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ABSTRACT

Previous reports have shown that exercise improves serum leptin and
adiponectin abnormalities in overweight and obese individuals; how-
ever, results to date are controversial. Here we performed a systematic
review and meta-analysis of the available randomized controlled trials
(RCTs) of the possible beneficial action of exercise on serum leptin and
adiponectin levels in overweight and obese individuals. We searched
PubMed, EMbase, The Cochrane Library, and the Clinicaltrial.gov data-
bases for relevant studies published between January 1980 and Sep-
tember 2015. Two independent reviewers extracted relevant data and
assessed study quality and risk of bias. Data were pooled using a ran-
dom-effects model for leptin and a fixed-effects model for adiponectin.
Effect of size was expressed as mean difference (MD) with 95 % confi-
dence interval (Cl). Heterogeneity was assessed (Cochran Q-statistic)
and quantified (12). Twenty-eight RCTs (40 studies) were identified, of
which 24 were on the effects of exercise on leptin (n=1358) and 31
referred to changes in adiponectin (n=1774). Our analysis revealed
that exercise significantly reduced serum leptin (MD = -2.24 ng/ml;
95% Cl, —-3.26, —1.23; p<0.001) and increased adiponectin
(MD=0.44g/ml;95%Cl, 0.13,0.75; p=0.005) levels compared to no
exercise as well as control (who were also overweight or obese). Exer-
cise, particularly aerobic exercise, had a significant effect on serum
leptin and a possible influence on adiponectin levels, suggesting its
therapeutic implications.

Introduction

World Health Organization (WHO) has reported that worldwide
obesity has more than doubled since 1980 and is responsible for
considerable morbidity and mortality rates. Overweight and obese
subjects have significantly higher serum leptin and decreased adi-
ponectin levels, which are mainly secreted by adipose tissue, an
endocrine organ [1]. Abnormal levels of leptin and/or adiponectin
are causally related to an increased risk of developing type 2 dia-
betes mellitus (T2DM) [2], cardiovascular diseases [3], and some
cancers [4,5].

Serum levels of leptin, adiponectin, and other cytokines can be
influenced by lifestyle modifications. Studies have revealed that
several lifestyle modifications including increased sleep duration
[6], quitting smoking [7], diet control such as calorie restriction or
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reduced dietary fatintake [8], diets rich in fruits and vegetables can
reduce serum leptin and enhance adiponectin levels.

Exercise is defined as a series of physical activities that are
planned, structured, and repetitive whose objective is to improve
or maintain physical health and fitness [9]. Exercise exerts a num-
ber of beneficial actions including decreasing serum leptin and in-
creasing adiponectin levels [10]. Leptin, one of the first adipose
signaling molecules discovered, regulates energy balance and is
encoded by the obesity gene [11]. Serum leptin levels are propor-
tional to adiposity and reflect energy status [12]. Exercise reduces
serum leptin by increasing energy expenditure and decreasing ad-
iposity. Adiponectin, first identified in 1995 and also known as Ad-
ipoQ and ACRP30, is secreted mostly by white adipose tissue into
the circulation [13]. Adiponectin promotes insulin sensitivity and
inhibits inflammation [14, 15]. Weight loss is associated with a sig-
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nificant increase in serum adiponectin levels in obese people [16],
which led us to propose that exercise may increase serum adi-
ponectin levels by reducing body weight. In addition, the mRNA
expression of adiponectin is reportedly increased after endurance
training in rats [17]. However, human clinical trials that evaluated
the effect of exercise on serum leptin and adiponectin levels have
been controversial. For instance, some studies showed that exer-
cise can significantly alter leptin or adiponectin levels [18-23],
while other studies did not support these results [24-29]. Accord-
ingly, here we performed a systematic review and meta-analysis of
randomized controlled trials (RCTs) to evaluate the effect of exer-
cise on serum leptin and adiponectin levels in humans.

Materials and Methods

Literature search

We searched PubMed, EMbase, The Cochrane Library, and the Clin-
icaltrial.gov databases for relevant studies published between Jan-
uary 1980 and September 2015. The main terms used to search for
relevant publications were: exercise, training, physical activity, ad-
ipocytokines, adipokines, leptin, and adiponectin in combination
with obesity, obese, overweight, fatness, and adiposity. We also
scanned the reference lists of the included articles to identify other
relevant studies. We specified the methodology of this systematic
review in advance and documented it in a protocol that was pub-
lished in the PROSPERO prospective register of systematic reviews
(www.crd.york.ac.uk/PROSPERO; ref CRD42015027691).

Study selection

Studies were included if they satisfied all of the following inclusion
criteria: (1) RCT performed in humans; (2) Subjects were all over-
weight or obese (body mass index [BMI] 225 kg/m? ora BMI =23 kg/
mZin Asian populations) without a cognitive impairment; (3) The
study included exercise-only and control or comparative groups
without other confounding interventions (non-exercise, habitual
exercise, stretching exercise, usual care, etc.); (4) The intervention
was regular and consisted of continuous exercise for a specified
amount of time; (5) The exercise of the intervention group was
quantified in terms of intensity, frequency, time, and duration; (6)
The mean serum leptin level and standard deviation was reported
for the intervention and control groups; and (7) The study had
sound methodology and was of high quality. Studies were exclud-
ed if the serum leptin or adiponectin levels were not reported, there
were no exercise-only groups, the design was a crossover trial(s),
or the study was not published in English.

NY and XYG independently screened all of the articles based on
the titles and then reviewed the abstracts and full texts to assess if
they met the eligibility criteria. Final eligibility was not determined
until the 2 reviewers reached agreement. Any disagreement was
settled in consultation with YTR. These decisions are summarized
in the PRISMA flow chart (Supplement 1).

Data extraction

NY and XYG independently extracted the data and then checked
and entered it into an electronic data collection form. The follow-
ing information was abstracted from the eligible articles: first au-

thor’s last name, publication year, and country of origin; the mo-
dality, intensity, frequency, and time of exercise; sample size; sub-
ject characteristics including age, sex, BMI, and baseline leptin or
adiponectin levels; intervention duration; and treatment results,
including adiponectin and leptin levels. If more than one time point
for follow-up was reported, we used the data from the longest fol-
low-up time period. For trials containing multiple intervention
arms, we extracted the data of the exercise-only groups without
any other confounding interventions and the corresponding com-
parative or control group. If the trial contained multiple exercise
interventions and only one control group was available for compar-
ison, the control group was split into an equal number of subgroups
(equal to that of the intervention groups; thus, the control and in-
tervention groups had the same number of groups) such that the
number of divided controls obtained is equal to the number of in-
tervention groups [30]. Thus, there were 28 RCTS and 40 studies
in the final meta-analysis.

Data analyses

The statistical analysis was performed according to the Cochrane
Handbook for Statistical Review of Interventions (Version 5.0.2).
The differences between the intervention and control arm’s change
from baseline value were derived from each trial for endpoints of
serum levels of leptin and adiponectin. The mean differences (MD)
of leptin were pooled using a random-effects model due to the
study heterogeneity (I2=63 %, p<0.001), while the pooling of MD
of adiponectin used a fixed-effects model because of the slight het-
erogeneity (IY=19%, p=0.17). The meta-analysis was performed
using RevMan software (Cochrane Review Manager version 5.2).
Statistical tests were 2-sided (p<0.05).

Heterogeneity was tested and measured with a Q-test and I? sta-
tistics. We generally assumed that there was substantial heteroge-
neity if the 12>50 or 12>25 % with a low p-value (p<0.10). We ex-
plored sources of heterogeneity by comparing mean differences of
both endpoints (leptin and adiponectin) between subgroups strat-
ified by modality, intensity, and total time per week of exercise, and
study period. Care was taken to see that nearly all of the included
studies were performed under supervision and properly recorded
when the exercise intervention was executed. To test the robustness
of the data, sensitivity analyses were performed by removing each
individual trial from the meta-analysis and recalculating the effect
size with the remaining trials. Sensitivity analyses were also under-
taken by excluding studies with a sample size <20 for each group
and/or studies of high heterogeneity from the meta-analysis. The
risk of bias was assessed using the Cochrane Risk of Bias Tool. Poten-
tial publication bias of this study was assessed quantitatively through
Egger’s tests performed by STATA 12.0 software, where a p-val-
ue<0.10 was considered evidence of small study effects.

Results
Characteristics of included studies

Of the 513 potentially relevant publications identified in the initial
search and reference lists, 28 RCTs satisfied the inclusion criteria
and were included in the meta-analysis. Of these 28 RCTs, 9 con-
tained multiple exercise protocols with intervention groups of dif-
ferent modalities or intensities of exercise with only one control
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group for comparison [31-39]. As aresult, we split the shared con-
trol group into 2 or more groups as described above [30], which
resulted in 21 studies. These 28 RCTs (that resulted in 40 studies)
included 2316 participants (1469 exercise, 847 control), and all of
them were parallel RCTs that were similar in terms of baseline char-
acteristics, indicating highly qualified randomization. Twenty-four
studies reported data for leptin (n=1358) vs. 31 for adiponectin
(n=1774).In one RCT, dropout reasons and number of participants
were mentioned [34]; while in 2 RCTs, dropout numbers were stat-
ed without any specific reason(s) [40,41].

The characteristics of the included studies are displayed in
» Table 1, while the pooled risk of bias results using the Cochrane
Risk of Bias Assessment Instrument is shown in Supplement 2. In
the 28 RCTs (n=40 studies) that were included in the meta-analy-
sis, 3 modalities of exercise were studied: aerobic exercise (AE)
(n=28 studies), resistance exercise (RE) (n=6 studies), and com-
bined exercise (CE), which included both aerobic and resistance ex-
ercise (n=6 studies). The exercise forms and intensities varied
among the studies. According to the American College of Sports
Medicine (ACSM) [42], the aerobic exercise intensity was classified
as high intensity (HI) [ 26 metabolic equivalents (METs), =270 %
HRhax, 260 % heart rate reserve (HRR), or 260 % maximum oxygen
consumption (VO;ax)], medium intensity (MI) (3-6 METs, 55-70%
HR 125 40-60 % HRR or 40-60 % VO, ,5,) and low intensity (LI) (<3
METs, <55 % HRnay, <40 % HRR, 0r <40 % VO5.x), Which was used
to classify the exercises of the studies included in the present me-
ta-analysis. The participants of 4 of the included RCTs had Barrett’s
esophagus [28], knee osteoarthritis [41], breast cancer [26], and
T2DM [43]. Interventions that were included in the control groups
of the RCTs used in the present meta-analysis varied among non-ex-
ercise, education or advice on physical activity, stretching exercise,
and routine care. Since we included an exercise-only group with-
out other confounding interventions and the corresponding con-
trol or comparative group of the studies, there are unlikely to be
any differences in energy or nutrient intake between the interven-
tion and control groups. The duration of the RCTs was 6 weeks to
18 months. The exercise interventions of the included studies were
under supervision and reported good compliance.

Leptin

» Fig. 1 shows a forest plot of the pooled effect of exercise on lep-
tin. Twenty-four studies reported changes in serum leptin concen-
trations. Of the 24 trials, 5 studies reported a significant reduction
in leptin after exercise intervention, with mean differences of -0.10
to - 15.80ng/ml. Our meta-analysis of the 24 trials indicated a sig-
nificant reduction in leptin of -2.24ng/ml(95%Cl, -3.26, - 1.23;
p<0.001) compared with control or comparative groups with sub-
stantial heterogeneity across the studies (I2=63 %, p<0.001).

Adiponectin

»Fig. 2 shows a forest plot of the pooled effect of exercise on serum
adiponectin concentrations. Thirty-one studies reported changesin
serum adiponectin; of them, 4 reported a significant post-exercise
increase in adiponectin levels. The mean differences were 0.02-
13.70 ug/ml. The pooled mean difference of the 31 studies was
0.38pg/ml(95%Cl,0.13,0.63; p=0.003) for adiponectin with slight
inter-study heterogeneity in the meta-analysis (1°=19%, p=0.17).
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Meta-analysis of different exercise modalities

The results of analysis of modalities of exercise on changes in serum
leptin and adiponectin concentrations are shown separately in
»Fig. 1,2, respectively. Serum leptin levels were significantly de-
creased after AE compared to after RE and CE. Similarly, an increase
in serum adiponectin levels was seen after AE but not after RE or CE.

Subgroup analysis

The results of subgroup analysis are shown in » Table 2. In the sub-
group analysis, studies <12 weeks in length revealed no significant
changes in serum leptin and adiponectin levels. On the other hand,
studies>12 weeks in length showed significantly decreased leptin
and increased adiponectin levels.

Since most of the included studies used AE and the intensity
classifications in RE and CE were inconsistent, the subgroup analy-
sis of exercise intensity mainly focused on AE. However, 2 AE stud-
ies did not specify exercise intensity; hence, they were omitted
from this subgroup analysis [22, 40]. Subgroup analysis showed
that HI AE resulted in a significant reduction of serum leptin levels
(MD=-6.29ng/ml, p<0.001), while LI or MI AE had an insignifi-
cant effect on serum leptin levels. Furthermore, HI AE led to a slight
increase in serum adiponectin levels (MD = 0.74 pg/ml, p = 0.04),
whereas LI and MI AE resulted in no increase or an insignificant in-
crease in serum adiponectin levels.

Since almost all of the RCTs included in the present study were per-
formed under supervision and reported good compliance, we deter-
mined that there was no need to stratify them into subgroups by pres-
ence or lack of supervision. Eight studies from 6 publications meas-
ured serum leptin levels [18,20,21,27,34,37] and 15 from 8
publications measured serum adiponectin levels [18,20,27,33,37-
40] did not describe the exact exercise duration per week. In other
words, the data of these studies were insufficient forinclusion in a sub-
group analysis of exercise duration (=150 min/wk vs. <150 min/wk).

Sensitivity analysis

While analyzing the changes in serum leptin levels, we evaluated
whether removing each individual study one by one would impact
the final analysis and found that removing 2 trials with high heter-
ogeneity [18,21] reduced the overall effect to a limited extent
(MD=-1.48ng/ml, p<0.001). In addition, the removal of studies
with small sample sizes [18,21,24,27,28,32,34,35,37,44] (n<20
for each group) did not change the pooled effect significantly
(MD=-2.43ng/ml, p=0.003).

A similar analysis performed of serum adiponectin level chang-
es revealed insignificant pooled effects after removal of the stud-
ies with high heterogeneity [22,36] (MD=0.18 pg/ml, p=0.19) and
trials with small sample sizes [18, 20, 22, 24,27, 28,33, 35-
37,39,40,43,45].

Publication bias

Egger’s regression was conducted to detect potential publication
bias. Those findings indicated significant publication bias for leptin
and adiponectin with p-values=0.012 and 0.051, respectively.

Downloaded by: lowa State University. Copyrighted material.



%)
=
2
=
=

IM-6
AM-¢L
ow-g

ouw-g

ouwl-g

ouwl-g

ow-9

AM-8

AM-8
ow-z|
AMec|!
AM-CL
ow-g|
AM-cL
AM-9L
AM-¢ L
AM-L

AM-9

AM-zL

ow-9
ow-z|

ow-9

AM-8

uoneing

ylog

ylo¢g

10 €
ylog

m N <t M om <

n m®m m ™M

y1o¢

(Ojwm[sawn)
Aouanbauy

uiogF0¢
1834009
1824 0S¢
1824 05¢

MY ZL [13un
MM L L

MY 8 [3un
MM L L

N ¥

ulw oy-sz

ulw Gy
AM/UIWIGS F LLL
uiwo9
ulw og
ulwog

Ul 69-0¢€

uiw o9
ulwoz-91
ulwoz-91L

ulw oy

ulwoe-olL

uiw 9
ulw Gy

AMIMI

Ul os-0¢€

awiy

UOIJU9AI3]Ul 3S1D19X]

‘leuarew payybuAdo) “Alsianiun arels emo| :Aq papeojumod

Posz L
IH
IH
IN

IN
IN

IH
IN
IN
IN
IN
IH

VN
IH
IN
IH

VN

IH
IH
IN

Aysuaqu)

vl 9L
zLel
86l
8°0¢

6T T8

ST ‘99
9z ‘alLL

€zl

vT ‘vt
98 v8
0T ‘6€

88
€6 °L6
0z ‘0¢

88
9°LL
9°LL

44N

4 x4

474
L8°LLL
78 L9

0L ‘6

(jo13u0)
‘uonuUaAIalU|) ‘ON

8L'LF¢9VEDD

€L 78 ZENT 001/0

0€-5¢ o/ooL

VN VN

VN VN

0°€v-0'5C 00L/0

0°€v-0'SC 001/0

0°€v-0'SC 00L/0
LTYF9T62DD

¥6'€ 798°6¢D3 WN
¥F62:DD

€¥82:03 sz/se

SC= 0oL/0

6vE-L'6C o/ooL

Ly*Cle o/ooL

8¢< VN

0€= o/oolL
LLLF61°G57DD

€9°LFELGZDT 00L/0

9L#8°0€ ooL/o

9’1 ¥8°0€ 00L/0

TTFS6L WN
L'YFELEDD

¥'6F6'9€ :03 6¥/1S
V8 €T LS PEDD

06°€¥90°G€D] zLlse

0'se= ooL/o

L'SF0TE 0oL/0
€7F50€DD

9'¢FLCeDT VN

(ojeway

(zw[Bx)ing [a1en) 19pusn

08°C¢LFS0¥DD
Y9 L¥SL°ZyD3
0t-0¢
9l-¢l
9l-cl

VA 14

SL-Sy
SL-SY

68°0FC¢C
8FEV:DD
9F¥:D3
S/-0S
S9-0¥%
06-G€
6,-09
cL-otL

SLTF0SPS
€0F6'SL
€0F6°GL

LL'OFLL

=L

6L-6GL

SL-0S
9'9F€LS
LL0F0°LL :DD
£9°0%8°0L :D3

(saeak)aby

vsn
ylewuaq
epeue)

epeue)

vsn

vsn
vsn

uel|

Ajey
vsn
puejuul
uel|

vsn
Aung

£3.10)|
eIsiun]
eisiuny

2310

vsn

lizeig

vsn
epeue)

vsn

uoibay

6661 |B 39 Jawaely
€10Z |2 39 Yoeqiany
(9) €00 “*[e 30 neaq.eg
(®) €00 “"|e 32 neaq.eg

(0) z10Z “'|e 33 uasuueyo[

(9) L0z “*[e 39 uasuueyo[
() ZLOZ ““[e 33 ussuueyo[

() Z10Z “*| 32 pesy

6002 “|e 33 1uljenbsed
5007 | 319 yuely

(e) €102 “"[e 39 In1eloUdA
Z10zZ “'[e 33 Isepeybopy
€10¢ “'|e 19 Si1aAeag
6002 ‘Asqedeley

ZL0Z “|e 39 997
(@) €10z “lp 32
(e) €10z "B 32
£00T 2 33 Wiy

6002 ‘[ 32 Aydinpy
() €107 |2 39 BI3.Q- [PV
€£10T [ 39 3pseyuUaqqy

6002 “’[e 39 3neuadsly

£00Z 12 313 A

9S1219X? J1q0.I’3y

(1e3A) Apnis

‘Salpnis papn|aul Jo sdn3siivloeley) | 9|qel «

Horm Metab Res

Yu N et al. Meta-Analysis of Leptin and Adiponectin...



AM-8

AMg |

ow-g|

ow-9

AM-p¢

AM-8
AM-L
AM-¢L
AM-17¢
AM-17¢
AM-17¢

AM-8
AM-g|
AM-9L

AM-8
AM-¢L

uoneing

9-G

AM-8

MMM im | mimMm|mM

m M N N <

(im[sawn)
Aouanbaiy

ulwo6-08<

€
Ui oy L

ulwog

ulw o9

uiw o9

S19S €
uiw o9
S19S €
uiw o9
ulw o9
uiw o9

1834009
ulwog
uloe

ulwoe=<

Ul oy-sz

awny

‘leuarew payybuAdo) “Alsianiun arels emo| :Aq papeojumod

IN¥ L% 08:xew?
-ON% 8'¥5—8' 01
sdnoib

1Rylo z

Uum sAep swes ay3

VN
sdasg| Jos1as Z 11y
“YUH % S8-06 11V

(wdq ¥7) | ploysauyy
A103e113U9A 3y}

sdaig-8 11y
XeWyH % 0L-09 1V

sdauQg-zz HMg-¢
sdargL-0L HMZ-L
SYIN % S8-0S
winuwixew sdal ZL-8
INYL O %G8-08
IN¥L O %59-09
INYL O %0S-G

IH
IH
IN
IN
IH

Aysuajug

UOIJU9AI9]Ul 3S1D19X]

ON :N S9A A ‘buluiesy adueisisay 11y ‘buiuiesy oiqoiay 11y (yibuaiis [ewixe Ny | AHsusjul 93e1apolA <A (A3isuaiul
YbIH :IH ‘suoniiaday :sdau ‘aye3dn uabAxo [eLIIXe| (XBWZQA (SYIN ‘A5 3R JIBSH (Y H ‘D181 11B3H tyH @9 M (dnoub jos3uo) 1) ‘dnoib asip1ex3 107 (9|qejieAe JON (VN ‘xapu| ssey Apog “:IINg

veL
L ‘0r

9L ‘6L

474

Gl Gl

€6
0T ‘9€
4N
iy
€zl
€plL

0l ‘62
LLL
L0

VL

91 ‘v

(jom3u0)
‘UojuaAINU|) ‘ON

CrFLLE

LTV F9C6CDD
9L€¥+¥9°8¢D3
Gl

8¢<
P8 E€F LS VEDD
L9V F0L°5EDT

6'v€-0'SC

LCYF9C°6¢DD
S6'v+8Y'LEDT
6'vE-L"SC
0¥-0€
'0€-L8C
0€-L8¢C
’0€-L8C

9€°CF L¥'8¢C
8VFLEE
8VFLEE
CYFLLE
6°6€-0€

(zw[B>)ing

0/ooL

VN
o/ooL

VN

L9]g€

o/ooL

N
o/ooL
00L/0
o/ooL
o/ooL
o/ooL

o/ooL
N
VN
o/oolL
VN

(ojeway
[a1ew) 1apuan

L'LFZ6L

9°CF8E'LT
€9

6L-6GL

0/-8L

LSTLFLC
59-0¥%
0£-09
8/-99
8/-59
8/-99

€8°CF1EST
€8FEGY
€8FESh
L'LFT6L
§9-6¢

(s1eak)aby

uede|[

uel|

vsn

vsn

Iizeig

eljelsny

ued|
puejuu
vsn
EREETD)
EREETD)

909310

2310
vsn
vsn

uede|[

vsn

uoibay

(9) S00Z “|e 32 etey

(d) zL0T “|e 32 pesy
600 “|e 33 [291b17

£002 e 39 J3||IN
(9) €10z “[e 19 BI3.Q-]PPY

SL0Z °[B 32 JAZUIM
3S|D19X3 pauIquio)

(9) zL0Z “*[e 33 pesy

(9) €10z “|e 39 1n1efoUaA
ZL0z “e 39 sdijjiyd

(2) 500 “’|e 33 so1no3eq
(9) 500z “[e 32 soinojey
() 5007 ““|e 39 So1n03eq
3S1D19X3 dUEISISAY
GLOZ “|e 3D Wy
(Q)¥00Z “I2 33 [[921BN
() 00z “|e 32 |[221e\
() S00Z e 19 BsEH
€10Z |2 33 lygeins

(1e34) Apms

paINuNuo) | |qel «

Horm Metab Res

Yu N et al. Meta-Analysis of Leptin and Adiponectin ...



& Thieme

Leptin

Aerobic exercise
Abbenhardt et al, 2013
Ackel-D* Elia et, 2013(a)
Auerhachetal, 2013
Barheau et al, 2003(a)
Barheau et al, 2003(h)
Beavers etal, 2013
Frank et al, 2005
Hara et al, 2005(a)
Karacahey, 2009
Kelly et al, 2007
Kim et al, 2015
Kraemer et al, 1999
Surabhietal, 2013
Venojarvi et al, 2013(a)
I-squared=20%, p=0.23

Resistance exercise
Fatouros et al, 2005(a)

Fatouros et al, 2005(h)
Fatouros et al, 2005(c)
Phillips et al, 2012
Venojarvi et al, 2013(h)
I-squared=82%, p<0.001
Combined exercise
Ackel-D’ Elia et, 2013(h)
Hara et al, 2005(h)
Ligibel et al, 2009
Miller et al, 2004
Winzer etal, 2015

I-squared=34%, p=0.19
Over all
I-squared=63%, p<0.001

Mean Difference

Mean Difference

Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
191% -2.50 [-5.33, 0.33] =

0.8% -11.08 [-25.08, 2.92] =
12.8% -7.20 [-10.67,-3.73] ——

0.6% -0.10 [-15.75, 15.55] R

0.5% -5.60 [-23.22,12.02]

28% -3.40[-10.84, 4.04] —i
11.7% -1.90[-552 1.72) —r
16.0% -110[-4.19,1.99) -

53% -9.40 [-14.78,-4.02] —

0.1% -2.00 [-34.10, 30.10]

14.8% -4.28[-7.49,-1.06] -

22%  1.59[-6.81,9.99] —r—

0.2% -15.00 [-39.79, 9.79]

13.0% -3.60[-7.03,-0.17) ——
100.0% -3.61[-4.85, -2.37] N
260% -0.20[1.13,0.73] :I
26.2% -0.10([-1.01,0.81]

26.8% -1.80 [-2.60,-1.00] -

8.8% -8.00 [-11.93,-4.07] _

122% -0.70 [-3.76, 2.36) —
100.0% -1.35[-2.74, 0.04] Py

1.0% -15.80 [-29.12, -2.48)

17.2%  -0.30 [-3.46, 2.86) ——
737%  -050[-2.02,1.02] ]

37%  1.90[-4.89, 8.69] ——

44%  -290[-9.14,3.34] —
100.0%  -0.63 [-1.94, 0.68] ¢
100.0% -2.24 [-3.26, -1.23] , , * , ,
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> Fig. 1 Forest plots for changes in leptin: Forest plot of randomized controlled trials comparing the effects of exercise of different modalities and
overall effects on serum leptin with control/comparator. Weighted mean differences (95 % Cls) for leptin levels are shown. Pooled estimates
(diamonds) calculated by the random effects method. IV: Inverse variance.

Discussion

To the best of our knowledge, this is the first study to systematical-
ly analyze the effect of exercise on serum leptin and adiponectin
levels in overweight and obese subjects. Leptin, a 167 amino acid
peptide hormone, is encoded by the obesity gene and mainly se-
creted by white adipose tissue [11]. Leptin is not only an “adipostat”
that can repress food intake and promote energy expenditure but
also has aroleininflammation [3]. Adiponectin, also secreted main-
ly by the white adipose tissue, is a 30-kDa protein and has anti-in-
flammatory, antidiabetic and anti-atherogenic properties [46].
Overweight and obese subjects are known to have increased serum
leptin and decreased adiponectin levels [47]. Previous studies sug-
gested that increased serum leptin and/or decreased serum adi-

ponectin levels are causally related to various chronic diseases such
as T2DM [2], cardiovascular diseases [3], and some cancers [4, 5].

Here we found that exercise significantly reduced serum leptin
levels by 2.24 ng/ml and increased adiponectin levels by 0.38 pg/ml,
which suggests that these changes may provide considerable health
benefits. Although an association between exercise and serum lep-
tin and/or adiponectin levels in overweight and obese subjects has
been investigated in a number of studies, the evidence has not been
conclusive. The mechanisms responsible for the effects of physical
activity impacting serum leptin and adiponectin levels have not been
fully deciphered. Itis likely that serum leptin and adiponectin levels
are strongly related to certain anthropometric changes, including
body composition, weight loss, BMI, and body fat distribution [48].
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Adiponectin Mean Difference Mean Difference

Aerobic exercise _Weight IV, Random, 95% CI IV, Random, 95% ClI
Ahhenhardt et al, 2013 4.3% 0.00 [-1.52, 1.52)
Arsenault et al. 2009 a.99% 0.02 [-0.82, 0.86) _
Asad et al, 2012(a) 02% 239(-6.04,1082) * >
Auerbachetal, 2013 0.0% 13.70[-13.73,41.13) 4 *
Beavers et al, 2013 40%  0.03[-1.57,163)
Hara et al, 2005(a) 2.9% 0.10 [-1.86, 2.06)
Johannsen et al, 2012(a) 10.7% 0.10 [-0.56, 0.76) _
Johannsen et al, 201 2{h) 10.1% 0.12[-0.59, 0.83) —_—
Johannsen et al, 2012(c) 10.3% -0.14 [-0.84, 0.56] —_—
Kelly et al, 2007 30% -0.70[-261,1.21)
Kim et al, 2007 21%  0.40[-1.93,2.73]
Kim etal, 2015 27% -092[-2.981.13)
Lee etal, 2012 69%  1.97[0.91,3.03 —
Marcell et al, 2004 {h) 1.0% 2.80 [-0.82, 6.42] »
Marcell et al, 2004(a) 1.0% 260 [-1.02,6.22) »
Moghadasietal, 2012 4.7% 1.60[0.18, 3.02)
Murphy et al, 2009 36%  0.10(-159,1.79]
Pasqualini et al, 2009 7 5% 0.60 [-1.55, 2.75)
Racil etal, 2013(a) 7.3%  0.50[-0.50,1.50] o
Racil et al, 2013(h) £.3% 2.00(0.85, 3.15) =
Surahhietal, 2013 5004 -0.01 [-1.23,1.21] _—
Venojawvi etal, 2013(a) 1.9% -0.20 [-2.69, 2.29]
l-aquared=33%, p=0.07 % /
Resistance exercise B 0.4210.06,0.79] &
Asad et al, 201 2(h) 31% 2.39[-6.07,10.85]
Fatouros et al, 2005(a) 15.6% 0.41[3.37,4.19] =
Fatouros et al, 2005{h) 166% 1.07 [-2.60,4.74] =""——
Fatouros et al, 2005(c) 21.4% 3.70[0.48,6.92) ——
Venojarwvi et al, 2013(h) 43.3% 0.70[-1.57, 2.97] ——
I'squared=0%,p=061 100.0% 1.41[-0.08, 2.90]
Combined exercise >
Asad et al, 2012(c) 0.9% 488[-3.23,12.99
Hara et al, 2005(h) 11.8% 0.20[-2.01, 2.41] —_—
Ligibel et al, 2009 84% 010252272 e
Winzer etal, 2015 79.0% 0.30[-0551.15] r
I-squared=0%, p=0.74 100.0% 0.31[-0.45, 1.07]
Over all
I-squared=19%, p=0.17 100.0% 0.38 [0.13, 0.63) PS
= =Y 0 2 4

Favours [experimental]

Favours [control]

> Fig. 2 Forest plots for changes in adiponectin: Forest plots of randomized controlled trials comparing the effects of exercise of different
modalities and overall effects on serum adiponectin with control/comparator. Weighted mean differences (95 % Cls) for adiponectin levels are

shown. Pooled estimates (diamonds) calculated by the fixed effects method. IV: Inverse variance.

Itis known that interleukin-6 (IL-6) promotes the expression of lep-
tin mRNA and inhibits adiponectin mRNA expression, and physical
activity may be impacting serum leptin and adiponectin levels by
decreasing IL-6 [49, 50]. Furthermore, catecholamines’s response to
exercise may also be an important factor in the exercise-induced
changes in serum leptin and adiponectin levels [33,48].

Yu N et al. Meta-Analysis of Leptin and Adiponectin... Horm Metab Res

There is substantial inter-study heterogeneity in the overall ef-
fect on serum leptin levels. The findings of the present meta-anal-
ysis indicated that exercise modality could explain the heteroge-
neity to some degree. Serum leptin and adiponectin levels present-
ed significant changes in response to AE but not RE or CE. Since
serum leptin and adiponectin levels are strongly related to body
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> Table 2 Result of subgroup analysis of included randomized, controlled trials in meta-analysis.

Groups Leptin (ng/ml) Adiponectin (pg/ml)
n WMD (95 %CI) P 2 (%) I:‘heterogeneity n WMD (95 %CI) P 2 (%) Pheterogeneity

Duration

<12 wk 5 -1.70 (-3.48, 0.08) 0.06 0 0.41 9 0.00(-0.84,0.84) 1.00 0 0.88

>12 wk 19 -2.44 (-3.60, -1.27) <0.01 69 <0.01 22 0.53(0.17, 0.90) <0.01 36 0.05
Intensity of Aerobic exercise

Ll or MI 5 -1.16 (-2.98, 0.66) 0.21 0 0.94 12 0.46 (0.02, 0.90) 0.04 42 0.06

HI 5 -6.29 (-8.43, -4.16) <0.01 0 0.47 7 0.74 (0.05, 1.44) 0.04 38 0.14

Data are meta-analyzed by using a random-effects model or fixed-effects model as appropriate and are presented as WMD. Statistical heterogeneity
was assessed by using the chi-square test and quantified by using the 2 statistic. WMD: Weight mean difference

composition, weight loss, and body fat distribution [48], the results
of the present study support those of a recent network meta-anal-
ysis [51], which also showed that AE is more effective at reducing
body weight, fat mass, and waist circumference. Thus, it can be
suggested that AE is an effective modality to alter body mass that
is more likely to affect serum leptin and adiponectin levels than RE.
It may be worthwhile to note that including studies of CE in the
present meta-analysis with AE weakened the effect of AE, which
may account for the lack of effect of CE. After all, in most studies,
the total time or amount is approximately equal (AE vs. CE) and RE
occupies some AE time or amount in the CE intervention. The sub-
group analysis indicated that HI AE can significantly reduce serum
leptin levels, whereas LI and MI AE had no significant effects. In ad-
dition, HI AE resulted in a slightly increased serum adiponectin
level, while LI and MI AE had no effects. The findings of this analy-
sis are consistent with the results of previous studies [52, 53], which
suggested that physical activity has a dose-dependent effect on
serum leptin and adiponectin levels and that Hl exercise is more ef-
fective than Ml exercise. Since Hl results in higher energy expend-
iture, it willinduce a greater reduction in weight or fat mass. Klim-
cakova and his colleagues [54] concluded that a small weight re-
duction of even 1% significantly decreases serum leptin levels. Itis
possible that LI and MI AE did not resultin sufficient weight loss and,
therefore, could not significantly reduce serum leptin levels as
noted in the present analysis. Moreover, a previous study revealed
that a weight loss of at least 10 % is needed to increase serum adi-
ponectin levels [16]. Itis possible that HI, MI, and LI AE in the pres-
ent study resulted in weight loss that can augment serum adi-
ponectin levels. A recent study in experimental animals [17]
indicated that intense exercise that contributed to weight loss in-
cluding a fat mass reduction may have triggered adiponectin se-
cretion. Short-term exercise (<12 weeks) and long-term exercise
(=12 weeks) showed contrasting results regarding changes in
serum leptin and adiponectin levels. Our study indicated that short-
term exercise had insignificant effects on serum leptin and adi-
ponectin levels, whereas long-term exercise produced significant-
ly decreased serum leptin and increased serum adiponectin levels,
which supports previous results [55]. Although the exact mecha-
nism is not clear, we propose that long-term exercise may resultin

significant weight loss and an adipose tissue decrease that contrib-
ute to significant changes in serum leptin and adiponectin levels.

The sensitivity analysis of leptin indicated that these conclusions
are robust. However, caution is needed with regard to interpreting
the changesin serum adiponectin levels since the removal of stud-
ies with high heterogeneity or a small sample size resulted in insig-
nificant pooled effects. We believe that the increase in serum adi-
ponectin is unreliable due to the inclusion of studies with high het-
erogeneity and small trials with extreme effects. Therefore, our
study is consistent with a previous meta-analysis of patients with
T2DM [56], which indicated that exercise may not be associated
with significant changes in serum adiponectin levels.

Our study has several limitations. First, few of the included RCTs
reported concealed allocation, and almost all of them did not have
blinded outcome assessments. However, we found no correlation
between study quality and the noted outcomes. Second, signifi-
cant publication bias of the 2 indices was observed in this me-
ta-analysis. This is probably due to gray literature, unreported neg-
ative results, or ourinclusion of only those articles published in Eng-
lish. Third, some RCTs had fewer than 20 participants for each
group, which tend to lead to extreme effects. Hence, further stud-
ies with large sample sizes are required to confirm these results.

In conclusion, our meta-analysis revealed that exercise, particu-
larly aerobic exercise, had a significant effect on serum leptin and
a possible influence on adiponectin levels. However, caution is
needed with regard to the conclusions of the effect of exercise on
serum adiponectin because some of the studies with high hetero-
geneity or a small sample size were included in the present analy-
sis. In summary, exercise promises to be a reasonable therapeutic
option to improve serum leptin and adiponectin levels in over-
weight and obese individuals, which may prevent complications of
overweight and obesity.
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