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Summary
The effect of low-carbohydrate diet (LCD) on body composition, especially fat
mass, in obese individuals remains to be elucidated.
We performed a meta-analysis to provide quantitative summary estimates of the
mean change of body weight (kg) and fat mass (kg) in LCD comparing to those
in control diet. Literature searches were performed using EMBASE, MEDLINE
and Cochrane Library until Dec 2014.
Fourteen randomized controlled studies were included in this meta-analysis. Eight
studies including very LCD (50 g carbohydrate or 10% calorie from carbohydrate)
and seven studies including mild LCD (about 40% calorie from carbohydrate).
Meta-analysis carried out on data of 1416 obese individuals, showed that LCD
was associated with decrease in body weight (�0.70 kg [95% CI �1.07/�0.33])
or fat mass (�0.77 kg [�1.55/�0.32]). Subgroup meta-analysis of studies in over
12months suggested that LCD was not associated with decrease in body weight
(�0.44 kg [�0.94/0.07]), but LCD was associated with decrease in fat mass
(�0.57 kg [�1.05/�0.09]). In addition, very LCD was associated with decrease in
fat mass (�0.97 kg [�1.50/�0.44]), but mild LCD was not associated with de-
crease in fat mass (�0.43 kg [�1.15/0.33]).
LCD, especially very LCD, might be effective for decrease in fat mass in obese indi-
viduals. © 2016 World Obesity
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Introduction

Overweight and obesity are growing global health prob-
lems. According to the World Health Organization, in
2014, more than 1.9 billion adults worldwide were over-
weight and of these over 600 million were obese (1). Obe-
sity is associated with several life threaten diseases, such as
hypertension (2,3), type 2 diabetes (4,5), chronic kidney dis-
eases (6,7) and cardiovascular disease (8,9).

The debate about which type of diet is the most effective for
the treatment of overweight and obesity has become more in-
tense in recent years. It has reported that a high-carbohydrate
diet has appeared to be associated with obesity, type 2 diabe-
tes and metabolic syndrome (10–12). Low-carbohydrate diet
(LCD) has recently become very popular for weight loss
(13–15). In fact, several meta-analyses showed that LCD is
effective for weight loss (16–20).
On the other hand, recent studies revealed that not only

body weight but also body composition, including body
fat mass, is important for cardiovascular risk and mortality
(21,22). In addition, recent studies revealed a subset of indi-
viduals with non-obese whom the volume of skeletal mus-
cle, and its strength was decreased, so-called sarcopenia
(23). Sarcopenia is a risk of several life-threatening diseases
499
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(24–26). Thus, not only body weight but also body compo-
sition is an important target of diet. However, the effect of
LCD on body composition, especially fat mass, in obese
individuals remains to be elucidated. In this meta-analysis,
therefore, we aimed to investigate the effect of LCD on fat
mass in obese individuals.
Methods

Data sources and searches

We used the MEDLINE, EMBASE and Cochrane Database
of Systematic Reviews. We selected the manuscripts re-
ported from their inception until Dec 2014, in human pub-
lished English language. Using the following search term:
‘low carbohydrate diet’ and ‘clinical trial’ or ‘observational
study’ or ‘cohort study’. The reference lists of the pertinent
articles were also inspected.
Study selection

We used the following inclusion and exclusion criteria.
Inclusion criteria: (i) the original articles; (ii) the abstract
of articles should include the term or abbreviations of ‘low
carbohydrate diet’; (iii) the individuals with overweight or
obesity; and (iv) the articles should include the data of body
weight and fat mass. Exclusion criteria: (i) duplicated article
in three web sites; (ii) no original raw data of both body
weight and fat mass; (iii) no data of standard deviation
(SD) for assessed data; and (iv) no data for the control
group. Two investigators independently reviewed all poten-
tially relevant publications and made decisions on inclusion.
Where these decisions conflicted, additional investigators
(co-authors) were involved to discuss discrepancies until
mutual agreement was reached.
Data extraction

We extracted all following data from all assessed articles;
the author’s name, study title, country, year and source of
publication, study design, study length, sample size, drop-
out number, body weight, fat mass, age, dietary composi-
tion and method of measurement of body composition.
Change of body weight (kg) or fat mass (kg) was the out-
come of interest in this meta-analysis.

In some studies, we found just average and SD of body
weight or fat mass at baseline and at endpoint. In these
cases, we estimated mean change of body weight (or fat
mass) as follows; body weight (or fat mass) at
endpoint�body weight (or fat mass) at baseline. In the
same way, SD of change of body weight (or fat mass) as fol-
lows; SD of change of body weight (or fat mass) = the square
root of ((SD of body weight (or fat mass) at endpoint) × 2
+ (body weight (or fat mass) at baseline) × 2).
17, 499–509, June 2016
Validity and quality assessment

Two reviewers independently checked and selected all refer-
ences. We assessed quality of evidence for each study by
using the Grading of Evidence, Assessment, Development
and Evaluation (GRADE) approach (27). We validated
and performed Quality Assessment of all articles, which
was satisfied with all inclusion and exclusion criteria, ac-
cording to AMSTAR (27).
Quantitative data synthesis and analysis

We performed quantitative data synthesis based on
PRISMA Statement (28). We performed a meta-analysis to
provide quantitative summary estimates of the mean change
of body weight and fat mass because of LCD comparing to
control diet. Summary averages were calculated using
random-effects model according to Peto and Mantel-
Haenszel following a test of heterogeneity (29). The pres-
ence of heterogeneity was assessed with the Q test and the
extent of heterogeneity was quantified with the I2 index.
The I2 statistic were calculated to assess statistical heteroge-
neity across studies: 0% suggests no heterogeneity, 0–25%
very low heterogeneity, 25–50% low heterogeneity, 50–
75% moderate heterogeneity and a value of 75% high het-
erogeneity (30,31). Statistical significance was defined as P
values less than 0.05. Studies with significant differences
or those with generally expected results tend to be submit-
ted and accepted, leading to publication bias in meta-
analysis. Funnel plots were produced for intervention effects
to compare each study. Asymmetry may indicate that there
might be unpublished studies with insignificant results or
unexpected results. All analyses were conducted using R
version 3.0.1 (R project for Statistical Computing).
Additional analysis

In addition to the primary analysis of all pooled data com-
bined, stratified analyses were performed. Because previous
studies reported that the effect of LCD disappeared after
12months follow-up (16,32). Therefore, we investigated
the impact of LCD in over 12months or in less than
12months on change of body weight or fat mass, compared
to control diet.

We also investigated the impact of very LCD (18); ap-
proximately 50 g carbohydrate or 10% of calorie from car-
bohydrate or that of moderate LCD (33); about 40% of
calorie from carbohydrate, on change of body weight or
fat mass, compared to control diet.

In addition, we also investigated the impact of LCD on
change of body weight or fat mass, compared to control diet
in measurement, including bio impedance (BIA) and dual-
energy X-ray absorptiometry (DXA) method, separately.
© 2016 World Obesity
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Results

The flow of studies in our meta-analysis is depicted in Fig. 1.
From 199 potentially relevant references. Among them, 95
references did not report original data. A total of 104 full-
text references were reviewed for eligibility. Of those, 14
randomized controlled trials met all of the eligibility criteria
and were included in the meta-analysis (34–47). These stud-
ies included data from 1805 participants (906 on LCD and
899 on control diet).

The characteristics of these 14 randomized controlled
trials are presented in Table 1. Trial participants were usu-
ally not blinded to their assignment because of the nature
of the intervention; most interventions provided dietary
instruction and/or preparation to the participants. Study
duration ranged from 2 to 24months. All trials were
conducted among overweight or obese individuals. The
baseline characteristics of LCD groups, including body
weight and fat mass, were almost the same as those of con-
trol diet groups. The goal dietary nutritional composition
varied across the studies, with carbohydrate consumption
ranging from 20 g/day to 45% of energy intake in LCD
group (Table 2). Eight studies including very LCD
(34,36,38,39,41,42,44,47) and seven studies including
mild LCD (35–37,40,43,45,46).
All data

We found asymmetry in funnel plots for change of body
weight or change of fat mass (Fig. S1). To compare the effect
of LCD on body weight or body fat, the participants who
Figure 1 Flow diagram of study selection. Reports were selected from their
‘observational study’ or ‘cohort study’ words.

© 2016 World Obesity
dropped out were excluded from the analyses. Therefore,
the meta-analysis encompassed a total of 1416 participants,
with 697 in LCD group and 719 in control diet group.
Mean change of body weight or fat mass in LCD was
�14.50 to �2.50 kg or �11.30 to �0.75 kg and that in
control diet was �11.5 to �0.61 kg or �9.40 to 0.54 kg.
The change of body weight or fat mass in LCD group was
higher than that in control diet group (�0.70 kg [95% CI
�1.07/�0.33] in change of body weight, �0.82 kg [95%
CI �1.22/�0.42] in change of fat mass) (Figs 2 and 3).
Data of over 12months or less than 12months

Six studies (35,37,41,42,46,47) investigated the effect of
LCD on the change of body weight or body fat in over
12months. The meta-analyses encompassed a total of 770
participants, with 374 in LCD group and 396 in control diet
group. Mean change of body weight or fat mass in LCD was
�14.50 to �2.50 kg or �11.30 to �3.00 kg and that in con-
trol diet was �11.5 to �1.70 kg or �9.40 to 0.54 kg. There
was no statically difference between the change of body
weight in LCD in over 12months group and that in control
group (�0.44 kg [95% CI �0.94/0.07]) (Fig. S2). On the
other hand, the change of fat mass in LCD group was higher
than that in control diet group (�0.57 kg [95% CI �1.05/
�0.09]) (Fig. 4).
Eight studies (34,36,38–40,43–45) investigated the effect

of LCD on the change of body weight or body fat in less
than 12months. The meta-analysis encompassed a total of
666 participants, with 323 in LCD group and 343 in con-
trol diet group. Mean change of body weight or fat mass
inception until Dec 2014 by ‘low carbohydrate diet’ and ‘clinical trial’ or

17, 499–509, June 2016
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Figure 2 Forest plot for change of body weight associated to low carbohydrate diet. LCD; low-carbohydrate diet, SD; standard deviation, SMD; standard-
ized mean difference, CI; confidence interval. The line corresponds to each study’s SD. The size of the boxes corresponds to each study’s weight.

Figure 3 Forest plot for change of body fat associated to low carbohydrate diet. LCD; low-carbohydrate diet, SD; standard deviation, SMD; standardized
mean difference, CI; confidence interval. The line corresponds to each study’s SD. The size of the boxes corresponds to each study’s weight.
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in LCD was �11.1 to �2.60 kg or �7.13 to �0.75 kg and
that in control diet was �9.30 to �0.61 kg or �5.17 to
�0.287 kg. The change of body weight or fat mass in LCD
was higher than that in control group (�0.89 kg [95% CI
�1.43/0.35] in change of body weight or �0.98 kg [95%
CI �1.60/�0.36] in change of fat mass) (Fig. S3 and Fig. 5).
Data of very low carbohydrate diet

Eight studies (34,36,38,39,41,42,44,47) investigated the ef-
fect of very LCD on the change of body weight or fat mass.
There were 831 participants (406 on very LCD and 425 on
control diets). The change of body weight or fat mass in
very LCD group was higher than that in control diet group
17, 499–509, June 2016
(�1.00 kg [95% CI �1.54/�0.45] in change of body weight
or �0.97 kg [95% CI �1.50/�0.44] in change of fat mass)
(Fig. S4 and Fig. 6).
Data of moderate low carbohydrate diet

Seven studies (35–37,40,43,45,46) investigated the effect of
mild LCD on the change of body weight or fat mass. There
were 585 participants (291 on mild LCD and 294 on con-
trol diets). The change of body weight or fat mass in mild
LCD group was not difference from that in control group
(�0.37 kg [95% CI �0.85/0.12] in change of body weight
or �0.65 kg [95% CI �1.32/0.02] in change of fat mass)
(Fig. S5 and Fig. 7).
© 2016 World Obesity



Figure 4 Forest plot for change of body fat associated to low carbohydrate diet among the studies over 12 months. LCD; low-carbohydrate diet, SD; stan-
dard deviation, SMD; standardized mean difference, CI; confidence interval. The line corresponds to each study’s SD. The size of the boxes corresponds
to each study’s weight.

Figure 5 Forest plot for change of body fat associated to low carbohydrate diet among the studies less than 12 months. LCD; low-carbohydrate diet, SD;
standard deviation, SMD; standardized mean difference, CI; confidence interval. The line corresponds to each study’s SD. The size of the boxes corre-
sponds to each study’s weight.
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Date of difference methods of body composition

Five studies (36,43,45–47) investigated the effect of LCD on
the change of body fat by BIA method. The meta-analysis
encompassed a total of 786 participants, with 392 in LCD
group and 394 in control diet group. Mean change of body
weight or fat mass in LCD was �11.1 to �3.9 kg or �7.13
to �0.75 kg and that in control diet was �9.3 to �1.8 kg or
�5.17 to 0.54 kg. There was no significant difference be-
tween the change of body weight or fat mass in LCD and
that in control group (�0.13 kg [95% CI �0.36/0.10] in
change of body weight or �0.12 kg [95% CI �0.35/0.11]
in change of fat mass) (Figs S6 and S7). On the other hand,
eight studies (34,35,37,39–42,44) investigated the effect of
LCD on the change of body fat by DEXA method. The
meta-analysis encompassed a total of 629 participants, with
312 in LCD group and 317 in control diet group in DXA
method. Mean change of body weight or fat mass in LCD
was �14.5 to �2.5 kg or �11.3 to �3.75 kg and that in
control diet was �11.5 to �1.70 kg or �9.40 to �1.87 kg.
The change of body weight or fat mass in LCD group was
higher than that in control diet group (�1.17 kg [95% CI
© 2016 World Obesity
�1.91/�0.42] in change of body weight or �1.46 kg
[95% CI �2.28/�0.64] in change of fat mass) (Figs S8
and S9).
Discussion

In this present meta-analyses of randomized controlled tri-
als comparing LCD with control diet, we found that both
LCD and control diet were effective for reducing body
weight and body fat mass. Previous studies revealed that
LCD is effective for weight loss (16–20) and cardiovascular
disease risk factors (19,20). We identified the possibility that
LCD was more effective for reducing body weight and body
fat mass compared with control diet in this meta-analysis.
Stratified analyses of over 12months showed that LCD
was more effective for change of fat mass than control diet,
although there was no statically difference between the
change of body weight in LCD in over 12months group
and that in control group. In addition, very LCD was effec-
tive for reducing body weight and fat mass compared with
control diet. On the other hand, mild LCD was not effective
17, 499–509, June 2016



Figure 6 Forest plot for change of body fat associated to very low carbohydrate diet. LCD; low-carbohydrate diet, SD; standard deviation, SMD; stan-
dardized mean difference, CI; confidence interval. The line corresponds to each study’s SD. The size of the boxes corresponds to each study’s weight.

Figure 7 Forest plot for change of body fat associated to moderate low carbohydrate diet. LCD; low-carbohydrate diet, SD; standard deviation, SMD;
standardized mean difference, CI; confidence interval. The line corresponds to each study’s SD. The size of the boxes corresponds to each study’s weight.
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for reducing body weight and body fat mass compared with
control diet. However, because of asymmetry in funnel
plots, we could not deny the publication bias. Therefore, a
further study should be needed.

One of the possible reasons why LCD was effective for
change of fat mass might be dietary composition of protein.
The low-carbohydrate diet is accompanied by high protein
(48–50). Dietary protein is absorbed as amino acids. Amino
acids help muscle growth (51,52) and fat mass loss (52). It
has been reported that protein intake is positively associated
with lean mass (53,54). In fact, not mild LCD but very LCD
was effective for reducing body weight and fat mass in this
meta-analysis. In addition, the proportions of protein intake
of LCD tended to be higher than those of control diet.

This meta-analysis showed that the change of body
weight or fat mass in LCD in less than 12months was
higher than that in control group in less than 12months.
However, it has been reported that it is desirable to investi-
gate in at least 12months to evaluate the effect of diet,
because there is an initial drop in body weight which is
followed by a re-gain in over 12months studies (16,32). In
addition, there are considerable changes in body composi-
tion which affect the underlying assumptions, especially in
17, 499–509, June 2016
the short term studies (55). The studies of very LCD over
12months were few to combined data and performed
meta-analysis. Thus, we could not conclude that very LCD
was effective for decreasing fat mass in long term.

We should show the limitations of this meta-analysis.
First, the study participants were relatively small and study
duration was short. In addition, none of large-scale clinical
trial for fat mass was published. Moreover, according to
the funnel plots, there is a possibility of existence of publi-
cation bias. Thus, there still remains insufficient evidence
to provide clear effect of LCD on body composition. Sec-
ond, dropout rates of long-term follow-up studies were
high (34,35,37,41,42,46,47). In addition, poor adherence
of study participants is also the limitation. Most of partic-
ipants in these studies were not able to achieve and main-
tain target diet compositions. In fact, the diet compositions
tended to be restored to baseline proportions in these
study participants, indicating that it is difficult to change
the habitual dietary patterns to another dietary pattern.
Therefore, none of the studies is well-controlled in a strict
sense. In addition, it was difficult to distinguish the effects
of the other diet compositions, including protein and fat,
on body weight or fat mass. Therefore, there is a
© 2016 World Obesity
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possibility that both of these factors might be related to
the magnitude on change of body weight or fat mass in
this study. In fact, protein and fat sources are associated
with cardiovascular risk, cancer and mortality (56,57).
However, the proportion of carbohydrate in LCD group
was consistently lower than that in control group. Thus,
we, at least, showed the effect of lower carbohydrate in-
take on body weight or fat mass, compared to higher car-
bohydrate diet intake on body weight or fat mass. Third,
although body composition methods, including BIA and
DXA, are widely used in clinical settings, the precision of
these methods is in the order of 1 to 2 kg. In addition,
there are considerable changes in body composition which
affect the underlying assumptions, especially in the short
term studies (55). Therefore, long-term follow-up studies,
at least over one-year follow-up, are required to better un-
derstand the difference between the effect of LCD on body
composition and that of control diet (58). Furthermore,
the changes in body composition accompanied by weight
loss are associated with Forbes’ Rule, which indicated that
fat mass is occupied three-fourth of weight loss (59).
Therefore, the initial body weight or fat mass have to be
matched. However, there was no significant difference be-
tween body weight or fat mass of LCD and that of control
diet at baseline examinations in this meta-analysis. Thus,
the effect of Forbes’ Rule in this meta-analysis was small.
Fourth, we could not match age and sex in the different
diet groups because of the absence of individual partici-
pant data. Fifth, although we performed stratified analyses
of over 12months studies and less than 12months studies,
we could not differentiate if the participants were weight-
stable after weight loss or weight-regaining in a strict
sense. Finally, we did not evaluate physical activity or
other life habits. Therefore, the contribution of any
changes in physical activity or other life habits on the body
weight or fat mass could not be determined.

Recent studies revealed that not only body weight but
also body composition, including body fat, is important
for cardiovascular risk and mortality. This is the first
meta-analysis of the effect of LCD on body fat mass,
compared to that of control diet. However, data quality of
the studies is relatively poor or even limited in this meta-
analysis, because of poor adherence of diets, the precision
of methods of body composition and short duration
follow-up. Therefore, not randomized control trial but
long-term observational might be suitable for the observa-
tion of effect of diet treatment on body composition.

In conclusion, this meta-analysis revealed that the de-
crease of body weight or body fat mass in LCD, especially
very LCD, was higher than that in control diet. However,
additional studies are needed to evaluate the effects of
LCD on fat mass in obese individuals because of insufficient
number of participants, insufficient follow-up periods and
the possibility of publication bias.
© 2016 World Obesity
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Figure S1. Funnel plot of 14 randomized controlled trials
for change of body weight or change of fat mass
Figure S2. Forest plot for change of body weight associated
to low carbohydrate diet among the studies over 12months.
LCD; low-carbohydrate diet, SD; standard deviation, SMD;
standardized mean difference, CI; confidence interval. The
line corresponds to each study’s SD. The size of the boxes
corresponds to each study’s weight.
Figure S3. Forest plot for change of body weight associated
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to low carbohydrate diet among the studies less than
12months. LCD; low-carbohydrate diet, SD; standard devi-
ation, SMD; standardized mean difference, CI; confidence
interval. The line corresponds to each study’s SD. The size
of the boxes corresponds to each study’s weight.
Figure S4. Forest plot for change of body weight associated
to very low carbohydrate diet. LCD; low-carbohydrate diet,
SD; standard deviation, SMD; standardized mean differ-
ence, CI; confidence interval. The line corresponds to each
study’s SD. The size of the boxes corresponds to each
study’s weight.
Figure S5. Forest plot for change of body weight associated
to mild low carbohydrate diet. LCD; low-carbohydrate diet,
SD; standard deviation, SMD; standardized mean differ-
ence, CI; confidence interval. The line corresponds to each
study’s SD. The size of the boxes corresponds to each
study’s weight.
Figure S6. Forest plot for change of body weight according
to bio impedance method. LCD; low-carbohydrate diet,
SD; standard deviation, SMD; standardizedmean difference,
CI; confidence interval. The line corresponds to each study’s
SD. The size of the boxes corresponds to each study’s weight.
Figure S7. Forest plot for change of body fat according to
bio impedance method. LCD; low-carbohydrate diet, SD;
standard deviation, SMD; standardized mean difference,
CI; confidence interval. The line corresponds to each study’s
SD. The size of the boxes corresponds to each study’s weight.
Figure S8. Forest plot for change of body weight according
to dual-energy X-ray absorptiometry. LCD; low-carbohy-
drate diet, SD; standard deviation, SMD; standardized mean
difference, CI; confidence interval. The line corresponds to
each study’s SD. The size of the boxes corresponds to each
study’s weight.
Figure S9. Forest plot for change of body fat according to
dual-energy X-ray absorptiometry. LCD; low-carbohydrate
diet, SD; standard deviation, SMD; standardized mean dif-
ference, CI; confidence interval. The line corresponds to each
study’s SD. The size of the boxes corresponds to each study’s
weight.
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