge S, et al. Body-mass index and all-cause
mortality: individual-participant-data meta-analysis of 239 prospec-
tive studies in four continents. Lancet. 2016;388(10046):776–86.

2. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult
body-mass index in 200 countries from 1975 to 2014: a pooled
analysis of 1698 population-based measurement studies with 19·2
million participants. Lancet. 2016;387(10026):1377–96.

3. Bray GA, Heisel WE, Afshin A, Jensen MD, Dietz WH, Long M,
et al. The science of obesity management: an Endocrine Society
scientific statement. Endocr Rev. 2018;39(2):79–132.

4. Diabetes Prevention Program Research Group. Long-term effects
of lifestyle intervention or metformin on diabetes development and
microvascular complications over 15-year follow-up: the Diabetes
Prevention Program Outcomes Study. Lancet Diabetes Endocrinol.
2015;3(11):866–75.

5. Ma C, Avenell A, Bolland M, Hudson J, Stewart F, Robertson C,
et al. Effects of weight loss interventions for adults who are obese
on mortality, cardiovascular disease, and cancer: systematic review
and meta-analysis. BMJ. 2017;359:j4849.

6. Dattilo AM, Kris-Etherton PM. Effects of weight reduction on
blood lipids and lipoproteins: a meta-analysis. Am J Clin Nutr.
1992;56(2):320–8.

7. Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, Bertoni
AG, et al. Look AHEAD Research Group. Benefits of modest
weight loss in improving cardiovascular risk factors in overweight
and obese individuals with type 2 diabetes. Diabetes Care.
2011;34(7):1481–6.

8. Foster GD, Borradaile KE, Sanders MH, Millman R, Zammit G,
Newman AB, et al. Sleep AHEAD Research Group of Look
AHEAD Research Group. A randomized study on the effect of
weight loss on obstructive sleep apnea among obese patients with
type 2 diabetes: the Sleep AHEAD study. Arch Intern Med.
2009;169(17):1619–26.

9. Warkentin LM,Das D,Majumdar SR, Johnson JA, Padwal RS. The
effect of weight loss on health-related quality of life: systematic
review and meta-analysis of randomized trials. Obes Rev.
2014;15(3):169–82.

10. Pories WJ. Bariatric surgery: risks and rewards. J Clin Endocrinol
Metab. 2008;93(11 Suppl 1):S89–96.

11. Gesundheit N. Filling the treatment gap in the weight management
of overweight and obese patients. Int J Obes Suppl. 2012;2(Suppl
1):S39–42.

12. Laffel L. Ketone bodies: a review of physiology, pathophysiology
and application of monitoring to diabetes. Diabetes Metab Res Rev.
1999;15(6):412–26.

13. McPherson PA, McEneny J. The biochemistry of ketogenesis and
its role in weight management, neurological disease and oxidative
stress. J Physiol Biochem. 2012;68(1):141–51.

14. Gibson AA, Seimon RV, Lee CM, Ayre J, Franklin J, Markovic TP,
et al. Do ketogenic diets really suppress appetite? A systematic
review and meta-analysis. Obes Rev. 2015;16(1):64–76.

15. Caprio M, Infante M, Moriconi E, Armani A, Fabbri A, Mantovani
G, et al. Cardiovascular Endocrinology Club of the Italian Society
of Endocrinology. Very-low-calorie ketogenic diet (VLCKD) in the
management of metabolic diseases: systematic review and consen-
sus statement from the Italian Society of Endocrinology (SIE). J
Endocrinol Investig. 2019. https://doi.org/10.1007/s40618-019-
01061-2.

16. Moreno B, Crujeiras AB, Bellido D, Sajoux I, Casanueva FF.
Obesity treatment by very low-calorie-ketogenic diet at two years:
reduction in visceral fat and on the burden of disease. Endocrine.
2016;54(3):681–90.

Rev Endocr Metab Disord

https://doi.org/10.1007/s40618-019-01061-2
https://doi.org/10.1007/s40618-019-01061-2


17. Gomez-Arbelaez D, Bellido D, Castro AI, Ordoñez-Mayan L,
Carreira J, Galban C, et al. Body composition changes after very-
low-calorie ketogenic diet in obesity evaluated by 3 standardized
methods. J Clin Endocrinol Metab. 2017;102(2):488–98.

18. Gomez-Arbelaez D, Crujeiras AB, Castro AI, Martinez-Olmos
MA, Canton A, Ordoñez-Mayan L, et al. Resting metabolic rate
of obese patients under very low calorie ketogenic diet. Nutr Metab
(Lond). 2018;15:18.

19. Castro AI, Gomez-Arbelaez D, Crujeiras AB, Granero R, Aguera Z,
Jimenez-Murcia S, et al. Effect of a very low-calorie ketogenic diet
on food and alcohol cravings, physical and sexual activity, sleep
disturbances, and quality of life in obese patients. Nutrients.
2018;10(10).

20. Moreno B, Bellido D, Sajoux I, Goday A, Saavedra D, Crujeiras
AB, et al. Comparison of a very low-calorie-ketogenic diet with a
standard low-calorie diet in the treatment of obesity. Endocrine.
2014;47(3):793–805.

21. Goday A, Bellido D, Sajoux I, Crujeiras AB, Burguera B, García-
Luna PP, et al. Short-term safety, tolerability and efficacy of a very
low-calorie-ketogenic diet interventional weight loss program ver-
sus hypocaloric diet in patients with type 2 diabetes mellitus. Nutr
Diabetes. 2016;6(9):e230.

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

23. Ministrini S, Calzini L, Nulli Migliola E, Ricci MA, Roscini AR,
Siepi D, et al. Lysosomal acid lipase as a molecular target of the
very low carbohydrate ketogenic diet in morbidly obese patients:
the potential effects on liver steatosis and cardiovascular risk fac-
tors. J Clin Med. 2019;8(5).

24. Erickson N, Boscheri A, Linke B, Huebner J. Systematic review:
isocaloric ketogenic dietary regimes for cancer patients. Med
Oncol. 2017;34(5):72.

25. Liu XY, Chen J, ZhuM, ZhengG, GuoH, LuX, et al. Three and six
months of ketogenic diet for intractable childhood epilepsy: a sys-
tematic review and meta-analysis. Front Neurol. 2019;10:244.

26. MasoodW, Uppaluri KR. Ketogenic Diet. [Updated 2019Mar 21].
In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2019 Jan-. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK499830/

27. Joshi S, Ostfeld RJ, McMacken M. The ketogenic diet for obesity
and diabetes-enthusiasm outpaces evidence. JAMA Intern Med.
2019. https://doi.org/10.1001/jamainternmed.2019.2633.

28. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that eval-
uate health care interventions: explanation and elaboration. Ann
Intern Med. 2009;151(4):W65–94.

29. National Heart, Lung, and Blood Institute. Study Quality
Assessment Tools. Available at: https://www.nhlbi.nih.gov/health-
topics/study-quality-assessment-tools (accessed May 2019).

30. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane
Collaboration's tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

31. Albanese A, Prevedello L, Markovich M, Busetto L, Vettor R,
Foletto M. Pre-operative very low calorie ketogenic diet
(VLCKD) vs. very low calorie diet (VLCD): surgical impact.
Obes Surg. 2019;29(1):292–6.

32. Castaldo G, Monaco L, Castaldo L, Galdo G, Cereda E. An obser-
vational study of sequential protein-sparing, very low-calorie keto-
genic diet (Oloproteic diet) and hypocaloric Mediterranean-like diet
for the treatment of obesity. Int J Food Sci Nutr. 2016;67(6):696–
706.

33. Leonetti F, Campanile FC, Coccia F, Capoccia D, Alessandroni L,
Puzziello A, et al. Very low-carbohydrate ketogenic diet before

bariatric surgery: prospective evaluation of a sequential diet. Obes
Surg. 2015;25(1):64–71.

34. Merra G, Miranda R, Barrucco S, Gualtieri P, Mazza M, Moriconi
E, et al. Very-low-calorie ketogenic diet with aminoacid supplement
versus very low restricted-calorie diet for preserving muscle mass
during weight loss: a pilot double-blind study. Eur Rev Med
Pharmacol Sci. 2016;20(12):2613–21.

35. Pilone V, Tramontano S, Renzulli M, Romano M, Cobellis L,
Berselli T, et al. Metabolic effects, safety, and acceptability of very
low-calorie ketogenic dietetic scheme on candidates for bariatric
surgery. Surg Obes Relat Dis. 2018;14(7):1013–9.

36. de Luis D, Domingo JC, Izaola O, Casanueva FF, Bellido D, Sajoux
I. Effect of DHA supplementation in a very low-calorie ketogenic
diet in the treatment of obesity: a randomized clinical trial.
Endocrine. 2016;54(1):111–22.

37. Krotkiewski M. Value of VLCD supplementation with medium
chain triglycerides. Int J Obes Relat Metab Disord. 2001;25(9):
1393–400.

38. Basciani S, Costantini D, Contini S, Persichetti A, Watanabe M,
Mariani S, et al. Safety and efficacy of a multiphase dietetic proto-
col with meal replacements including a step with very low calorie
diet. Endocrine. 2015;48(3):863–70.

39. Società Italiana di Obesità e Associazione Italiana di Dietetica e
Nutrizione Clinica. Standard italiani per la cura dell’obesità SIO-
ADI 2016-2017. Available at: http://www.sio-obesita.org/wp-
content/uploads/2017/09/STANDARD-OBESITA-SIO-ADI.pdf
(accessed May 2019).

40. Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL,
Jastreboff AM, et al. Reviewers of the AACE/ACE obesity clinical
practice guidelines. American Association of Clinical
Endocrinologists and American College of Endocrinology compre-
hensive clinical practice guidelines for medical care of patients with
obesity. Endocr Pract. 2016;22(Suppl 3):1–203.

41. Durrer Schutz D, Busetto L, Dicker D, Farpour-Lambert N, Pryke
R, Toplak H, et al. European practical and patient-centred guide-
lines for adult obesity management in primary care. Obes Facts.
2019;12(1):40–66.

42. Gloy VL, Briel M, Bhatt DL, Kashyap SR, Schauer PR, Mingrone
G, et al. Bariatric surgery versus non-surgical treatment for obesity:
a systematic review and meta-analysis of randomised controlled
trials. BMJ. 2013;347:f5934.

43. Khera R, Murad MH, Chandar AK, Dulai PS, Wang Z, Prokop LJ,
et al. Association of pharmacological treatments for obesity with
weight loss and adverse events: a systematic review and meta-anal-
ysis. JAMA. 2016;315(22):2424–34.

44. Expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults. Executive summary of the third report of the
National Cholesterol Education Program (NCEP) expert panel on
detection, evaluation, and treatment of high blood cholesterol in
adults (adult treatment panel III). JAMA. 2001;285(19):2486-2497.

45. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome–a new world-
wide definition. A consensus statement from the International
Diabetes Federation. Diabet Med. 2006;23(5):469–840.

46. Hutcheon DA, Hale AL, Ewing JA, Miller M, Couto F, Bour ES,
et al. Short-term preoperative weight loss and postoperative out-
comes in bariatric surgery. J Am Coll Surg. 2018;226(4):514–24.

47. Roman M, Monaghan A, Serraino GF, Miller D, Pathak S, Lai F,
et al. Meta-analysis of the influence of lifestyle changes for preop-
erative weight loss on surgical outcomes. Br J Surg. 2019;106(3):
181–9.

48. Saber AA, Shoar S, Almadani MW, Zundel N, Alkuwari MJ,
Bashah MM, et al. Efficacy of first-time intragastric balloon in
weight loss: a systematic review and meta-analysis of randomized
controlled trials. Obes Surg. 2017;27(2):277–87.

49. Kumar N, Bazerbachi F, Rustagi T, McCarty TR, Thompson CC,
Galvao Neto MP, et al. The influence of the Orbera intragastric

Rev Endocr Metab Disord

https://www.ncbi.nlm.nih.gov/books/NBK499830/
https://www.ncbi.nlm.nih.gov/books/NBK499830/
https://doi.org/10.1001/jamainternmed.2019.2633
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://www.sio-obesita.org/wp-content/uploads/2017/09/STANDARD-OBESITA-SIO-ADI.pdf
http://www.sio-obesita.org/wp-content/uploads/2017/09/STANDARD-OBESITA-SIO-ADI.pdf


balloon filling volumes on weight loss, tolerability, and adverse
events: a systematic review and meta-analysis. Obes Surg.
2017;27(9):2272–8.

50. Genco A, Ienca R, Ernesti I, Maselli R, Casella G, Bresciani S, et al.
Improving weight loss by combination of two temporary antiobe-
sity treatments. Obes Surg. 2018;28(12):3733–7. https://doi.org/10.
1007/s11695-018-3448-9.

51. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnier M, et al. ESC scientific document group. 2018 ESC/ESH
guidelines for the management of arterial hypertension. Eur Heart J.
2018;39(33):3021–104.

52. Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ,
Drexel H, et al. ESC scientific document group. 2016 ESC/EAS
guidelines for the management of dyslipidaemias. Eur Heart J.
2016;37(39):2999–3058.

53. American Diabetes Association. 8. Obesity management for the
treatment of type 2 diabetes: standards of medical care in diabe-
tes-2019. Diabetes Care. 2019;42(Suppl 1):S81–9.

54. European Association for the Study of the Liver (EASL); European
Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-
EASO clinical practice guidelines for the management of non-
alcoholic fatty liver disease. Diabetologia. 2016;59(6):1121–40.

55. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella
M, et al. The diagnosis and management of nonalcoholic fatty liver
disease: practice guidance from the American Association for the
Study of Liver Diseases. Hepatology. 2018;67(1):328–57.

56. Hudgel DW, Patel SR, Ahasic AM, Bartlett SJ, Bessesen DH,
Coaker MA, et al. The role of weight management in the treatment
of adult obstructive sleep apnea. An official American Thoracic
Society clinical practice guideline. Am J Respir Crit Care Med.
2018;198(6):e70–87.

57. Damms-Machado A, Weser G, Bischoff SC. Micronutrient defi-
ciency in obese subjects undergoing low calorie diet. Nutr J.
2012;11:34.

58. Gomez-Arbelaez D, Crujeiras AB, Castro AI, Goday A, Mas-
Lorenzo A, Bellon A, et al. Acid-base safety during the course of
a very low-calorie-ketogenic diet. Endocrine. 2017;58(1):81–90.

59. Gennari FJ, Kassirer JP. Osmotic diuresis. N Engl J Med.
1974;291(14):714–20.

60. Stegenga H, Haines A, Jones K, Wilding J. guideline development
group. Identification, assessment, and management of overweight
and obesity: summary of updated NICE guidance. BMJ. 2014;349:
g6608.

61. Nackers LM, Ross KM, Perri MG. The association between rate of
initial weight loss and long-term success in obesity treatment: does
slow and steady win the race? Int J Behav Med. 2010;17(3):161–7.

62. Paoli A, Bosco G, Camporesi EM, Mangar D. Ketosis, ketogenic
diet and food intake control: a complex relationship. Front Psychol.
2015;6:27.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Rev Endocr Metab Disord

https://doi.org/10.1007/s11695-018-3448-9
https://doi.org/10.1007/s11695-018-3448-9

	Efficacy...
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Data extraction
	Study quality assessment
	Data analysis

	Results
	Study characteristics
	Study quality assessment
	Qualitative analysis (systematic review)
	Quantitative analysis (meta-analysis)

	Discussion
	Conclusions
	References


