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Abstract

Purpose: Few studies have summarized findings for the effect of metformin on obesity indices. Therefore, we aimed to conduct a
systematic review and meta-analysis on the effect of metformin on obesity indices among children and adolescents.

Methods: Relevant articles published up to September 2018 were searched in SCOPUS, Medline, and Google Scholar using
appropriate keywords. All clinical trials that examined the effect of metformin on obesity indices in children and adolescents were
included.

Results: Overall, 38 studies, including 2199 participants (39.75% male and 60.25% female), were included. The pooled results
indicated that metformin significantly reduced BMI [weighted mean difference (WMD): —1.07 kg/m?; 95% confidence interval (CI):
—1.43 to —0.72]. Same findings were found for waist circumference (WC) (WMD: —1.93 cm; 95% CI: —-2.69 to —1.16). Metformin
also reduced body weight in all participants (WMD: —2.51 kg; 95% CI: —3.14 to —1.89). Moreover, it reduced body fat mass in
patients with overweight or obesity (WMD: —1.90%; 95% CI: —3.25 to —0.56) and chronic diseases (WMD: —1.41%; 95% CI: —=2.23
to —0.58), but not among those with growth problems. Metformin therapy did not affect lean body mass (LBM) in patients with
overweight or obesity and growth problems; however, it reduced LBM in patients with chronic diseases (WMD: —1.49 kg; 95% CI:
-2.69 to —0.30).

Conclusions: We found a significant reduction in BMI, body weight, WC, and fat mass following administration with metformin.
However, the effect of metformin on LBM was not significant. Further studies are required to confirm these findings.

Keywords: adolescent; children; metformin; obesity; weight

Infroduction

verweight and obesity are common public health
O problems among children and adolescents.! It has

been suggested that teens with overweight and
obesity often become obese adults in future.?* Moreover,
childhood obesity is associated with an elevated risk of
chronic disorders, including hypertension, hyperlipid-
emia, and high blood pressure, as well as other chronic
diseases, such as diabetes, cardiovascular diseases, and
several cancers.* Cumulative studies have shown that the

prevalence of overweight and obesity in children and
adolescents has increased substantially such that twenty-
three -8% of boys and twenty-two -6% of girls in devel-
oped countries and twelve -9% of boys and thirteen 4%
of girls in developing countries were overweight or obese
in 2013.°

Along with common recommendations for making
changes in lifestyle, some therapeutic strategies are also
used in the treatment of overweight and obesity in these
age groups.® Metformin is a glucose-lowering drug com-
monly used by diabetic patients.” However, recent studies
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have shown other therapeutic effects of this popular drug.®
Although some studies have found a significant reduction
in obesity indices after administration with metformin,®!°
other studies failed to find such an effect.'!!? A systematic
review in 2009 showed that intake of metformin compar-
ing with placebo reduced BMI in obese subjects aged <19
years.!? In addition, a recent meta-analysis also has shown
a significant reduction in BMI after adding metformin to
insulin therapy in type 1 diabetes mellitus children.'
Metformin therapy also significantly reduced body weight
in patients who received antipsychotic drugs, as found in
another meta-analysis."”

To our knowledge, research on the effect of metformin
therapy on obesity indices is limited. Most available re-
view studies in this area have focused on some specific
obesity indices. Moreover, those studies have been con-
siderably conducted among adults with different health
conditions. Therefore, we aimed at conducting a meta
analysis to summarize the effect of metformin on obesity
indices among children and adolescents.

Methods

Search Strategy

All relevant clinical trials published up to September 2018
were searched in SCOPUS (www.scopus.com), Medline
(www.ncbi.nlm.nih.gov/PubMed), and Google Scholar da-
tabases, without restrictions for language or publication date.
We used the following search terms in our search: (‘““Met-
formin”[tiab] OR “Metformin”’[Mesh]) AND (“‘body
weight”[tiab] OR “obesity”’[tiab] OR ““body fat”’[tiab] OR
obese[tiab] OR overweight[tiab] OR “body mass in-
dex”’[tiab] OR BMI[tiab] OR Adiposity[tiab] OR Anthro-
pometry[tiab] OR ‘“‘abdominal obesity”’[tiab] OR “‘waist
circumference’’[tiab] OR “‘waist-to-hip ratio”’[tiab] OR
“waist-to-height ratio”’[tiab] OR WHR[tiab] OR “hip cir-
cumference’ [tiab] OR “weight change”’[tiab] OR “weight
loss”’[tiab] OR “Waist-Hip Ratio”’[Mesh] OR “Waist
Circumference”’[Mesh] OR “Obesity, Abdominal”’[Mesh]
OR ““Anthropometry’[Mesh] OR “Adiposity”’[Mesh] OR
“Body Weight’[Mesh] OR “Body Mass Index’[Mesh] OR
“Overweight”’[Mesh] OR “Obesity”’[Mesh] OR “Obesity,
Abdominal”’[Mesh] OR “Body Composition”’[Mesh] OR
“Body Weight Changes”[Mesh]).

In addition, we manually reviewed reference lists of
recruited articles, as well as relevant systematic reviews
and meta-analyses. Cochrane handbook for systematic
reviews of interventional studies and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines were followed throughout the study.

Eligibility Criteria

We included all the clinical trials that met the following
criteria: (i) were randomized controlled trials with parallel
design; (ii) were performed on children or adolescents
(aged 18 years old or younger); and (iii) examined body
weight (BW), BMI, waist circumference (WC), fat mass
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(FM), and lean body mass (LBM) as outcomes of interest.
Studies were excluded if they were conducted in adults or
animal studies, had no random allocation or control group,
had an observational design, or used other interventions
along with metformin therapy. Moreover, we did not in-
clude gray literature, letters, case reports, reviews, and
crossover trials in this study. If several publications re-
ported data from the same population, a study with the
largest sample size or duration was included.

Data Extraction

Two investigators (A.S. and S.M.M.) independently ob-
tained necessary data from included studies. The following
information was extracted from each study: first author’s
name, country, journal details, year of publication, study
design, participant characteristics (age, gender, number of
participants in each group), and intervention characteris-
tics (including metformin dosage and duration of expo-
sure). Mean * SD (standard deviation) of obesity indices at
study baseline and end of intervention or changes between
pre- and postintervention were recruited. When a study had
reported data on several points during the intervention
period, we get data from the latest measures. Moreover, if a
investigation had used metformin in different dosages,
data for each dosage in comparison to placebo were con-
sidered as a separate study.

Quantitative Data Synthesis and Statistical Analyses

The overall effect size was calculated using mean (SD)
change of study outcomes. In a study that did not report SD
for changes, we calculated it using the following formula:
SD= square root [(SDpre-treatment)2 + (SDpost-treatment)2 -
(2R X SDpre-treatment X SDpost-treatment)], assuming a correlation
coefficient (R) of 0.9. The standard error of the mean (SEM)
was converted to SD using the following formula: SD=
SEM X +/n (n is the number of subjects). Moreover, median
and ranges or 95% confidence intervals (ClIs) were also
converted to SDs using the method described by Hozo et al.'®

The random-effects model was used to calculate the
overall effect sizes. Between-study heterogeneity was ex-
amined using Cochran’s O-test (significance set at p<0.1)
and I statistics. To find sources of heterogeneity, we
performed subgroup analyses based on participant’s health
status (subjects with chronic diseases, growth problems,
and psychological disorders), study design (with and
without placebo), participants’ age (<10, 10-15, and =15
years) and gender (female or both), metformin dosage
(<1000, 1000-1500, 1500-2000, and >2000 mg/day), and
duration of study (<6 months, 6 months to 1 year, and =1
year). A sensitivity analysis was done to find if specific
research had a significant influence on overall findings.
Publication bias was assessed by visual inspection of
funnel plots, confirmed by Egger’s regression test. Statis-
tical analyses were done using STATA software (version
14.0; StataCorp, College Station, TX). p-Values <0.05
were considered as statistically significant.
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Results

Study Characteristics

Flow diagram of study selection is presented in Figure 1.
Overall, 38 randomized controlled trials (RCTs), which had
rolled 2199 participants (39.75% male and 60.25% female),
including 1128 patients in metformin and 1071 patients in
control groups, with a mean age of 13.66 years, were in-
cluded.!®'>17-3! Characteristics of these studies are pre-
sented in Table 1. All included studies were written in
English and published between 2001 and 2017. Among these
38 included studies, 10 studies were done in Eur-
ope,!220:23.25:31.34.42.44.4849 7() in the United States and
Canada,'0171821.22.24.20.30.33.35.36,39-41.43.45.47.50.51 3 iy Middle
America,'"?7-8 1 in Africa (Egypt),?® and the remaining 2
studies in Asia (Iran).' > In addition, two studies were done
among populations from different countries.>3” Out of in-
cluded studies, 12 studies were performed in chil-
dren17,25,27,28,31,32,39,40,42,44—46,51 and 25 Studies in
adolescents,0-12.18-24.26.29.3033-38 41434750 [ addition, six
studies were conducted in female participants,?!-26-30-31:44.47

while the others recruited participants from both
genders, 101217-20.22-25,27-29.32-43.45.4648-51  Amono  in-

3

cluded studies, one study had an open-label design.*?
Control groups received no intervention,?%31:3%4 place-
bo,10-12.17-23.25.27-3032 3841434551 and diet or exer-

cise?*39:40:42 in these studies. Participants of these studies
had Obesityll,l7,20,22,24,27,33,34,40,43,4575l or diabetes,10’12’29’32’37’41
other chronic diseases (including nonalcoholic fatty liver dis-
ease and polycystic ovary syndrome),?!-2>26-28.30.31.36.38.39.42.44
or psychiatric disorders (including schizophrenia and au-
tism spectrum disorder).!819:23:35

Metformin capsules were used in dosages ranged be-
tween 0.5 and 3 g/day in these studies. Moreover, duration
of intervention was varied from 12 to 192 weeks. Among
included studies, 28 studies measured participants’ body
Weight,l1’12’17_20’22’23’25’26_28’31_37’39_43’45’47’48’51 36 Stud-
ies measured BMI,'0-12,17-24,26-32,34-36.38-51 16 gtydies

measured WC,Il,12,25,27,28,30,35737,40,4l,4346,51 13 stud-
17,23,25,31,33,36,37,40,45,47,48,50,51 and

M17,25,31,33,37,44,50

ies measured fat mass,
the remaining 7 studies measured LB
as the outcome. In addition, among studies in which
fat mass was reported as the outcome, four studies
measured percent of total body weight,?3¢:37-40 while
the remaining studies measured total body weight in ki-
lograms,!7:2%:31:33.45.47.48.50.51  Adjustment for baseline

1512 Potentially relevant publications identified and
screened

}

1150 Articles excluded on the base of title/abstract

362 Articles were
retrieved for detailed
evaluation

O 00 1 On L 4 ORI e

Done on Adults (119 studies)

Utsed other interventions along with metformin (108 studies)
Irrelevant (18 studies)

On animal models (26 studies)

Have no placebo or control group (18 studies)

Case report (9 studies)

Crossover design (3 studies)

Review (10 studies)

Not report determined Anthropometric measurements (13

324 Articles excluded, because were:

!

38 Randomized Clinical Trials included in the systematic review

l

36 studies included in the meta-analysis of metformin and BMI
28 studies mcluded in the meta-analysis of metformm and weight
16 studies ncluded in the meta-analysis of metformin and WC

13 studies included in the meta-analysis of metformin and fat

Figure 1. Flow diagram of the study selection.
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values of anthropometric measures was conducted in 16
studies, !722:29-31-37:40.43-45.5051 Tyenty-two studies did not
report any adjustment,!0-11:12.18-21,23-28,30,38,39.41.42.46 49

Findings from Meta-Analysis

Effects of metformin therapy on BMI. Combining effect
sizes from included studies, we found a significant reduction
in BMI after metformin therapy in patients with chronic
diseases [weighted mean difference (WMD): —1.19 kg/m?;
95% CI. —1.63 to —0.74], growth problems (WMD:
—1.21kg/m?; 95% CI: —1.67 to —0.76), and psychological
disorders (WMD: —1.11kg/m?; 95% CI: —1.94 to —0.27);
however, this effect was not significant among those with
overweight or obesity (WMD: —0.76 kg/m?; 95% CI: —1.61
to 0.08) (Fig. 2A). When we combined effect sizes from all
studies about BMI, a significant reduction in BMI was found
after metformin therapy comparing with control (WMD:
—1.07kg/m?; 95% CI: —1.43 to —0.72) (Fig. 2B). Due to the
high between-study heterogeneity (>=98.8%), we con-
ducted subgroup analyses based on study design (with and
without placebo), participants’ age (<10, 10-15, and =15
years) and gender (female or both), metformin dosage
(<1000, 1000-1500, 1500-2000, and >2000 mg/day), and
duration of study (<6 months, 6 months to 1 year, and >1
year) (Supplementary Fig. S1). Among that, stratification by
participants’ age could explain the heterogeneity (for aged
5-10 years: I?=44.6%). In addition, a significant reduction
in BMI was seen in all subgroups following metformin
therapy, except for studies conducted in females (WMD:
—1.88kg/m?; 95% CI: —4.73 to 0.97). Sensitivity analysis
showed that an individual study had no great influence on
the overall results (data did not show). We found publication
bias in the included studies (Ppegg < 0.001). Therefore, the
trim and fill test was used to correct the bias; however, no
further study was recommended by the test.

Effects of metformin therapy on body weight. Pooling
effect sizes, a significant reduction in body weight fol-
lowing metformin therapy was found in participants with
different health conditions (for overweight or obesity:
WMD: -2.06kg; 95% CI: —3.47 to —0.65; for chronic
disease: WMD: —-3.09kg; 95% CI: —4.13 to —2.05; for
growth problems: WMD: —1.30kg; 95% CI: -2.30 to
—0.29; and for psychological disorders: WMD: —2.09 kg;
95% CI: —4.07 to —0.12) (Fig. 3A). Pooling analysis of data
from all included studies did not change the finding
(WMD: -2.51kg; 95% CI: -3.14 to —1.89); however,
between-study heterogeneity was high (I#=96.6%). None
of our subgroup analyses could explain the heterogeneity
(Fig. 3B). No significant effect of metformin was found in
studies conducted in children aged 5-10 years old (WMD:
—2.24kg; 95% CI. —6.44 to 1.93), studies did not use
placebo (WMD: 1.53 kg; 95% CI: —7.25 to 10.31), those
used metformin in dosages of 1500-2000 mg/day (WMD:
—0.64 kg; 95% CI: —5.99 to 4.70), or conducted in females
(WMD: —11.47kg; 95% CI: —23.89 to 0.94), and studies

1

with a duration of 21 year (WMD: 1.28 kg; 95% CI: —1.95
to 4.50). Metformin therapy in all other subgroups caused
significant reduction in body weight (Supplementary
Fig. S2). No evidence for publication bias (Ppege=0.77)
and for a great influence of an individual study on overall
findings was found in this regard.

Effects of metformin therapy on WC.  After pooling effect
sizes, we found a significant reduction in WC after admin-
istration with metformin in patients who had chronic dis-
eases (WMD: —1.83 cm; 95% CI: -2.57 to —1.08), growth
problems (WMD: —6.45 cm; 95% CI: —9.83 to —3.07), and
psychological disorders (WMD: —6.15 cm; 95% CI: —10.61
to —1.69). However, no significant effect of metformin was
found in patients with overweight or obesity (WMD:
—0.64 cm; 95% CI. —1.78 to 0.49) (Fig. 4A). When we
combined effect sizes of all included studies, we found a
significant reduction in WC following intake of metformin
(WMD: —1.93 cm; 95% CI: —-2.69 to —1.16), with high be-
tween heterogeneity (?=91.4%) (Fig. 4B). Subgroup anal-
ysis based on participants’ age (5-10 years: >=48.2% and
>15 years: >=46.9%), metformin dosage (500-1000 mg/
day: 7=48.2% and 1000-1500 mg/day: *=30.6%), and
trial duration (<6 months: >=36.5%) explained the hetero-
geneity. Significant reduction in WC following metformin
therapy was seen in all subgroup analyses, except for studies
conducted among females (WMD: —2.84cm; 95% CI:
—8.46 to 2.78), and those used metformin in dosages of
1500—-2000 mg/day (WMD: —2.70 cm; 95% CI: =5.55 to
0.15) (Supplementary Fig. S3). We found no evidence for
publication bias (Ppege=0.06) and for a great influence of
an individual study on the overall results.

Effects of metformin therapy on body fat mass. Com-
bining effect sizes, a significant reduction in body fat mass
following metformin administration was found in studies
conducted in patients with overweight or obesity (WMD:
-1.90%; 95% CI: —3.25 to —0.56) and chronic diseases
(WMD: —1.41%; 95% CI: —2.23 to —0.58), but not among
those with growth problems (WMD: —2.68%; 95% CI:
—5.50 to 0.13) (Fig. 5A). Pooling data from all studies
revealed a significant reduction in body fat mass following
intake of metformin rather than control (WMD: —1.65%;
95% CI: —2.27 to —1.03; =95.1%) (Fig. 5B). Stratifica-
tion by the metformin dosage (1500-2000mg/day:
I=0%) explained the heterogeneity. Moreover, reduction
of body fat mass following metformin therapy was sig-
nificant in all subgroup analyses, except for studies that
used metformin in dosages of <1000 mg/day (WMD:
—2.68%; 95% CI: —5.55 to 0.13) (Supplementary Fig. S4).
We found no evidence of publication bias (Ppege=0.24),
and sensitivity analysis that revealed no specific study had
a significant influence on the overall results.

Effects of metformin therapy on LBM. Combining effect
sizes of included studies, we failed to find a significant
effect of metformin therapy on LBM in patients with
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Rervasim, & d. (2010) | 020(-022 -0.18) 1362
Hoeger, etal. (2011) ———— a20(282.11) 109
Hoeger, etal. (2011) —_— 250(:547,04T) 447
Maarss, etal. (2012) —— <S40 (1182, -0.98) 1.1
Niew, etal (2017) _——— 034 (487,419 236
Villaescusa, et o, (2017) ——— -070(-325, 188) 536
Villaescusa, et o (2017) —— 0.00(-135,235) 598
Subtotal (I-squared = 33.5% p=0.173) < 064 (-LTE 045) 3464

'
Chronic diseases 1
Samblad, et al. (2003) —_— -360(-7.79.0.59)  2.69
Lavine, et i (2009) »* -L70(-211,-1.29) 1310
Ymeviki, eral, (2010) - 2540304, -1.94) 1257
Diaz, etad. (2012) —_——l 360(-7.74,0.54) 2.4
Viscamra, et al (1012) e 172(-249,793) 18T
Libman, et al. (2015) |- -1.00(-1.30.-0.70) 1334
Nwosn, etal (2015) —_—r——— 0.60(-583,703) 129
Nadean, et al. (2016) —_— -2E0(-4.60.-1.00) 7.76
Subtotal (I-spuared = 76.5% p = 0.000) < -1E3(-257.-1.08) 5536

I
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Ong, a 4. (2007} —_— : 190 {-10.75, -5.05) 4.71
Diaz, erad. (2015) —_— 440(-8.43, 037) 286
Subtotal (l-squared = 45.2%, p= 0165 - | 445 (-9.83,-3.07) 1.57
Paychological Ssorders i
Klein, etal. (2006) . 615 (-10.61,-1,68) 243
Subtotal (laquared = % p=)  —-————————m 615 (-10.61,-1,65) 243

I
Overall (l-squared = 1.4%, p= 0.000) ¢ 193 (269, -1.16) 100.60
NOTE: Weights ae A i s
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Yanovski, et al. 2011) - EETTERTRSE N X 1)
Hoeger, etal (2011) : 420(-282,1122) 109
Heeger, et al. (2011) —— 2.50(-5.47,047) 447
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Nwoss, et ol (2015) —_—T 0.60 (-5.83.7.03) 129
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Nieto, et al. (2017) _:—““— 034 (4.87,419) 236
Villaescusa, et al. (2017) ——— 0.70(-3.28,1.88) 536
Villaescusa, et al (2017) ":"_'— 0.00(-235,235) 598
Overal (I-squared = 91.4%, p = 0.000) < 193 (269,-116) 10000
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Figure 4. Forest plot for the effect of metformin on waist circumference (cm), separately by the participants’ health condition (A) and
among all participants (B), expressed as the mean differences between the intervention and the control groups. The area of each square is
proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from the

random-effects analysis.

overweight or obesity (WMD: -0.74 kg; 95% CI: —2.40 to
0.91) and those with growth problems (WMD: 0.69 kg;
95% CI: —1.71 to 3.09). However, a significant reduction
was found in LBM after metformin therapy in two studies
conducted among patients with chronic diseases (WMD:
—1.49kg; 95% CI: -2.69 to —0.30) (Fig. 6A). The effect of
metformin on LBM was also nonsignificant in the com-
bined analysis of data from all studies (WMD: —0.51 kg;
95% CI: —1.29 to 0.27; I*=81.6%) (Fig. 6B). Our subgroup
analysis could not explain the between-study heterogene-
ity. Although a significant reduction in LBM after met-
formin administration was found in studies with a duration
of <1 year (WMD: —-1.04kg; 95% CI: -2.04 to —0.05),

A

Study %

m WMD{#5% CT) Weight
Obese or overweight '
Kay, etal. (2001) —_— 330 (483,177 748
Wilson, etal. (2010) —— 090 (-160,-020)  1LTL
Mawas, @ al, (2012) _—— 190 (395,008 538
Rynders, et al (2014) _ 190(4588 118 12
Subtota (Fsquared = §3.5% p = 0.042) - 190 (325, -0.56)  1T&R
Chronic discases £
Lavine, et ol (2009) HE 050 (076, 0M) 1346
Yamovsi, et dl 2011) - 180 (167,-1.13) 1343
Adeyemo, et al (2015) —— 140 (A16,036) 648
Libman, et al (2015} . 200 (213, -18T) 137
vin der Ax, sl (2016) 368 (765,029) 206
Subtetl (Fsquared = 56 2%, p = 0.000) {} 141 (223, 048) 4808
Growth Esorders '
Toanez, et al (2008) —_— -5.50(422,-278) 376
Cased s al. (2000) . 081 (070,-032) 1381
Diaz, &t d, (2015) —_— 280 (475, 085 5
Subeotd (Faquared = $5.9% p » 0.000) === i 268 (550,0.13) 2306
Overdl (Tsquared = 95.1% p = 0.000) <3> -1.65 (227,-103) 10000
NOTE: Welghts are from random effocts snalvals

T

T
422 0 822

studies used 21000 mg/day metformin (WMD: —1.18 kg;
95% CI: —1.79 to —0.57), and those conducted in children
with 210 years old (WMD: —1.18kg; 95% CI: —1.79 to
—0.57), the effect was nonsignificant among other sub-
groups (Supplementary Fig. S5). We found neither publi-
cation bias (Puegg=0.23) nor great influence of an
individual study on our findings in this regard.

Discussion

This study showed a significant reduction in BMI, body
weight, WC, and fat mass, but not in LBM following intake
of metformin. However, changes in BMI and WC were not

Sudy =
o WMD ($5% €1) Weight

.
Kay, et 4. 2001) —_— 330 (48,177 748
Poamez, et al. (2008) _— 550 (822,278 376
Lavine, et al, (2005) . - 0.50 (076, 024 1346
Casmeels, etal, (2010) E 081 (:0.70, -032) 1341
Wilson, et al. (2010) —— 0.90 (-1.60, 020) nn
Yanovsig, et al, (2011) :r+ 140 (167, -11%) 1343
Mauras, etal. (2012) e 190 ¢398,0.18) 538
Rymders, et al. (2014) —05—— 190 (498, 1.18) 112
Adeyemo, . (2015) —é‘—— 140 (:3.16,036) 643
Diaz, et al. (2015) —-—;— 280 (475, 035 57
Libenan, ot al, (2015) . 200(213,-1870) B
van der A3, et ol (2016) —t 368 (7.65,0.29) 206
Overall (Laquared =95.1%, p = 0.600) Q 165 (227,108 10000
NOTE: Weights ar from random ¢ ffects asalysis :
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Figure 5. Forest plot for the effect of metformin on body fat mass (%), separately by the participants’ health condition (A) and among all
participants (B), expressed as the mean differences between the intervention and the control groups. The area of each square is propor-
tional to the inverse of the variance of the WMD. Horizontal lines represent 95% ClIs. Diamonds represent pooled estimates from the

random-effects analysis.
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Seady .
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Obese or overweght
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Chomic Aseases
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Figure 6. Forest plot for the effect of metformin on lean body mass (kg), separately by the participants’ health condition (A) and among
all participants (B), expressed as the mean differences between the intervention and the control groups. The area of each square is
proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% Cls. Diamonds represent pooled estimates from the

random-effects analysis.

significant among participants who were overweight or
obese. The effect was also nonsignificant for fat mass in
patients with growth problems and LBM in patients with
chronic diseases, among only two studies conducted in
these subgroups.

We found a significant reduction in BMI after metformin
therapy. A systematic review in children aged 18 years or
younger showed a statistically significant decrease in BMI
following metformin therapy when combined with life-
style interventions.>> Metformin also modulated weight
gain induced by olanzapine, as found in another systematic
review.>> However, the effect of metformin on BMI was
nonsignificant in some studies.>**° In addition, our sub-
group analysis also showed that the effect of metformin
therapy on BMI was not significant among females and
patients with overweight or obesity. As a higher percentage
of body weight in females compared to males has consisted
of fat,>* it seems that higher doses of metformin is required
to influence BMI in subjects with higher body fat.

Metformin therapy in our meta-analysis caused a sig-
nificant reduction in body weight. A narrative review in
2014 showed that metformin induces modest weight loss
in overweight and obese individuals at risk for diabetes.>>
Moreover, two other systematic reviews have also con-
cluded similar findings.’>>* Otherwise, some studies
failed to find a significant effect of metformin on partic-
ipants’ body weight.'"!? It should be noted that the du-
ration and dosage of metformin therapy in most of these
studies were lower than other studies in this area. Sub-
group analysis in our meta-analysis revealed that intake
of metformin in higher dosages for up to 1 year caused
more reduction in patients’ body weight. We failed to find
a significant effect of metformin on body weight among
studies conducted in females and children aged 5-10
years; however, only two studies were included in each of
these subgroups.

Metformin therapy also reduced WC in our study. A
systematic review in this regard found that metformin re-
duced WC by a higher amount than orlistat at 6 months.>®
Metformin also reduced WC in patients who suffered from
psychological medicine-induced obesity.>*>” However,
some other studies did not find such an effect.!"*} In ad-
dition, the result was also nonsignificant among studies
that were conducted in females and subjects with over-
weight and obesity. As mentioned for BMI, it seems that
the effect of metformin on the modulation of obesity in
subjects with higher accumulation of fat is low. Strangely,
the impact of metformin on WC was also nonsignificant in
dosages of 1500-2000 mg/day, despite other doses. How-
ever, the effect was near the significance.

Metformin therapy also reduced body fat mass in the cur-
rent study. It is in line with findings from several studies in this
regard.>®> Although this effect was not significant in studies
conducted among those with growth problems and studies
used metformin in dosages of <1000 mg/day, the number of
studies in these subgroups was low. Furthermore, our meta-
analysis on data from rarely available studies showed that
metformin did not affect LBM in children and adolescents.

Although exact mechanisms through which metformin
might influence obesity indices have not been understood,
some suggestions have been made. Intake of metformin might
reduce appetite by acting on the central nervous system.>
Metformin attenuates hypothalamic AMP-activated protein
kinase activity, which subsequently reduces neuropeptide Y
(orexigenic) and increases proopiomelanocortin (anorectic)
expression.’® Metformin therapy also improves leptin and
insulin sensitivity and through which might affect food in-
take.>® In addition, it has been suggested that intake of met-
formin increases fat oxidation, decreases lipid synthesis, and
avoids an ectopic fat accumulation.>” Modulation of gut mi-
crobiota and secretion of glucagon like peptide-1 by metfor-
min might also influence food intake and fat accumulation.®
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This study is the first meta-analysis on the effect of
metformin on various obesity indices among children and
adolescents. Sensitivity analysis showed that no individual
study had influence on our findings. Moreover, we found
no evidence of the presence of publication bias among the
included studies. However, some limitations of the current
study should be taken into account. Variations in inter-
vention period and medication dosage, as well as differ-
ences in control groups, are some possible sources of bias
in this meta-analysis. In addition, participants in included
studies had different physiological conditions. We tried to
take into account these variations using subgroup analyses.
Furthermore, adjustment for the potential confounders was
not performed in most of the included studies. Besides,
most of those studies did not completely explain methods
used for the measurement of obesity indices.

Conclusions

In conclusion, we found a significant reduction in BMI,
body weight, WC, and fat mass following intake of met-
formin. However, no significant effect of metformin ther-
apy on LBM was found in the current meta-analysis.
Further studies, in particular among participants with spe-
cific health conditions, are needed to confirm these findings.
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