Oncotarget, 2017, Vol. 8, (No. 43), pp: 75389-75399

www.impactjournals.com/oncotarget/

Meta-Analysis

The association between obesity related adipokines and risk of
breast cancer: a meta-analysis

Yu Gui**, Qinwen Pan'*, Xianchun Chen?!, Shuman Xu!, Xiangdong Luo?3
and Li Chen'?3

'Breast Disease Center, Southwest Hospital, Third Military Medical University, Chongging, China

2Burn Research Institute, Southwest Hospital, Third Military Medical University, Chongqging, China

3National Key Laboratory of Trauma and Burns, Chongging Key Laboratory of Disease Proteomics, Chongging, China
“These authors contributed equally to this work

Correspondence to: Li Chen, email: lichen2007@126.com

Keywords: obesity, adipokine, breast cancer

Received: January 12, 2017 Accepted: April 25, 2017 Published: May 13, 2017

Copyright: Gui et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 (CC BY
3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

The risk of breast cancer is significantly increased among obese women as
the deleterious adipokines can be over secreted and beneficial adipokines can be
hyposecreted. We aim to evaluate the association between obesity-associated
adipokines and breast cancer. We searched PubMed, EMBASE, Web of Science, and
Chinese Biomedical Literature (CBM) databases for studies reporting association
of obesity related adipokines with breast cancer published before Sept. 15, 2015.
Initially, 26783 publications were identified, and later, 119 articles were selected
for further meta-analysis. Out of these 119 studies, twenty-six studies had reported
adipokine levels among obese and non-obese healthy subjects and ninety-three
studies had reported adipokine levels among patients with breast cancer. The subjects
with BMI >25 kg/m2 had significantly lower adiponectin levels and higher leptin and
tumor necrosis factor-a (TNF-a) levels than those with BMI <25 kg/m2. Decreased
concentrations of adiponectin, and increased concentrations of leptin, IL-6, IL-8,
TNF-q, resistin and visfatin were significantly associated with risk of breast cancer.
Adipokine levels were strongly associated with breast cancer among Asian women as
compared to non-Asian women. Our results might explain the relationship of obesity,
adipokine levels and risk of breast cancer, especially in Asian women.

INTRODUCTION

Breast cancer is the most common cancer across
the world. Approximately, 508,000 females died due to
breast cancer in 2011 world over [1]. Breast cancer is now
a disease of both the developed and developing countries.
Obesity is an important modifiable risk factor for breast
cancer. Current WHO data shows that worldwide obesity
has more than doubled since 1980 [2]. About 39% of the
global population is overweight or obese, with higher rates
seen among women [2]. Obesity has been an increasing
public health problem for the past 30 years; and currently
almost all nations are affected by this health disorder.
Obesity is considered an important risk factor for many

serious diseases, including diabetes mellitus, metabolic
syndrome, cardiovascular diseases, and certain cancers
[3]. During the past decade an explosion of evidence
has linked obesity with increases in the incidence
of cancer and associated mortality [4]. Overweight/
obesity is also an important risk factor for breast cancer
among postmenopausal women [5]. Excess body weight
significantly increases the risk of postmenopausal breast
cancer risk by 30%—-50% [6]. Obesity is also associated
with increased tumor burden and histo-pathological grade,
and a higher incidence of lymph node metastasis among
breast cancer patients [4]. The mechanisms by which
obesity contributes to breast cancer are complex and have
not yet been fully elucidated. Several reports have shown
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that abnormal levels of estrogen, insulin or adipokines
may be responsible for the increased risk of breast cancer
among obese women [7, 8].

Adipokines, small peptide hormonal growth factors,
are mainly secreted by adipocytes of white adipose tissue.
Breast tissue mainly comprises of adipocytes (almost
90%), and epithelial cells (rest 10% of the breast volume)
[9]. Over-secretion of deleterious pro-inflammatory
adipokines such as leptin, tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), interleukin-8 (IL-8), plasminogen
activator inhibitor-1 (PAI-1), resistin, hepatocyte growth
factor (HGF), and hyposecretion of beneficial adipokines
like adiponectin and visfatin has been reported among
obese persons [10, 11]. The dysfunction of adipokine
pathways is considered as an important cause of obesity
induced disease [10, 11]. Recently, there has been a
considerable interest in the potential role of adipokines
in the development of breast cancer [12]. Vona-Davis
et al. also demonstrated that adipokines are the major
contributing factors for obesity associated breast cancer,
and recent meta-analyses have shown that adiponectin
levels are lower in breast cancer patients [13, 14].

Although over twenty adipokines are known; only
twelve (adiponectin, leptin, IL-6, TNF-a, HGF, PAI-1,
resistin, secreted frizzled-related protein 5 (SFRP-5),
lipocalin 2, IL-8, apelin and visfatin) have been implicated
in breast cancer [15]. With the aim to gain a better insight
into the relationship between obesity and breast cancer
risk, we sought to clarify the contribution of individual
adipokines (adiponectin, leptin, and IL-6 efc.) to obesity,
and to provide a reference for breast cancer biomarkers.
We conducted a meta-analysis to investigate the association
between adipokines, obesity and risk of breast cancer.

RESULTS

Characteristics of identified studies

Initially, the database search identified a total of
26783 studies. After evaluating the titles and abstracts,
26509 studies were excluded. Subsequently, 274
potentially relevant full text articles were reviewed
further. Among these, 155 were excluded for the following
reasons: seventy-nine studies had no or insufficient data,
nine had same or overlapping data, thirteen studies
had detected adipokine levels in breast tissue, thirty-
eight articles were reviews, commentaries or letters,
five studies included male participants, three articles
had conducted in-vitro estimation, and additional eight
studies were excluded because of unavailability of full
text. Finally, 119 were selected for meta-analysis, twenty-
six studies had compared levels of adipokines among
obese and non-obese healthy subjects and ninety-three
studies had evaluated among patients with breast cancer.
Supplementary Figure 1 shows the flow of the literature
search and selection criteria.

The general characteristics of participants from
all the included studies are presented in Supplementary
Table 1 and Supplementary Table 2. A total of 3787
cases and 5231 controls had been included in studies
investigating the association of adipokines and obesity
among obese and non-obese subjects; 12,301 cases and
12,805 controls had investigated the adipokines levels and
breast cancer risk. Twenty-six studies (including 23 case-
control studies and 3 cross-sectional studies) had reported
adipokine levels among obese and non-obese healthy
subjects; 11, 16, 7,9, 4, 2 and 1 studies had analyzed the
levels of adiponectin, leptin, IL-6, TNF-q, resistin, visfatin
and PAI-1, respectively. Of the 93 studies (including 85
case-control studies, 2 cross-sectional studies and 6 cohort
studies) reporting levels of adipokines levels among
patients with breast cancer, 46 had evaluated leptin, 29
had evaluated adiponectin, 29 had estimated IL-6 levels,
17 had estimated TNF-a., six had evaluated resistin, and
lastly, three each had evaluated HGF, PAI-1, and visfatin.
The main adjustments in each individual study were BMI,
adiponectin, leptin, resisitin and visfatin (Supplementary
Table 2). The quality scores of all studies were at least 6
(Supplementary Table 1 and Supplementary Table 2).

Global analysis of adipokines on obese and non-
obese subjects

This meta-analysis demonstrated that the levels of
adiponectin were significantly lower in the subjects with
BMI >25 kg/m? than those with BMI < 25 kg/m?, pooled
SMD -1.19 (95% CI, -2.00, -0.39; P=0.004) (Figure 1A).
The subjects with BMI > 25 kg/m? had significantly higher
concentrations of leptin and TNF-a than those with BMI
< 25 kg/m?, pooled SMD of 1.83 (95% CI, 1.53, 2.14;
P < 0.00001) and 1.97 (95% CI, 0.23, 1.71; P = 0.01),
respectively (Figure 1B and 1D). There was no significant
difference in the levels of IL-6, resistin and visfatin
between subjects with BMI > 25 kg/m? and those with
BMI < 25 kg/m? (Figure 1C, 1E and 1F). The subjects with
BMI > 30 kg/m? had significantly lower concentrations
of adiponectin than those with BMI < 30 kg/m? and the
levels of leptin and TNF-a were significantly higher in the
subjects with BMI >30 kg/m? than those with BMI < 30
kg/m? (Supplementary Figure 2). Subgroup analysis on
basis of study design shows similar results among cross-
sectional and case-control studies for adiponectin, leptin,
IL-6, and TNF-a levels (Supplementary Figure 3).

Global analysis of adipokines on breast cancer
occurrence

Analysis shows that the cases had significantly
lower levels of adiponectin than controls , pooled SMD
of-0.64 (95% CI, -0.81, -0.46; P <0.00001) (Figure 2A).
Mean concentrations of leptin, IL-6, IL-8, TNF-a, resistin,
and visfatin were higher in cases than controls (pooled
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SMD 0.96 (95% CI, 0.74, 1.18; P < 0.00001), 2.15 (95%
ClI, 1.64, 2.66; P <0.00001), 3.41 (95% CI, 1.88, 4.93;
P <0.0001), 1.70 (95% CI, 1.10, 2.30; P < 0.00001),
1.11 (95% CI, 0.31, 1.91; P = 0.006), and 1.06 (95%
CI, 0.20, 1.93; P = 0.02), respectively (Figure 2B-2G).
However, PAI-1 and HGF levels did not differ
significantly between cases and controls (Figure 2H
and 2I). Subgroup analysis for adiponectin and leptin on
basis of study design showed consistent results among
cross-sectional and case-control studies, except cohort
studies (Supplementary Figure 4).

Influence of race on levels of adipokines

A correlation could be observed between the levels
of adipokines and incidence of breast cancer among
Asians. The adiponectin levels of Asian cases were lower
than the Asian controls, with a pooled SMD -1.03 (95%
CI, -1.39, -0.67; P < 0.00001), but this association was
not significant among non-Asians (SMD, -0.13; 95%
CI, -0.28, 0.02; P = 0.08) (Figure 3A). Both Asian and
non-Asian cases had significantly higher leptin levels
than controls, with a pooled SMD of 0.21 (95% CI,
0.05,0.37; P=10.01) and 1.48 (95% CI, 1.05, 1.92; P <
0.00001), respectively (Figure 3B). Similar association
was found for IL-6 and TNF-a levels (Figure 3C and
3D). The resistin levels were significantly higher among
Asian cases than Asian controls with pooled SMD of
1.57 (95%CI, 0.53 - 2.60; P = 0.003), but resistin levels
did not differ significantly between non-Asian cases and
controls (Figure 3E).

Influence of sample types and detection method

While evaluating the relevance of sampling, our
results show that serum levels of adiponectin, leptin,
IL-6, TNF-a and resistin differed significantly between
cases and controls, with a pooled SMD of -0.91 (95%
Cl, -1.21, -0.60; P < 0.00001), 1.20 (95% CI, 0.84, 1.56;
P <0.00001), 2.13 (95% CI, 1.62, 2.65; P < 0.00001),
1.75 (95% CI, 1.23, 2.26; P < 0.00001), and 1.48 (95%
Cl, 0.14, 2.82; P =0.03), respectively (Figure 4). On the
other hand, only plasma levels of adiponectin (pooled
SMD, -0.23; 95% CI, -0.41, -0.04; P = 0.02), leptin
(pooled SMD, 0.50; 95% CI, 0.28, 0.71; P < 0.00001) and
IL-6 (pooled SMD, 2.21; 95% CI, 0.87, 3.54; P=0.001)
(Figure 4A—4C) differed significantly. Plasma levels of
TNF-a and resistin did not differ significantly between
cases and controls (Figure 4D—4E).

Levels of adiponectin, leptin, TNF-a and IL-6
detected by ELISA differed significantly between cases
and controls, with a pooled SMD of -0.70 (95% CI, -0.93,
-0.47; P <0.00001), 0.56 (95% CI, 0.33, 0.82; P < 0.0001),
2.06 (95% CI, 1.56, 2.56; P < 0.00001) and 1.95 (95% CI,
1.36, 2.54; P < 0.00001), respectively (Supplementary
Figure SA-5D). Detection of mean adipokine levels by
Radioimmunoassay (RIA) indicated significant differences
between cases and controls, with a pooled SMD of -0.15
(95% (1, -0.42, 0.11; P=0.26), 1.28 (95% CI, 0.87, 1.69;
P <0.00001), 4.05 (95% CI, 1.69, 6.41; P = 0.0008) and
1.41 (95% CI, 1.13, 1.70; P < 0.00001), respectively
(Supplementary Figure 5SA—5D), but these associations
were not significant when Multiplex assay was used.
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Figure 1: Association of adiponectin, leptin, IL-6, TNF-0, resistin and visfatin with BMI.
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Association of adipokines and clinical
parameters in breast cancer

ER positive cases had significantly higher leptin
levels than ER negative cases (SMD, 0.65; 95% CI, 0.02,
0.04). Adiponectin levels were significantly

1.28; P

A Adiponectin

lower among patients with TNM III and IV stage cancer as
compared to patients of TNM I and II stage cancer (pooled
SMD 0.67, 95% CI, 0.36, 0.97, P < 0.0001). On the other
hand, the mean concentration of leptin, IL-6, TNF-o and
HGF were significantly higher in TNM III/IV stage patients
than those of TNM I/I1

stage (pooled SMD -1.51, 95%
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Huang 2006 3051 3028 36 1263 226 56 15%  686(576,7.95 - Experimental Control Std. Mean Difference Std. Mean Difference
412009 19573 7352 B4 112 21 35 21%  137[092,183 - tudy or Subaroup _ Mean Total Mean Total Weiaht _IV, Random, 95% CI IV, Random, 95% C1I
Jiang 2008 3306 2728 68 1242 557 40 22% 0.930.52,1.34) . Assir 2015 1836 392 82 1557 241 68 33.0% 084[050,1.17] -
Komer 2007 1M 49 74 113 52 76 22%  -0.06(036,026) Dalamaga 2012 579 313 103 436 28 103 335% 0.48(0.20,0.76] o
Li2008 12025 112545 878511040 21% 1:8411.34,235) - Li2014 656 169 248 372 96 100 335% 1.87[1.60,2.14) =
Liu 2007 1043 755 47 813 316 41 22% 0381004081 -
Liu2010 1357 633 79 235 068 60 22%  233[189,276] - Total (95% CI) 271 1000%  1.06(0.20,1.93) >
“:'“220“"‘2 7535 ‘:; fg f ; 0‘53 g: § :1: ; Ig g S 3\‘;} T Heterogeneity: Tau"= 0.56; Chi*= 52.48, df= 2 (P < 0.00001); F'= 96% e 3
¥ 3 = =
Maccio 2010 25917 12523 180 1884 13584 221 23% 0.54(0.34,0.74) - Testloroveral efect 2 ®=002 Favours [Breast cancer] Favours [control]
Mantzoros 1999 1369 1157 83 1603 1445 69 22%  -018F050,014] 1
Mantzoros 2004 244 161 174 241 184 167 23% 0.02[-0.19,0.23]
Miyoshi 2006 952 09 104 1086 089 104 22%  -1.49(1.80,-1.18] - H PAI-1
Mohammadzadeh 2015 69267 43179 100 3263 26011 100 23%  1.01[072,131) - Exvermental Control Std. Mean Difference Std. Mean Difference
Ollberding 2013 229 833 706 19 82 706 23%  047(037.058] tway o ean ota 1V, Random, 9 Rand
0zet 2001 27 2064 58 1765 739 58 22%  060(023,097) - Gunter 2015 Teda Ta5 615 14070 TR o 30s% 094 0.06,0.13]
PazatowPanayiotu2007 109 516 74 114 523 76 22%  -0100042,022) ¥im 2000 1897 651 98 2338 925 6 335%  -0.55(0.84,-026) u!
Romero-Figueroa 2013 903 275 76 371 326 76 22%  176[136,213] - Wang 2010 12644 5863 88 3893 1835 39 320%  1.74[130,217) =
‘Santillan-Benitez 2013 226 152 40 185 16 48 22% 0.30[-012,073] T
167 787 149 174 8667 258 23%  -0.05(025.015] Total (95% C) 1061 956 1000%  039[0.51,1.29]
Wang 2005 298¢ 2844 64 1336 313 31 21%  070[026,1.14] - Heterogeneity. Tau= 0.61; Chi*= 74.74, df= 2 (P < 0.00001); F= 97% T e Y ST
Wang 2015 30. 5. 70 12 51 50 21% 3.05(251,358) - Testfor overall effect Z= 0.84 (P = 0.40) " "
Woo 2005 13417 11633 45 9817 6295 45 22%  0.38[0.04,080] r P00 Favours [Breast cancer] Favours [control
Wu 2009 1008 6744 266 84 63 593 23%  029(014,0.44]
Yu 2005 2197 813 46 1225 238 41 21% 1.41(0.94,1.68) - I HGF
Znang 2012 835 557 43 531 338 43 22%  065[022,1.00 - Experimental Control Std. Mean Difference Std. Mean Difference
Zhang 2013 265 14043 64 154 102 35 22%  086(043.1.29] -
Zhu 2011 1925 865 50 625 425 50 21%  189[1.42,237] - ‘Ahmed 2012 1198 0504 44 0884 0255 15 318% 068(0.08,1.29)
' Chen 2005-2 0529 0123 126 0343 0031 35 3%  169(1.27.210] -
Total (95% Cl) 7155 1000%  096[0.74,148] Gunter 2015 0611 0157 875 0604 015 821 349% 0050005014
Heterageneity Tau?= 0.53, ChP = 154655, m-ts@«nnnnuu F=97% T t
Tosttor oversll eflect: 2= 8.58 (P <0.00001) Favours [Breast cancer] Favours [control] Total (95% CI) 871 1000%  0.79[.032,1.91] >
Heterogeneity. Tau?= 0.93; Ch*= 59,05, df= 2 (P < 0.00001); F= 97% —

C IL-6
Experimental Control Std. Mean Difference
Ahmed 2006 253 1397 30 15 05 10 33% 18101.07,275)
Benoy 2002 91 195 104 05 04 26 36% 049(0.05,092)
Dalamaga 2013 1828 1139 102 868 478 102  36% 110(0.80,1.39)
Gunter 2015 14 0467 875 14 0433 821 37% 0.00[-0.10,0.10]
Hu 2015 0143 0029 52 004 0008 40 34% 452(3.73,5.30)
Hussein 2004 11138 9242 40 175 095 10 34% 130(0.55,2.04)
Kesler 2012 11 11 20 14 28 23 35%  -013}0.73,047)
Kim 2009 3666 9493 98 3327 7537 96 36% 0.04 (0.24,0.32]
Kozlowski 2003 317 23438 45 419 176 25 35% 1.44(089,1.99)
1998 212 98 45 102 64 17 35% 1.20{0.60,1.80)
Li2011 6418 1454 60 3325 1028 40 35% 23601.84,288)
Li2013 764 48 30 325 51 45 28%  872(7.21,1023)
Li2015 il 6 50 18 3 20 34% 241(1.75,3.07)
Ling 2014 227 24825 86 09 1525 62 36% 1.21(084,1.59)
Liu 2007-1 1191 136 28 477 58 30 29% 6.82(5.44,8.21)
Maccio 2010 17.04 6938 180 352 2086 221 36% 275(248,3.03)
Narija 2011 112 28175 58 51 1385 30 35% 0.25-0.19, 0.69]
Premkumar 2007 268 788 84 32 0876 42 35% 363(3.04,4.21)
€i2013 6748 1851 61 1793 657 18  34% 295(2.24,366]
‘Soygur 2007 18 9 30 75 475 30 35% 144(087,201)
Sun 2000 693 342 30 326 68 20 35% 134[0.71,1.97)
Sun 2011 51983 28609 145 2261 974 50 36% 116(0.82,1.50)
Tripsianis 2014 681 165 112 149 046 45 35% 373(319,4.28)
Wang 2006 37795 29274 73 105 92 30 35% 1.07(0.62,1.53)
‘Wang 2007 61 106 48 448 085 30 35% 157(1.05,2.10)
Yang 2001 137 14 38 50 7 40 29% 784(651,9.18)
Yang 2015 1675 0204 100 128 013 30 35% 207(1.59,255
Yu2004 25546 231.32 50 10885 448 30 35% 079(0.32,1.26)
Zhuang 2008 6222 1531 62 3520 1179 50 36% 193(148,238)
Total (95% CI) 2716 2033 100.0% 245[1.64,2.66)

Heterogeneity: Tau* = 1.85; Chi*= 1272.82, df= 28 (P < 0.00001); = 98%
Testfor overall effect: Z=8.27 (P < 0.00001)

Std. Mean Difference

Testfor overall effect Z=1.39 (P = 0.16)
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Figure 2: Association of adiponectin, leptin, IL-6, IL-8, TNF-a, resistin, visfatin, PAI-1 and HGF with breast cancer

risk
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CI, -2.41, -0.60, P = 0.001; -1.38, 95% CI, -1.72, -1.04,
P <0.00001; -1.38, 95% CI, -2.39, -0.36, P = 0.008; and
-6.94, 95% CI, -7.89, -5.99, P < 0.00001, respectively).
Leptin and TNF-a levels were also significantly higher
in lymph node metastasis (LNM) positive cases than in
LNM negative cases, with a pooled SMD of 0.80 (95%
CIL 0.45, 1.14; P <0.00001) and 0.63 (95% CI, 0.30, 0.96;
P =10.0002) respectively. Leptin levels were significantly
higher among postmenopausal cases than premenopausal
cases (Table 1).

Heterogeneity tests indicated a significant
heterogeneity among studies with 2 > 70% (Figure 2).
Heterogeneity was significantly reduced when studies
were grouped by detection method (with 2 = 0%)
(Supplementary Figure 5D). We also observed that
heterogeneity was markedly reduced after grouping of

A adiponectin

Experimental Control Std. Mean Difference Std. Mean Difference.

r bt Total
1.51 non-Asians
Cust2009 69 1867 561 66 2167 561 37% 0.15[0.03,027)
Dalamaga 2013 169 98 102 198 104 102 35%  -0.29(057,-0.01) 7
Gross 2013 799 383 272 8704 4042 272 37%  -0.18[035,-001]
Gunter 2015 28597 6650 875 20317 6477 821 37%  -0.01(0.20,-0.01]
Hancke 2010 1853 757 159 1707 64 41 33%  010[024,0.45) r
Komer 2007 a1 4 74 13 47 76 33%  -050(083,-018] -
Mantzoros 2004 167 10 174 174 105 167 36%  -0070.28,014]
Oliberding 2013 89 3233 706 10 35 706 37%  -0.3300.43,-022) |
Panis 2013 442 177 40 1028 645 40 30%  -1.23(1.71,-075) -
Santilan-Benitez 2013 146 6 40 135 75 48 31%  016[026,05] T
Tworoger 2006 144 3125 1166 148 3188 1575 38%  -0.13(0.20,-0.06)
Tworoger 2006a 167 3021 311 155 2854 621 37% 0.38[0.24,051) -
Subtotal (95% CI) 4480 5030 421%  0.13[0.28,002)

Heterogeneity. Tau"= 0.05; Chi*= 114.45, df= 11 (P < 0.00001); F= 90%
Testfor overall eflect Z=1.74 (P = 0.08)

152 Asians
Anmed 2015 663 146 175 1047 529 175 36% 091113069 -
Al Awadhi 2012 8 4 14 63 3 77 35% -
Alokail 2013 148 1 8 191 12 83 25% —
Assii 2015 844 212 8 1086 16 68 33% -
Chen 2005-1 1024 58 100 1947 124 100 34% -
Gulcelik 2012 8563 2005 83 13005 3263 40 30% -
Guo 2015 634 350 1167 655 372 1167 38%

Han 2007 3264 1665 77 729 206 36 29% -
Hou 2007 86 292 80 1037 281 50 33% -
Kang 2007 693 32 41 76 35 43 31% B
Kim 2009 12802 10393 98 14358 6563 96 3.4% A
Minatoya 2015 5 32 63 81 57 76 33% -
Miyoshi 2003 757 313 102 883 38 100 35% 7
Shahar 2011 119 48 70 152 73 138 34% -
Wang 2013 812 287 82 1082 276 70 33% -
Yang 2006 3615 043 70 49 046 3B 27% .
Zhang 2012 456 26 43 643 486 43 3% -
Zhong 2013 61 146 46 869 188 35 29% -
Subtotal (95% CI) 2579 2405 57.9% L4
Heterogeneity. Tau?= 0.56; ChF = 489,81, df= 17 (P < 0.00001); F= 97%

Testfor overal efect Z= 5.58 (P < 0.00001)

Total (95% C1) 7059 7435 1000%  -063[0.81,-046] ‘

studies by menopausal status (I = 0%) (Supplementary
Figure 6C), suggesting that the classification of detection
method and menopausal status might contribute to
heterogeneity. Publication bias was detected by funnel
plots (Supplementary Figure 7), suggesting some evidence
of publication bias.

DISCUSSION

This meta-analysis summarized evidence for levels
of adipokines among obese and non-obese healthy subjects
and the relationship between circulating adipokines and
risk of breast cancer. Our findings indicate that obese
subjects had lower adiponectin levels and higher leptin
and TNF-a levels than non-obese subjects. We also
found that decreased circulating adiponectin levels and

C IL-6

Expermental Control Std. Mean Difference Std. Mean Difference
tudy or Subaroup __Mean Total Mean SO Total Weight IV, Random, 95%Cl
441 non-Asians.
Ahmed 2006 253 1397 30 15 05 10 33%  19101.07,275 -
8enoy 2002 91 195 104 05 04 26 36%  049[005092 .
Dalamaga2013 1828 1139 102 868 478 102 36%  1.10(080,139 -
Gunter 2015 14 0467 75 14 0433 821 37%  000(010,010]
Hussein 2004 1138 9242 40 175 085 10 34%  130[055204) —
Kesler 2012 1111 20 14 28 23 35%  -0130073,047) -
Kozlowski 2003 317 23438 45 419 176 25 35%  144[089,199) -
Maccio 2010 1704 6938 180 3525 2085 221 36% 2750248303 -
Nariia 2011 11228175 58 61 1365 30 36%  0250019,069 ™
Tripsianis 2014 891185 12 143 046 45 35 ImRI3420) -
Subtotal (95% CI) 35.2% 1.28(043,242) >

Heterogeneity. Tau* = 1.78; Chi*= 548 AE a( 9(P <0.00001); P-ws%
Test for overall effect Z= 2.97 (P = 0.003)

442 Asians
Hu 2015 0143 0029 52 004 0009 40 3% 452[373,530) -
Kim 2009 366 9493 08 3327 7537 95 36%  004(024,032
Kuang 1998 212 98 45 102 64 17 35%  1.20[060,180) -
6418 145 G0 3325 1028 40 35%  236(1.84,288 -
Li2013 764 48 30 325 51 45 28%  87201.21,1023 —
L2015 3 6 S0 18 3 20 4% 2410175307 -
Ling 2014 227 24825 66 09 1525 62 36% 1210084159
Liu2007-1 191136 28 477 58 30 29%  682(544,821) —_—
Premiumar2007 268 788 84 32 0876 42 35%  363(304421) -
0i2013 6748 1851 61 1793 657 18 34% 2950224366 -
Soygur 2007 18 9 30 75 475 30 35% 1440087201 -
5un 2000 693 342 30 3226 68 20 35% 134071197 —
Sun 2011 51983 28609 145 2261 974 50 36%  116(082,150 -
Wang 2006 37795 20274 73 105 92 30 36%  107(062153 -
Wang 2007 61 106 48 448 095 30 35%  157(1.05210) -
Yang 2001 197 14 3B 50 7 40 29%  784(651,918 —
Yang 2015 1675 0204 100 128 013 30 35%  207(159,258
Yu2004 25546 23132 50 10885 448 30 35%  079[032,126) -
Zhuang 2008 6222 1531 G2 3529 1179 50 36%  1.93(1.48,238) -
Subtotal (95% CI) 1150 720 64.8% 2.63[1.99,3.27] *

Heterogenelty. Tau* = 1.89; Chi*= 50351, df = 18 (P < 0.00001); F'= 96%
Test for overall effect Z=8.06 (P < 0.00001)

Heterogeneity. Tau* = 0.21; Chi*= 682.42, df= 29 (P < 0.00001); = 36%
Testfor overall effect Z= 7.08 (P < 0.00001)

1o 5 5
Testfor subarouo difierences: Chi*= 20.32. df= 1 (P < 0.00001). = 85.1% Favous [Ereastcancer] Favours conirol

B leptin
Experimental Control td. td.

tudy or Subaroup Mean _SD Total Mean SO Total Welaht IV, Random, 95% Ci . Random, 95% CI
2.4.1 non-Asians
Cust 2009 141 4033 561 145 45 561 23% -0.09(0.21,0.02)
Dalamaga 2013 28 172 102 28 175 102 23%  006(022,033
Geisler 2007 279 6194 44 25 1056 114  22% 0.86(0.49,1.22) -
Gross 2013 329 361 272 274 274 212 23% 0.17(0.00,0.34)
Gu2012 417 03 405 417 03 810 23% 000(0.12,012)
Gunter 2015 1395 5864 875 14406 5908 821 23% -0.080.17,0.02)
Hancke 2010 2087 1513 159 149 1281 4 22% 0.40(0.06, 0.75] [~
Harris 2011 155 5688 330 16.2 75 636 23% -0.10(0.23,0.03
Komer 2007 " 49 74 13 52 % 22% -0.06 (-0.38, 0.26]
Maccio 2010 25917 12523 180 1884 13584 221 23% 054 (0.34,0.74) u
Mantzoros 1999 1369 1157 83 1603 1445 69 22% -0.180.50,0.14) |
Mantzoros 2004 244 181 174 241 184 167 23% 0.02[-0.19,0.23)
Oliberding 2013 229 833 706 19 82 706 23% 0.47(0.37,0.58] u
Pazaitou-Panayiotou 2007 109 5186 74 1n4 523 7% 22% -0.10(0.42,022)
Romero-Figueroa 2013 903 275 7% 371 326 7% 22% 1.76(1.38,213) -
Santillan-Benitez 2013 26 152 40 185 16 48 22% 030(012,073] T
Stattin 2014 167 787 149 171 8667 258 23% -0.05(0.25,0.15)

Subtotal (95% CI) 50! 38.7% 0.21[0.05,0.37)

Heterogeneity. Tau*= 0.10; Chi
Testfor overall effect Z= 2.55

1), P= 92%

242 Asians
Al Awadhi 2012 275 21 144 207 114 77 23%  1.000071,1.30 -
Aliustaoglu 2010 2855 197 30 2643 194 30 21%  0.11F040,061) T
Alokail 2013 256 17 S5 16 22 53 18% 4870411562 -
Assii 2015 2459 557 82 1962 203 68 22%  114[073,149] -
Chen 2005-1 1384 118 100 1007 55 100 23%  039[011,067) o
Chen 2011 348 2022 50 1421 1156 60 22%  1.07(066,147) -
Coskun 2003 38620 18434 85 44 168 15 20%  -0.29}084,020] -
Ga0 2005 3172 2011 74 1165 307 30 21% 08103712 -
Han 2005 1357 086 90 946 06 103 19%  651(580,7.23 -
Hou 2007 135 042 80 106 039 50 22% 071034107 -
Huang 2006 3051 302 36 1263 226 56 15%  686(576,7.05 —
42009 19573 7352 64 112 21 35 21% 137092183 -
Jiang 2006 3306 2728 68 1242 557 40 22% 0930052134 -
L2008 1200 123 48 979 116 40 21%  184[134,235 -
Liu2007 1043 755 47 813 316 41 22%  038}004,081) r
Liu2010 1357 633 79 235 068 60 22% 2330189276 -
Liu2012 885 462 66 24 062 35 21% 1700123218 -
w2014 154 58 46 16 14 58 20% 3431282404 -
Miyoshi 2006 952 09 104 1086 089 104 22%  -1.49(180,-115 -
Mohammadzadeh2015 69267 43179 100 3263 26911 100 23%  101[072,131) -
0zet 2001 27 2084 58 1765 739 58 22%  060(023,087 -
Wang 2005 2984 2844 64 1334 313 3 21% 0700026114
Wang 2015 303 61 70 128 51 50 21%  305[251.358 -
Woo 2005 13417 11633 45 9817 6205 45 22% 0380004080 -
W 2009 1008 6744 266 84 53 593 23%  029(014,044 F
Yu2005 2197 913 46 1225 239 41 21%  1.41(094188 -
Znang 2012 835 557 43 531 339 43 22% 0650022109
Znang 2013 265 14043 64 154 102 35 22%  086(043129 -

1025 855 @) 62 425 S0 21%  1siid2dn o
Subtotal (95% CI) 01 61.3% 1.48[1.05,1.92] *

Heterogeneity. Tau*= 1.37; Chi*= 1031.69, df= zs (pmnnnmy r= 975
Testfor overall effect Z= 6.6 (P < 0.00001)

Total (95% CI) 7155 100.0% 0.96[0.74,1.18] +

Heterogeneity. Tau*= 0.53; Chi*= 1546.55, df= 45 (p <0.00001); F=97%
‘Testfor overall effect Z= 8.56 (P < 0.00001)
Testfor subaroun differences: ChP= 28.95. df= 1 (P < 0.00001). F = 96.5%

o 5 5
Favours [Breast cancer] Favours [control]

Total (95% CI) 2716 2033 1000%  215[1.64,266] *
Helrogenal: Tau'= 1 65,0 = 127265, 26 P < 000001 = 98% H 5 3 T
827 (P <
Teumvsuhumuoﬂmerencss chit= 627 m 1(P=001.F=841% Favours [Breast cancer] Favours [control)
D TNF-
Experimental Control Std. Mean Difference Std. Mean Difference
Studyor Subaroup _ Mean _SD Total Mean D Total Weight IV, Random, 95% Cl s cl
5.4.1 non-Asians
Dalamaga 2013 2366 114 102 1035 493 102 60% 1510120182 -
Gunter 2015 25 0533 875 26 06 821 61%  -0180027,-0.08)
Kesler 2012 67 75 20 51 11 23 58%  030(030,091) T~
Krajcik 2003 295 256 71 313 258 71 60%  -0.07(040,026]
Maccio 2010 23621 13485 180 12372 5781 221 61%  112[091,133 -
Panis 2013 221 2081 40 814 841 40 59%  087(041,133 -
Papadopoulou2010 1918 1023 66 792 3865 45 59% 139095183 -
Tripsianis 2014 1893 3042 112 792 1933 45 58%  395(339,451) -
Subtotal (95% CI) 1456 1368 47.5% 110[0.34,1.85) >
Heterogenelly Tau?= 1.15; ChP= 407.84, df= 7 (P < 0.00001); F= 98%.
Testfor overall effect Z= 2.85 (P = 0.004)
542 Asians
Alokail 2013 6 075 56 45 057 53 59%  208(161,259 -
Chen 1997 147 058 40 098 037 30 59%  097(047,147) -
Hu 2015 0916 021 52 0318 0068 40 57%  361[294,428 -
Li2015 248 56 50 15 28 20 57%  195(1.33,256) -
Ling 2014 891 90 66 55 165 62 60%  129[090,167] -
Premkumar 2007 286 799 84 52 142 42 58%  353(295.411] -
6939 41727 145 1825 871 50 60%  140[105,175 -
Yang 2015 276 0312 100 223 029 30 59%  172[126,218] -
Zhuang 2008 8438 227 62 1856 737 50 57%  371(309,433 -
Subtotal (95% CI) 655 377 52.5% 2.23[1.59, 2.86) *
Heterogenelty. Tau®= 0.67; ChP= 12023, f= 8 (P < 0.00001); F= 93%.
Test for overall effect Z= 6.88 (P < 0.00001)
“Total (95% CI) 1745 100.0% 170110, 2.30) *
Heterogenelly: Tau"= 1.54; Ch= 863.93, uv |so’<nnnnn|).l'-as% o

Test for overall effect Z= 5,53 (P < 0.00001)

o 5 5
Testfor suboroun diferences: Chi*= §.02. df= 1 (P= 0.03). F= 80.1% Favours [Breast cancerl Favours conirol

E resistin

Experimental Control $td. Mean Difference $1d. Mean Difference
Study or Subaroup _Mean__SD Total Mean _SD Total Weight _IV. Random, 95%CI 1V, Random, 95% CI

7.4.1 non-Asians

Alokail 2013 189 12§56 152 1 53 158%  332[273,390) -

Assii 2015 2624 159 82 2269 258 68 167%  168[131,200] -

Dalamaga 2013 112 64 102 77 485 102 17.0% 0.61(0.33,0.90] -

Gunter 2015 121 18 875 123 1933 821 173%  -0.11(020,-001]

Subtotal (95% CI) 1115 1044 66.% 1.35[0.48,2.52) >

Heterogeneity Tau®= 1.30; ChP= 215.22, f= 3 (P < 0.00001); F= 99%
Testfor overall effect Z= 2.26 (P = 0.02)

7.42 Asians
Hou 2007 2635 535 80 2332 475 50 167%  059(023,095) -
Kang 2007 523 69 41 146 2 43 165% 074030119 -
Subtotal (95% CI) 121 93 332% 065(0.37,0.93] +

Heterogeneity. Tau= 0.00; ChP'= 0.28, df= 1 (P = 0.59), F= 0%
Test for overall effect Z= 4.55 (P < 0.00001)

Total (95% CI) 100.0% 111[0.31,1.91) >
Heterogeneity. Tau"= 0.95; Chi= zzu: a= 5(P<0nnnm) I’-SB%
Testfor overall effect 2= 2.73 (P = 0.006)

Testfor subaroun differences: ChP'=1.30. df= 1 (P= 0.25). F= 23.2%

10 5 5
Favours [experimental] Favours [control]

Figure 3: Association of adiponectin, leptin, IL-6, TNF-0 and resistin with breast cancer risk by population

characteristics subtype.
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Table 1: Association of adipokines with breast cancer risk by clinical parameters

Comparison No. of Studies SMD 95%CI P value
ER (+VS-)
Leptin 3 0.65 0.02, 1.28 0.04
TNM (I+I1 VS HI+1V)
Adiponectin 3 0.67 0.36, 0.97 <0.0001
Leptin 5 —-1.51 —2.41, -0.60 0.001
IL-6 9 —-1.38 -1.72,-1.04 <0.00001
TNF-a 4 —-1.38 —2.39,-0.36 0.008
LNM (+ VS -)
Adiponectin 3 —0.54 —1.41,0.33 0.23
Leptin 7 0.80 0.45,1.14 <0.00001
IL-6 3 —0.43 —1.66, 0.80 0.50
TNF-a 3 0.63 0.30, 0.96 0.0002
Menopausal status (Pre VS Post)
Adiponectin 8 0.14 —-0.31, 0.59 0.54
Leptin 10 —0.73 -1.17,-0.29 0.001
Resistin 3 —-0.05 -1.17, 1.07 0.93

increased leptin, IL-6, IL-8, TNF-a, resistin and visfatin
levels are significantly associated with risk of breast
cancer. The levels of adipokines among Asian women
were more closely associated with risk of breast cancer
than non-Asians. Serum concentrations of adipokines
were associated with risk of breast cancer, whereas
plasma concentrations of TNF-a and resistin did not differ
significantly between cases and controls. Estimation
by ELISA showed a significant difference between the
levels of adipokines in the cases and controls, however,
this difference was non-significant upon detection by
Multiplex assay. The levels of adiponectin, leptin, IL-6
and TNF-o were significantly associated with higher
TNM classification, and leptin levels were associated
with ER and LNM positive stages and TNF-a levels were
associated with LNM status.

In addition to the patients with breast cancer, levels
of adipokines were also evaluated among obese subjects.
In comparison to non-obese subjects, circulating leptin and
TNF-a levels were higher, and adiponectin levels were
lower among obese persons (Figure 1). This pattern is
similar to that observed among breast cancer patients. This
indicates that obese women are probably at a higher risk of
breast cancer. The underlying pathology might be related
to the endocrine and metabolic profile of patients with
breast cancer and obese subjects. Accumulating evidence
in recent years has demonstrated that the increased
production and secretion of a wide range of adipokines
from breast adipocytes among obese patients might have
a profound effect on tumor progression [16].

In this meta-analysis we found that patients with
breast cancer had significantly lower adiponectin levels
than controls. It is known that adiponectin not only

possesses anti-atherosclerotic, anti-inflammatory, and
insulin-sensitizing properties, but it also has protective
effect against cancer [17, 18]. Bariatric surgeries among
obese women have demonstrated that an average
weight loss from 14% to 25% can significantly improve
adiponectin levels and reduce the risk of breast cancer
[19]. Therefore, high adiponectin levels are significantly
associated with risk of breast cancer which is consistent
with results of previous meta-analyses [14, 20, 21].
As compared to the previous meta-analyses, our meta-
analysis included more studies and directly calculated
the summary statistic by use of the mean and SD values
of adiponectin. We also found high leptin levels among
breast cancer cases. Higher serum levels of leptin have
also been reported previously among obese cancer
patients as compared to women with normal weight
[22]. Previous studies have reported that levels of leptin
were not only correlated with tumor size but also with
tumor hormonal receptor status (ER and progesterone
receptor (PR)) and were significantly higher in breast
cancer patients than healthy controls [23, 24]. Leptin
promotes angiogenesis and pro-inflammatory responses;
and stimulates the proliferation of normal and malignant
breast epithelial cells [25, 26]. In-vitro studies indicate
that leptin influences different intracellular signaling
pathways including mitogen-activated protein kinase
(MAPK), Janus kinase 2—signal transducer and activator
of transcription 3 (JAK2-STAT3) and phosphatidylinositol
3-kinase—protein kinase B (PI3K—AKT) [27]. In this study,
we also confirmed that leptin levels were significantly
related to the occurrence of breast cancer, which is
consistent with previous studies. Similar to the results
of earlier analyses [28], our results also show that leptin
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levels are associated with increased risk of breast cancer.
Our meta-analysis included 46 articles for leptin, however,
Niu et al. had reported with only 14 articles.

TNF-a was originally identified as a polypeptide
cytokine secreted by macrophages that infiltrate the
adipose tissue. Plasma TNF-o concentration is positively
correlated with BMI [29]. Clinical studies have reported
that the increased levels of TNF-o mRNA among
overweight/obese subjects are associated with increased
risk of breast cancer risk and TNF-a expression in the
peripheral blood mononuclear cells (PBMC) of obese
subjects decreases after reduction in weight [30]. Previous
studies have found increased concentrations of TNF-a

in the breast tumor cytosol, and, presence of TNF-o has
been strongly correlated with metastatic, invasive breast
tumor phenotype [31, 32]. In this study, we observed that
levels of TNF-a were significantly higher in breast cancer
patients than controls.

Interleukins are a group of cytokines produced
by leukocytes. In comparison to matched normal
breast tissue, breast tumors produce significantly
increased levels of IL-6, and these levels also increase
proportionately with higher tumor grade [33]. Primary
human breast tumor cells and human breast cancer
cell lines can produce autocrine IL-6, suggesting
that carcinoma cells may be the source of the

A adiponectin C IL-6
Experimental Control Std. Mean Difference Std. Mean Difference Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subqroup_ Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Rand % Cl Study or Subqroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI 1V, Randt 95%Cl
1.4.1 Serum 4.2.1 Serum
Ahmed 2015 6.63 146 175 1017 529 175 36% -0.91[-1.13,-0.69] - Ahmed 2006 253 1397 30 15 05 10 33% 1.81[1.07,2.75] -
Alokail 2013 148 156 191 12 53 25% 3881452323 — Benoy 2002 a1 185 104 05 04 26 36%  043[0.05,092) .
Dalamaga 2013 169 98 102 198 101 102  35% -0.29-0.67,-0.01] i Dalamaga 2013 1828 1139 102 868 478 102 36% 1.10(0.80, 1.39] -
Gulcelik 2012 8583 2005 83 13905 3263 40 30%  -200255-1.63] - Hu 2015 0143 0020 52 004 0008 40 34%  452[373,530) —
Han 2007 3264 1.665 77 729 206 36 29% -22212.72,-1.73] - Hussein 2004 11138 8242 40 175 095 10 34% 1.30(0.55, 2.04] -
Hancke 2010 1853 767 150 1777 64 41 33%  010(0.24,0.45] r Kesler 2012 1414 20 14 28 23 35%  -01300.73,047) T
Hou 2007 886 292 80 1037 281 50 33% -0.61-0.97,-0.25] - Kim 2009 36.66 9493 98 3327 7537 9  36% 0.04-0.24,032
Kim 2009 12802 10303 98 14358 6563 96 34%  -0.18(0.46,0.0) b Kozlawski 2003 317 23438 45 419 176 25 35%  1.44[0.89,1.99) —
Komer 2007 91 4 74 1.3 a7 7% 33% -0.50-0.83,-0.18] - Kuang 1998 212 98 45 102 6.4 17 35% 1.20(0.60, 1.80] -
Mantzoros 2004 187 10 174 174 105 167 36%  -0070.26,0.4] L2011 6418 1450 60 3325 1028 40 35%  235(1.84,288 -
Minatoya 2015 5 32 63 81 57 7% 33% -0.65-0.99,-0.31] - L2015 Ell 6 50 18 3 20 34% 2.411.75,3.07] -
Miyoshi 2003 757 313 102 883 38 100 35%  -0361064,-0.08] b Ling 2014 227 24825 66 09 1525 62 36%  1.21[084,150 -
Ollberding 2013 89 3233 706 10 35 706 37% -0.331-0.43,-0.22) | Liu 2007-1 191 136 28 477 58 30 29% 6.82(5.44,8.21] I
Santillan-Benitez 2013 1486 6 40 135 75 48 1% 0.16[-0.26, 0.58) ™ Maccio 2010 17.04 6938 180 3.525 2086 221 36% 2.75(2.48,3.03] -
Shahar 2011 " 48 70 15.2 73 138 34% -0.50-0.79,-0.21] ~ Premkumar 2007 268 788 84 3.2 0876 42 35% 363(3.04,4.21] -
Wang 2013 812 287 82 1052 276 700 33% -0.851.18,-0.51] - Qi2013 67.48 1851 61 17.93 657 18 34% 2.95(2.24,3.66] -
Yang 2006 3615 043 70 49 046 38/ 27% -290-3.45,-2.34] - Sun 2000 69.3 342 30 328 68 20 35% 1.34(0.71,1.97] -
Zhang 2012 454 26 43 6.48 466 43 1% -0.51-0.94,-0.08] = Sun 2011 51.983 28609 145 2261 974 50 36% 1.16(0.82,1.50] -
Zhong 2013 6.1 1.46 46 869 188 35 29% -1.55 [-2.05,-1.05] _ Tripsianis 2014 6.81 165 112 149 046 45 35% 373(319,4.28] -
Subtotal (95% CI) 2300 2090 61.5% -0.91[-1.21, -0.60] + Wang 2006 37.795 29.274 73 105 92 30 36% 1.07 [0.62,1.53] -
Heterogeneity: Tau®= 0.41; Chi*= 359.43, df= 18 (P < 0.00001); = 95% Wang 2007 6.1 1.06 48 448 095 30 35% 1.57 [1.05,2.10] -
Test for overall effect Z=5.90 (P < 0.00001) Yang 2001 137 14 38 50 7 40 29% 7.84(6.51,9.18] I
Yang 2015 1675 0204 100 128 013 30 35% 2.07[1.59, 2.55] -
1.4.2 Plasma 25546 23132 50 10885 448 30 35% 0.79(0.32,1.26] -
Al Awadhi 2012 8 4 144 63 3 77 35% 0.46(0.18,0.74) I~ Subtotal (95% CI) 1661 1057  83.0% 2.13[1.62, 2.65] *
Assin 2015 8.44 212 82 1096 16 68 33% -1.321.67,-0.96] - Heterogeneity: Tau®= 1.53; Chi*= 613.13, df = 23 (P < 0.00001); F= 96%
Chen 2005-1 10.24 58 100 1917 124 100 34% -0.921.21,-063] - Testfor overall effect Z= 8,16 (P < 0.00001)
Cust 2008 69 1867 561 66 2167 561 37% 0.15(0.03,0.27)
Gross 2013 7.99 383 272 8704 4042 272 37% -0.18-0.35,-0.01] | 4.2.2 Plasma
Gunter 2015 28597 6659 875 29317 6477 821 37% -0.11(0.20,-0.01] Gunter 2015 14 0467 875 14 0433 821 37% 0.000.10,0.10
Guo 2015 6.34 354 1167 655 372 1167 38% -0.06(-0.14,0.02) Li2013 76.4 48 30 325 51 45 28% 872(7.21,10.23 I
Kang 2007 693 32 “ 76 35 43 3% -0.20-0.63,0.23) T Narija 2011 11.2 28175 58 51 13865 30 36% 0.25-0.19,0.69) ™~
Panis 2013 442 177 40 1028 645 40 30% -1.2311.71,-0.75] - Soygur 2007 18 9 30 75 475 30 35% 1.44(0.87,201] -
Tworoger 2006 144 3125 1166 148 3188 1575 38% -0.130.20,-0.05] Zhuang 2008 6222 1531 62 3529 11.79 50  36% 1.93(1.48,2.38] -
Tworoger 2006a 167 3021 311 156 2854 B2 37% 0.38(0.24,051) I~ Subtotal (95% CI) 1055 97 17.0% 2.21[0.87, 3.54] -
Subtotal (95% CI 4759 545 385%  023[041,0.04] L Heterogenety Tau= 2,17, Chi*= 213.03, df= 4 (P < 0.00001); F= 98%
Heterogeneity. Tau®= 0.08; Chi 75.01,df= 10 (P < 0.00001); F= 94% Testfor overall effect Z= 3.24 (P = 0.001)
Test for overall effect Z= 2.39 02)
Total (95% CI) 2716 2033 100.0% 2.15[1.64, 2.66] *
Total (95% CI) 7059 7435 1000%  -063[0.81,-046] ' Heterogenety Tau= 1.85; Chi°= 127269, df= 28 (P < 0.00001); F= 96%

Heterogeneity: Tau?= 0.21; Chi*= 682.42, df = 29 (P < 0.00001); = 96%
Testfor overall effect Z= 7.08 (P < 0.00001)
Testfor subaroun differences: Chi*= 14.24. df= 1 (P= 0.0002). = 93.0%
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Testfor overall effect Z= 8.27 (P < 0.00001)

o 5 5
Test for subaroun differences: Chi*= 0.01. df=1 (P = 0.92). F= 0% Favours [Breast cancer] Favours [control]

B leptin

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subarou Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 Serum
Aliustaoglu 2010 2855 197 30 2643 194 30 21% 0.11-0.40,061) T
Alokail 2013 256 17 56 16 22 53 1.8% 487[4.11,562) -
Chen 2011 3148 2022 50 1421 1156 60 22% 1.07 [0.66, 1.47) -
Coskun 2003 38629 18434 85 44 168 15 20% -0.29[-0.84, 0.26] |
Dalamaga 2013 288 172 102 278 175 102 23% 0.06-0.22,0.33]
Gao 2005 3172 2911 74 11865 307 30 21% 0.81[0.37,1.25) -
Han 2005 1357 066 0 946 06 103 1.9% 6.51(5.80,7.23) -
Hancke 2010 2087 1513 159 149 1281 41 2.2% 0.40[0.06, 0.75] =
Hou 2007 135 042 80 1.06 039 50 22% 0.71(0.34,1.07) -
Huang 2006 3051 3020 36 1263 226 56 1.5% 6.86[5.76,7.95] —_—
Ji 2009 19573 7.352 64 12 21 35 21% 1.37(0.92,1.83) -
Jiang 2006 306 2728 68 1242 567 40 22%  093[052134 -
Komer 2007 " 49 74 13 52 76 22% -0.06 [-0.38, 0.26] T
Liu 2007 1043 755 47 813 316 41 22%  038(004081) -
Liu 2010 1357 633 79 235 068 60 22% 2.33(1.89,2.76] -
ot 154 58 46 16 14 58 20% 343282404 -
Maccio 2010 25917 12523 180 1884 13584 221 23% 0.54(0.34,0.74) -
Mantzoros 1999 1369 1157 83 1603 1445 69 22% 0180050014 4
Mantzoros 2004 244 161 174 241 184 167 23% 0.02[-0.19,0.23]
Miyoshi 2006 952 09 104 1086 089 104 22%  -1.49[180,-118] -
Mohammadzadeh 2015 69.267 43178 100 3263 26811 100 23% 1.01[0.72,1.31] -
Oliberaing 2013 29 833 70 82 706 23% 0470037058 -
Ozet 2001 27 20864 58 1765 7.39 58 22% 0.60(0.23,0.97) —
PazafowPanayiotou2007 109 516 74 114 523 76 22% 010042022 4
Romero-Figueroa 2013 903 275 76 371 326 76 2.2% 1.76(1.38,2.13] -
Santilan-Benitez 2013 226 152 40 185 116 48 22%  030(012.073 -
Wang 2005 2984 2844 64 1334 313 31 21% 0.70(0.26,1.14) —
Wang 2015 03 61 70 128 51 S0 21%  3050251,358] -
‘Woo 2005 13.417 11633 45 9817 6295 45 2.2% 0.38-0.04,0.80] ™
Yu 2005 21.97 913 46 1225 239 M 21% 1.41(0.94,1.88] -
Zhang 2012 8.35 557 43 531 339 43 2.2% 0.65(0.22,1.09) —
Zhu 2011 19.26 865 50 6.25 425 50 21% 1.89(1.42,2.37) -
Subtotal (95% CI) 3053 2735 68.4% 1.20 [0.84, 1.56]) *

Heterogeneity: Tau*= 1.03; Chi*=1139.85, df= 31 (P < 0.00001); = 97%

Testfor overall effect Z= 6.49 (P < 0.00001)

23.2Plasma

Al Awadhi 2012 275 21 144 207 1M 77 23% 1.00(0.71,1.30] -
Assiri 2015 2459 557 82 1962 203 68 22% 114(079,1.49] -
Chen 2005-1 1364 118 100 1007 55 100 23% 039(011,067] -
Cust 2008 141 4033 561 145 45 561 23%  -0.09(021,002

Geisler 2007 279 6194 44 25 1056 114 22% 086(049,122] -
Gross 2013 329 361 272 274 274 202 23% 047(0.00,034]

6u 2012 417 03 405 417 03 810 23% 000(0.12,0.12)

Gunter 2015 1395 5864 875 14406 5908 821 23%  -0.08[0.17,0.02

Haris 2011 155 5688 330 162 75 636 23%  -010(023,003

Li2008 1202 123 48 979 116 40 21% 184(134,235] -
Liu 2012 885 462 66 24 062 35 21% 170(123,218] -
Stattin 2014 167 787 149 174 8667 258 23%  -0.05(025,015

Wu 2009 1008 6744 266 84 53 593 23% 029(014,044] I
Zhang 2013 265 14043 B4 154 102 35 22% 0.86(043,129] -
Subtotal (85% CI) 3406 4420 31.6% 0.50(0.28,0.71] +
Heterogeneity: Tau?= 0.14; Chi*= 238.30, df = 13 (P < 0.00001); = 95%

Testfor overall effect 7= 458 (P < 0.00001)

Total (95% CI) 6459 7155 100.0% 0.96[0.74,1.18] ¢

Heterogeneity: Tau?= 0.53; Chi*= 1546.55, df= 45 (P < 0.00001); = 97%
Testfor overall effect 7= 8.56 (P < 0.00001)
Test for subaroun differences: Chi*= 10.74.df= 1 (P = 0.001). F= 90.7%
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Figure 4: Association of adiponectin, leptin, IL-6, TNF-a and res
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D TNF-a

Experimental Control Std. Mean Difference Std. Mean Difference
Studyor Subaroup  Mean  SD Total Mean  SD Total Weight IV, Random,95%Cl IV, Random, 95% CI
524 Serum
Alokail 2013 6 075 5 46 057 53 59% 2,08 (1.61,255) -
Chen 1997 147 058 40 098 037 30 59% 097 [0.47,1.47) -
Dalamaga 2013 2386 114 102 1035 483 102 60% 1.51(1.20,182) -
Hu 2015 0916 021 52 0318 0068 40 57% 361(2.94,4.28) -
Kesler 2012 67 75 20 51 11 23 58% 0.30 £0.30,0.91) o
Krajcik 2003 295 256 71 313 258 71 60%  -0.070.40,0.26] b
Li2015 248 56 50 15 28 20 57% 1.95 (1.3, 2.56) -
Ling 2014 891 90 66 55 165 62 60% 1.29(0.90,1.67) -
Maccio 2010 23621 13485 180 12372 5781 221  61% 112(0.91,133) -
Papadopoulou2010 1918 1023 56 7.92 3865 45 59% 1.39(0.95,1.83) -
Premkumar 2007 286 793 84 52 142 42 58% 353[295,4.11) -
Sun 2011 §939 41727 145 1825 871 S0 6.0% 1.40[1.05,1.75) -
Tripsianis 2014 1893 3042 112 792 1933 45 58% 395(3.39,451) -
Yang 2015 276 0312 100 223 029 30 59% 1.72[1.26,218) -
Subtotal (95% CI) 1134 834 823% 1.75[1.23,2.26) *

Heterogeneity. Tau? = 0.00; Chi* = 285.29, df= 13 (P < 0.00001); = 95%
Testfor overall effect Z= 6.67 (P < 0.00001)

5.22 Plasma
Gunter 2015 25 0533 875 26 06 821 61%  -0.18[0.27,-0.08)

Panis 2013 221 2081 40 814 B4 40 59% 0,87 [0.41,1.33) -
Zhuang 2008 8438 227 62 1856 7.37 50 57% 3.713.09,4.33) -
Subtotal (95% CI) 11 17.7% 1.45[-0.53, 3.43] -
Heterogeneity: Tau"= 3.02; Chi*= 163.89, df = 2 (P < 0.00001); F= 99%

Testfor overall effect Z= 1.43 (P = 0.15)

Total (95% CI) 211 1745 100.0% 1.70[1.10,2:30) *

Heterogeneity. Tau® = 1.54; Chi* = 863.93, df= 16 (P < 0.00001); = 98%
Testfor overall effect: Z= 5.53 (P < 0.00001)

Ef) 5 5
Test for subaroun diflerences: ChF= 0.08. df= 1 (P= 0.78). F= 0% Favours [Breast cancer] Favours [control

E.resistin

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subaroup _ Mean _SD Total Mean _SD Total Weight IV, Random, 95% Cl IV, Random, 95% C

7.3 Serum

Alokail 2013 189 12 56 152 1 53 159% 332(273,390) -

Dalamaga 2013 112 64 102 77 485 102 17.0% 061(0.33,090] -

Hou 2007 2635 536 80 2332 475 50 167% 0.59 (0.23, 0.95) b

Subtotal (95% CI) 238 205 49.6% 1.48[0.14, 2.82) -

Heterogeneity. Tau®= 1,36 Chi*= 7230, df= 2 (P < 0.00001); F= 97%

Testfor overall effect 7= 2.16 (P = 0.03)

7.3.2 Plasam

Assir 2015 2624 159 82 2269 258 68 167% 1,68 [1.31,2.06) -

Gunter 2015 121 18 875 123 1933 821 173%  -0.11(020,-0.01]

Kang 2007 523 69 41 146 2 43 165% 0.74(0.30,119) -

Subtotal (95% CI) 998 932 504%  0.76[-0.41,194] -

Heterogeneity. Tau®= 1.05; Chi*= 2,66, df= 2 (P < 0.00001); F= 98%

Testfor overall effect Z= 1.28 (P = 0.20)

Total (95% CI) 1236 1137 100.0% 141[0.31,1.91] L d

Heterogeneity: Tau*= 0.96; Chi*= 227.43, df= § (P < 0.00001); = 98% e o

Testfor overall effect 2= 2.73 (P = 0.006)

-5 5
Testfor subaroun differences: Chi*= 0.62. df=1 (P=0.43). = 0% Favours [breast cancer] Favours [control}

tin with breast cancer risk by sample types.
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increased levels of IL-6 in serum and tumors [34, 35].
Preliminary studies have indicated that inflammatory
cytokine interleukin-8 (IL-8) can be used as a prognostic
marker for breast cancer. Serum levels of IL-8 correlate
positively with metastatic breast cancer and enhanced
expression of IL-8 is associated with poor prognosis
of ER negative breast cancer, but not of ER positive
breast cancer cases [36]. Several studies have explored
the independent negative impact of high levels of IL-6
or IL-8 on prognosis in patients with breast cancer [37].
Our study indicates that higher concentrations of IL-6
and IL-8 were positively associated with increased
risk of breast cancer, which is consistent with previous
study [38].

Resistin, is also known as adipose tissue-specific
secretory factor. It is a 12 kDa cysteine rich polypeptide
found in inflammatory zone 3, and belongs to a small
family of secreted protein [39]. It is thought that resistin
probably upregulates the pro-inflammatory pathways via
the NF-kB system [40]. Clinical studies have found that
high levels of resistin were associated with the increased
risk of breast cancer, and this relationship was independent
of age, histological grade, BMI, serum glucose levels, and/
or menopause [41].

Visfatin plays a significant role in the nicotinamide
adenine dinucelotide (NAD) dependent enzymatic activity
which affects various biological responses essential for
cell survival [42]. Obese women have lower levels of
serum visfatin [43]. Previous studies have reported higher
serum visfatin levels in breast cancer patients than controls
[44]. In vitro studies have shown that visfatin promotes
cell proliferation in breast cancer via stimulation of cell
cycle progression and increased expression of genes which
play important roles in angiogenesis and metastasis [45].
Consistent with previously published studies, our meta-
analysis has also confirmed that visfatin levels were
positively associated with occurrence of breast cancer.

This study compared for the first time, the
concentrations of circulating adipokines between breast
cancer patients and controls among different races.
As shown in Figure 3, lower adiponectin levels and
higher resistin levels were present in Asian cases than
controls. However, there was no significant difference in
adiponectin and resistin levels between cases and controls
among non-Asians. This difference might be explainable
by difference in the expression of genes regulating
adipogenesis and lipogenesis in adipose tissue [46].

In this study we found that serum levels of all
adipokines were significantly associated with incidence
breast cancer, whereas no association could be established
with plasma levels. However, there is no explanation for
this difference at this stage. These results indicate that
measurement of serum adipokine levels may be a more
reliable predictor of breast cancer. Circulating adipokine
levels are most often measured by ELISA, or RIA or
Multiplex assay and the first is the most sensitive out of

these three. Our results indicate that upon estimation by
ELISA, the adipokines show an association with risk of
occurrence of breast cancer.

In our meta-analysis, we investigated the correlation
between adipokine levels and some traditional prognostic
factors of breast cancer such as menopausal status,
nodal status, molecular subtypes and TNM stages. Our
subgroup analysis suggested that adiponectin, leptin and
resistin were associated with incidence of breast cancer
in both pre- and postmenopausal women (Supplementary
Figure 6). In addition, menopausal status was significantly
associated with leptin levels in breast cancer patients, but
was not associated with adiponectin and resistin levels
(Table 1). Our results imply that leptin is a more effective
indicator of breast cancer risk in postmenopausal women
than premenopausal women. Our results also show that
circulating leptin levels were significantly higher in ER
positive breast cancer patients than ER negative patients,
This might have been because of estradiol independent
activation of leptin among breast cancer tissues [47].
Our results also show that leptin and TNF-a levels are
positively correlated with lymph node metastasis status.
Moreover, our results also indicate a significantly positive
correlation among leptin, IL-6, TNF-a and HGF and TNM
stage, and a significantly negative correlation between
adiponectin and TNM stage; suggesting that it should be
considered as an important factor in tumor growth. Lower
adiponectin levels, higher leptin, IL-6, TNF-o and HGF
levels appear to be associated with more advanced stages
of malignancy.

It is important to mention here that this is the first
meta-analysis investigating the association between
various adipokines and risk of breast cancer. However,
many limitations of our study need to be considered. First,
significant heterogeneity existed among studies, thus
results should be interpreted cautiously. Subgroup analysis
indicated that detection methods and menopausal status
were a potential source of heterogeneity. Age, race and
the number of cases and controls in the included studies
were the other possible sources of heterogeneity. Second,
potential confounders might be present in observational
studies, and are the intrinsic limitations of observational
study design. Although some included studies had used
a matching method to select the control group, the actual
adipokine levels might have differed from the detection
value because of the defects of detection. Third, this meta-
analysis includes some studies with small sample sizes i.e.
those enrolling less than one hundred cases or controls.
We used the pooled means and standard deviations
of adipokine measures. Statistical tests also suggest
publication bias. Fourth, the studies’s methodology used
is a limitation, especially the study’s design. Our meta-
analysis is mainly based on observational studies, and
the inherent limitations of such studies may influence
our findings. Case-control studies are mainly subject
to selection bias. Besides, the prospective cohorts were
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over-represented in the Non-Asian group. Lastly, we only
included English and Chinese language studies.

MATERIALS AND METHODS

Literature search

A comprehensive literature search was carried
out using PubMed, EMBASE and Chinese Biomedical
Literature (CBM) databases using the following search
criteria, “adipokines”, “leptin”, “adiponectin”, “resistin”,
“interleukin 6” or “IL-6", “Tumor Necrosis Factor
alpha” or “TNF-a”, “Hepatocyte Growth Factor” or
“HGF”, “Plasminogen Activator Inhibitor 1 or “PAI-17,
“visfatin”, “interleukin 8" or “IL-8”, “SFRP-5", “lipocalin
2”7, “apelin” and “breast cancer”, “obesity” or “obese”
published before Sept. 15, 2015. In addition, the reference
lists of these publications were manually searched for

relevant articles.

Selection criteria

The eligibility of the identified articles was reviewed
independently by two authors (Y.G. and L.C.). The criteria
for selection of the eligible articles were as follows: (1)
cross-sectional study, or case-control study (retrospective
or nested case-control), or cohort study (retrospective or
prospective cohort study); (2) studies investigating the
adipokine levels between obese and nonobese healthy
subjects; (3) studies investigating the association between
adipokine level, menopausal status, detection method,
study sample, or race with risk of breast cancer.

Studies investigating tissue adipokines among male
patients were excluded. In the case of multiple publications
reporting the same or overlapping data, only the most
recent study, or the study using the largest population, as
recommended by Wu et al., were included [48]. Studies
reporting the number of participants in groups; and mean
and SD of adipokine levels were included, or studies in
which these values could be calculated from the reported
median and range or could be read from figures [48]. The
authors of studies with inadequate data were contacted,
and in case of no reply from the authors, the studies
were excluded. Additionally, studies evaluating AFRP-
5, lipocalin-2 and apelin were also excluded as these had
been estimated in less than two studies.

Quality assessment

Two authors (Y.G. and L.C.) independently
evaluated the quality of the selected literature using the
Newcastle-Ottawa Scale (NOS) criteria [49]. A “score
system” was carried out based on the NOS criteria and
total scores ranged from 0 (worst) to 9 (best) for case-
control or cohort studies, and 0 (worst) to 4 (best)
for cross-sectional study (Supplementary Table 3).

Disagreement between assessments was resolved by
consensus with the third reviewer (X.L.).

Data extraction

First, we extracted the publication information
(name of first author, year of publication and country),
characteristics of participants (mean age of participants,
sample size and menopausal status of participants), and
outcome information (i.e. type and detection method of
adipokines measurement, and study sample type), and
adipokine levels (means and SDs for each group). Next,
for the studies providing only the medians and ranges,
we calculated the means and SDs [50]. We imputed the
range values wherever the interquartile ranges had been
mentioned by using the method described by Wu et al.
[48] We contacted the authors for the quantitative data if
the data had been represented by figures only. In case of
failure of response, the figures were interpreted by using
Engauge Digitizer 4.1 (M. Mitchell, Engauge Digitizer,
http://digitizer.sourceforge.net). This can read exact values
by digitizing data points from an image file after manually
setting the coordinate axis. Disagreements were resolved
by discussion with the third reviewer (X.L.).

Statistical analysis

The summary statistic of this meta-analysis was
calculated by use of the standardized mean difference (
SMD ) and the corresponding 95% CIs. Heterogeneity
between articles was assessed by chi-square statistics and
expressed as an “I>” value. In the event of substantial
heterogeneity (I > 50%), study results were obtained
using random effects model analysis. Heterogeneity
was identified by visual inspection of the forest plots, by
using a standard 2-test and a significance level of +0.1,
in view of the low power of such tests. Conversely, the
pooled SMD were estimated using the fixed effects model
analysis. Subgroup analyses were conducted to explore
potential sources of heterogeneity including the detection
method, sample types, and, menopausal status of patients
in the included studies. Publication bias was evaluated
using funnel plot analysis. The statistical analysis was
performed using Review Manager 5.3 software (RevMan
software, Version 5.3, Cochrane Collaboration, United
Kingdom) and a P value of less than 0.05 was considered
to be significant.

CONCLUSIONS

In conclusion, obese subjects had lower levels of
adiponectin and higher levels of leptin and TNF-athan
non-obese subjects. Also, breast cancer patients had lower
concentrations of adiponectin and higher concentrations
of leptin, IL-6, IL-8, TNF-a, resistin and visfatin than
controls. The patterns of altered levels of adipokine among
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obese subjects may be considered as specific predictors for
risk of breast cancer. The results also show that changes in
adipokine levels are significantly associated with increased
risk of breast cancer, especially among Asians. Our
results suggest the existence of an association of obesity,
adipokines and risk of breast cancer in Asian women.
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