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Abstract

Background: Contradictory results have been reported regarding the association between leptin level and breast cancer.
Therefore, a meta-analysis was performed to investigate this issue.

Methods: Published literature from PubMed and the Chinese National Knowledge Infrastructure (CNKI) Database was
retrieved. This study was performed based on different cases and control groups. The combined effect (d) with 95%
confidence interval (Cl) was calculated using fixed-effects or random-effects model analysis.

Results: Overall, the mean serum leptin level of case groups was significantly higher than that of control groups. A) For 9
studies comparing breast cancer cases and healthy controls the combined effect d was 0.58 with 95% CI (0.48, 0.68). B) For 4

studies comparing premenopausal breast cancer cases and healthy controls the d was 0.32 (0.12, 0.52). C) For 5 studies
comparing postmenopausal cases and healthy controls the d was 0.65 (0.46, 0.84). D) For 4 studies comparing breast cancer
cases and breast benign controls the d was 0.38 (0.17, 0.59). E) For 2 studies comparing premenopausal breast cancer cases
and breast benign controls the d was 0.33 (-0.25, 0.91). F) For 6 studies comparing postmenopausal breast cancer cases and
breast benign controls the d was 0.39 (0.19, 0.60). G) For 4 studies comparing lymph node metastasis positive cases and
negative controls the d was 0.72 (0.45, 1.00). H) For 3 studies comparing breast benign cases and healthy controls the d was
0.71 (0.41, 1.01).

Conclusion: This meta-analysis suggests that leptin level plays a role in breast cancer and has potential for development as
a diagnostic tool.
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Introduction to oestrogens [6]. Leptin may also promote mammary tumor
growth through multiple mechanisms such as modulation of the
extracellular environment, down-regulation of apoptosis and/or
up-regulation of anti-apoptotic genes [6]. The association between

(1]. Some ris.k factors have been idemiﬁ'ed and quantified, such as polymorphism of obesity-related genes (LEP, LEPR and PON1)
age, family history of breast cancer, marital status, early menarche,

Breast cancer is the most common cancer and the second-
leading cause of cancer related death among women worldwide

- . and breast cancer risk has been investigated [7-9]. Liu and
late menopause and the use of.orél contraceptives [2f3]. The coworkers [7] suggested that the LEPR Q223R polymorphism
pathophysiology of'breast cancer is highly complex, ITlultlftaCtOI:lal, might be irnplicatéd in the development of breast cancer in East
and. far from being complf?tely under.stood. .Eplqemlologj cal Asians and PON1 L55M might increase breast cancer risk. He’s
§tudles hav? shown that obesity .and weight gain might lead to group [8] also suggested that LEPR GIn223Arg might be a low-
increased risk of brea.s t cancer m pos.tmenopausal women [4]. penetrant risk for developing breast cancer, especially for black
However, the mechanism O.f how obesity relates to the develop- African women. LEPR polymorphisms rs1137101 and rs1137100
mCIilt OAf breast Can.cerhremams undzar' d v by adi were found to be significantly correlated with breast cancer risk;

cpun, a protein hormone producec mainly by acdipocyles, . pie 1 EPR polymorphisms rs8179183, 14655537 and rs3762274
placenta and mammary epithelium, plays a significant role in the displayed no association with breast cancer [9]. Therefore, it

control of metabolism, reproductive processes, immune processes, . . .
. . L Sy .. . appears that leptin might influence the development of breast
angiogenesis, haemopoiesis and oxidation of lipids [5]. Leptin

enhances breast cancer cell proliferation by inhibiting pro-
apoptosis signalling pathways and by favouring in vitro sensitivity

cancer.
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Many studies have investigated the association between serum
leptin level and breast cancer. However, the reported results have
been contradictory. In this study, we performed a meta-analysis to
assess the association between serum leptin level and breast cancer
risk.

Methods
Search Strategy

To identify all studies that examined the relationship between
leptin level and breast cancer, a systematic online databases search
was conducted. The search was done on June 10, 2012. All
published studies were found with PubMed/MEDLINE and
China National Knowledge infrastructure (CNKI) using the
following terms: (“leptin” or “ob gene product” or “ob protein”
or “obese gene product” or “obese protein” ) and (“breast cancer”
or “breast carcinoma” or “breast tumor” or “breast neoplasm’ or
“breast tumors” or “breast neoplasms” or ‘“‘mammary carcinoma’
or mammary neoplasm’ or “mammary neoplasms’ or “cancer of
breast” or ‘“cancer of the breast” or “human mammary
carcinoma”). References from the retrieved articles were also
screened to complete the data bank. No “language”, “publication
year”, or other limits were used. If more than one article were
published using the same case series, only the study with largest
sample size was selected.

Selection Criteria and Data Extraction

Studies were eligible for inclusion if: (1) They could be defined
as a case-control study or nested case-control study or a cohort
study, (2) all patients were pathological diagnosed with breast
cancer that had not undergone any previous treatment for tumors,
(3) they included sufficient data for determining serum leptin level.
We excluded studies that were not published as full reports, or
studies without control subjects, or studies that included patients
who received antitumor treatments.

With the purpose of extracting the necessary characteristics, all
relevant articles were collated independently by two reviewers
(Jingping Niu and Liqin Wang). They checked for any encoun-
tered discrepancies and reached a consensus.

The extracted data included: (1) publication details: first
author’s last name, publication year, and origin of the studied
population, (2) study design, (3) source of control subjects, (4)
characteristics of the studied population: sample size, mean of age,
mean of BMI, (5) methods of leptin measurement, and (6) means
and standard deviation (SD) of leptin level in each group. If
standard error of mean (SEM) was reported, SD was calculated

according to the formula: SD=SEM X \/n.

Statistical Analysis

All analyses were performed using Review Manager (version
5.1.2) and STATA (version 11.0). For comparing data from
different sources, the absolute difference of leptin levels (mean
difference (MD)) was converted into standard mean difference
(SMD). The combined effect (d) with 95% CI was calculated in a
fixed- or random-effect model (as shown in Formulas S1) to assess
the strength of the association between serum leptin level and
breast cancer.

We used the F statistic to investigate heterogeneity among
studies [10-11]. If there was a statistical difference in terms of
heterogeneity (P=0.10), a random-effect model was selected to
pool the data. Otherwise, a fixed-effect model was used.

To investigate the sources of heterogeneity, meta-regression
analyses were conducted [12-13]. If meta-regression could not
explain the sources of heterogeneity the studies generating

PLOS ONE | www.plosone.org

Meta-Analysis for Leptin and Breast Cancer

heterogeneity according to Galbraith bar were removed to obtain
more reliable results. If meta-regression could not be performed
due to the small number of eligible studies, these studies were
excluded according to Galbraith bar. Publication bias was
evaluated using the funnel plot and the Egger test [14]. Fail-safe
numbers were calculated to estimate stability of the results

[15].0=0.05.

Results

Study Characteristics

The flowchart summarizing the process of study search and
selection is presented in Figure 1. A total of 362 relevant studies
were retrieved from the initial literature search. Following the
subsequent selection, 23 studies were included in our meta-
analysis. Key characteristics of these studies are reported in
Table 1. 2058 breast cancer patients, 2078 healthy controls and
285 breast benign controls were screened for the 23 studies
included in this meta-analysis. These studies were classified into 8
groups according to different cases and controls: (A) breast cancer
cases and healthy controls (14 studies involving 1338 patients and
1335 controls) [16-29]; (B) premenopausal breast cancer cases and
healthy controls (7 studies involving 323 patients and 291 controls)
[16-18,26,30-32]; (C) postmenopausal cases and healthy controls
(11 studies involving 698 patients and 672 controls) [16-18,26,30—
36]; (D) breast cancer cases and breast benign controls (6 studies
involving 529 patients and 234 controls) [19-20,22,30,37-38]; (E)
premenopausal breast cancer cases and breast benign controls (2
studies involving 92 patients and 52 controls) [30,38]; (F)
postmenopausal breast cancer cases and breast benign controls
(6 studies involving 355 patients and 154 controls) [30,33-35,37—
38]; (G) lymph node metastasis positive cases and negative controls
(5 studies involving 179 patients and 141 controls) [19-21,33-34];
and (H) breast benign diseases cases and healthy controls (3 studies
involving 85 patients and 101 controls) [19-20,22]. (Fig. 1). The
results of the meta-analysis are summarized in Table 2.

Quantitative Data Synthesis

Heterogeneities were found within studies of groups A, B, C, D,
E and G ([2 values were 92%, 72%, 95%, 97%, 65% and 62%,
respectively; P values were <0.001, 0.001, <0.001, <0.001, 0.09
and 0.03, respectively). A random-effects model was applied for
these groups. The combined effects d with 95% CI were A) 0.66
(0.39, 0.92), B) 0.41 (0.09, 0.74), C) 1.09 (0.57, 1.62), D) 0.96 (0.04,
1.88), E) 0.33 (-0.25, 0.91) and G) 0.59 (0.21, 0.97). Meta-
regression did not show a significant difference in published year,
sample size, age, or BMI. For group A, heterogeneity could be
attributed mainly to five studies [16-18,27-28] according to
Galbraith bar. For group B, 2 studies [16,30] contributed mainly
to the heterogeneity. For group C, 6 studies [16-18,33-34,36]
accounted for the heterogeneity. For groups D and G, 2 studies
[30,37] and 1 study [21] contributed to the heterogeneity
respectively. After excluding these studies, homogeneity test
showed no statistical significant differences (I values were 33%,
0%, 0%, 0% and 14%, respectively; Pvalues were 0.15, 0.51, 0.49,
0.88 and 0.32, respectively) in the remaining studies. The
combined effect d were 0.58 (0.48, 0.68), 0.32 (0.12, 0.52), 0.65
(0.46, 0.84), 0.38 (0.17, 0.59) and 0.72 (0.45, 1.00), respectively.
Because of the limited literature quantity, heterogeneity sources of
group E could not be determined by Galbraith bar. Overall, the
leptin level was higher in patients. The results are presented in
Fig. 2, Fig. 3 and Fig. 4.

There was no heterogeneity within studies of groups F and H (/*
values were 36% and 0%, P values were 0.17 and 0.95). The
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362
(265 in English and 97 in Chinese)
Records identified through database searching

277
Excluded:
Review 32
Animal studies 13
Cell/tissue expression 31

Gene polymorphism 23
Irrelated to our study 178

85
Full-text articles assessed for further eligibility

62
Excluded:
Insufficient data 8

Repeat population 13
Irrelated to our study 36
Unusable data 5

23
Studies included in systematic(12 in English and 11 in Chinese)
14(9)" |T’*|
Cases and healthy controls 2
s - |_E| Premenopausal cases and
breast benign controls
Premenopausal Cases and 2 a5
healthy controls ”
. ] |T Postmenopausal cases and
1(5) C :
breast benign controls
Postmenopausal cases and
healthy controls "
E 54)
64y Lymph node metastasis positive
e e e I_D| cases and netative controls
controls rl
H 3
Breast benign diseases cases
and healthy controls

Figure 1. Flow chart of meta-analysis for exclusion/inclusion of studies. "Number of studies with no heterogeneity.
doi:10.1371/journal.pone.0067349.g001
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combined effect d were 0.39 (0.19, 0.60) and 0.71 (0.41, 1.01).
Overall, the leptin level was higher in patients. The results are
presented in Fig. 2.

Fail-safe numbers of each group, indicating the publication bias,
are reported in Table 3. When the meta-analysis results are
statistically significant, the minimum number of unpublished
studies (fail-safe number) can be calculated to reverse the
conclusion or to bring the meta-analytic mean effect size down
to a statistically insignificant level. The greater the fail-safe number
is, the more stable the result is. The fail-safe numbers were all
relatively large in our meta-analysis except for group L, suggesting
that the results were reliable.

Publication Bias

According to the funnel plot and Egger’s test, publication bias
was not detected for groups A, B, C, D, F, G and H (P values were
0.537, 0.218, 0.539, 0.655, 0.278, 0.303, 0.657, respectively).
However, it was unable to estimate publication bias for group E
due to the limited quantity of the primary studies.

Discussion

Overall the results of this study suggest that the circulating leptin
level varies among these different population groups from low to
high: healthy people<breast benign diseases patients<<breast
cancer patients <lymph node metastasis positive patients.

PLOS ONE | www.plosone.org

Table 1. Characteristics of the studies included in the meta-analysis.
Cases Controls

Leptin Measurement
Author Year Country method N Age BMI N Age BMI
Mantzoros 2003 Greece RIA 174 63.1 26.0 167 62.2 25.6
Tessitore 2003 sweden RIA 49 57.7 24.6 12 57.2 238
Jen 2005 USA RIA 165 57.4 29.5 155 55.0 28.2
Ju-Xing Gao 2005 China RIA 74 NG 24.8 30 NG 216
Xiu-Ming Wang 2005 China RIA 64 NG 236 31 NG 20.3
Hua Yu 2005 China RIA 46 59.8 23.6 1 61.3 21.8
Chen 2006 China RIA 100 49.9 229 100 489 238
Woo 2006 korea RIA 30 NG NG 26 NG NG
Li-Li Du 2006 China RIA 920 49.5 25.1 103 46.6 234
Xu-Dong Huang 2006 China RIA 36 53.1 NG 56 583 NG
Dong-Lin Jiang 2006 China ELISA 68 58.4 25.1 40 56.5 232
Jun-Ming Sun 2006 China RIA 55 56.7 248 20 51.1 227
Liu 2007 China ELISA 47 50.9 238 14 47.6 219
Pazaitou 2007 Greece ELISA 74 62.5 29.1 76 55.6 293
Han 2008 China ELISA 240 45.0 25.1 500 44.0 234
Aliustaoglu 2009 Turkey ELISA 30 53.0 27.2 30 40.4 273
Hong-Xia Cui 2009 China ELISA 68 55.0 26.2 62 52.0 23.6
Xiu-Li Fan 2009 China ELISA 98 46.0 24.8 47 42.0 234
Hancke 2010 Germany ELESA 40 NG NG 25 NG NG
Maccio 2010 Finland ELESA 82 60.5 256 105 58.7 234
Yang Liu 2010 China RIA 79 46.2 NG 60 45.1 NG
Dalamaga 2011 Greece ELISA 102 61.5 27.7 102 62.8 259
Yan Wang 2011 China ELISA 132 46.0 24.1 60 43.0 233
N: sample size; Age: mean age; BMI: mean body mass index; NG: Not given.
doi:10.1371/journal.pone.0067349.t001

The strength of the present study is that it is the first systematic
review and meta-analysis, to our knowledge, to evaluate the
relationship between serum leptin level and breast cancer. It is not
recommended to perform meta-analysis when high heterogeneity
exists [10]. We adequately evaluated the role of heterogeneity in
our results. Heterogeneity was present particularly in groups A, B,
C, D, and G. Our results could be divided into two parts. One part
includes the results that met the criterion, the other part includes
the results with no heterogeneity and publication bias. For group
E, considering the small number of studies, it was not possible to
estimate publication bias or homogeneity. There was no disagree-
ment after removal of the studies contributing to heterogeneity. In
summary, the results excluding studies with heterogeneity were
reliable.

Several techniques were used to obtain more reliable results.
First, only observational studies were included in this meta-
analysis. Similar to other meta-analyses, the validity of the results
depends on the originally screened studies. Thus, we applied strict
criteria for the selection of studies to minimize potential errors.
While a number of studies reported leptin level in breast cancer
and controls using a frequency table [39], others reported results
as medians and interquartile ranges instead of means and SDs
[40]. We used studies that clearly provided means and SDs.
Second, publication bias was minimized through the examination
of a symmetric funnel plot and Egger’s test. These tests did not
reveal any evidence of publication bias in any of the groups except
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Table 2. Meta-analysis for all groups of leptin level.

Meta-Analysis for Leptin and Breast Cancer

Cases vs. controls Reference Model d (95%Cl) P P

BC vs. HC

All studies(n=14) 15-28 Random-effect 0.74(0.45, 1.03) 92 <0.001
Studies with no heterogeneity(n =9) 18-25,28 Fixed-effect 0.58(0.48, 0.68) 33 0.15
Pre-BC vs. Pre-HC

All studies(n=7) 15-17,25,29-31 Random-effect 0.41(0.09,0.74) 72 <0.001
Studies with no heterogeneity(n =4) 17,25,30-31 Fixed-effect 0.32(0.12, 0.52) 0 0.51
Post-BC vs. Post-HC

All studies(n=11) 15-17,25,29-35 Random-effect 1.09(0.57,1.62) 95 <0.001
Studies with no heterogeneity(n =5) 25,29-31,34 Fixed-effect 0.65(0.46,0.84) 0 0.49
BC vs. BBC

All studies(n=6) 18-19,21,29,36-37 Random-effect 0.96(0.04,1.88) 97 <0.001
Studies with no heterogeneity(n =4) 18-19,21,37 Fixed-effect 0.38(0.17,0.59) 0 0.88
Pre-BC vs. Pre-BBC

All studies(n=2) 29,37 Random-effect 0.33(-0.25,0.91) 65 0.09
Post-BC vs. Post-BBC

All studies(n =6) 29,32-34,36-37 Fixed-effect 0.39(0.19,0.60) 36 0.17
LN+ vs. LN-

All studies(n=5) 18-20,32-33 Random-effect 0.59(0.21,0.97) 62 0.03
Studies with no heterogeneity(n =4) 18-19,32-33 Fixed-effect 0.72(0.45,1.00) 14 0.32
BBC vs. HC

All studies(n=3) 18-19,21 Fixed-effect 0.71(0.41,1.01) 0 0.95

doi:10.1371/journal.pone.0067349.t002

for group B. Since publication bias may lead to unreliable results
[41], we excluded the study generating publication bias.

Several deficiencies should also be considered. First, there was
some language bias. We only screened studies in English and
Chinese, so language bias may occur in our meta-analysis. Second,
In our meta-analysis when comparing patients and controls, we
failed to find potential explanations for heterogeneity, although we
formulated strict inclusion and exclusion criteria. Third, there
were only 2 studies involved in group E. Thus, heterogeneity and
publication bias could not be avoided due to the limited literature
quantity. The fail-safe number also suggested that the result was
unstable. The result for group E should be interpreted with
caution.

Results of this meta-analysis are consistent with a variety of
observational and experimental studies that support a role for
leptin in tumor progression. Ishikawa [42] showed that leptin may
play a role in the carcinogenesis and metastasis of breast cancer,
possibly in an autocrine manner. Garofalo [43] reported that high
leptin level in obese breast cancer patients might contribute to the
development of antiestrogen resistance. Moreover, results from
animal studies suggested that leptin receptor antagonists might be
a new option for breast cancer treatment [44].

Laboratory data at the molecular level support the present
results. Furthermore, there have been some meta-analyses and
systematic reviews that investigated the association between leptin
receptor gene polymorphism and breast cancer [7-9]. These
results were conflicting as we mentioned in the introduction.
Grossmann [45] indicated that a high adiponectin to leptin ratio is
indicative of a positive risk profile compared to a low adiponectin

PLOS ONE | www.plosone.org

BC;breast cancer; HC: healthy control; Pre-BC: premenopausal breast cancer; Pre-HC: premenopausal healthy control; Post-BC: postmenopausal breast cancer; Post-HC:
postmenopausal healthy control; BBC;benign breast controls; Pre-BBC;premenopausal benign breast controls;Post-BBC: postmenopausal benign breast controls; LN+:
lymph node metastasis positive cases; LN-: lymph node metastasis negative controls.

to leptin ratio. Rose [46] suggested that leptin might be a strong
candidate for a role as a proximate effector in mediating the
adverse influence of obesity on breast cancer prognosis. In this
study, we focused on the relationship between leptin level and
breast cancer. The results indicated that higher leptin may be
associated with increased incidence and development of breast
cancer.

For group A, among the 9 studies without heterogeneity, 7
studies reported positive results with statistical significance. The
other 2 studies displayed higher leptin level in breast cancer
patients than that of healthy controls, although no statistical
significance was shown. The results for group B and C were
similar to group A. The leptin level of breast cancer patients for
group B and C was higher than that of healthy controls, regardless
of menopausal status. Some differences were statistically signifi-
cant, while some were not. The results from groups A, B and C
indicated that elevated leptin levels may promote breast cancer.
Therefore, leptin level is proposed as a screening tool in groups
with high breast cancer risk. For groups D and F, the leptin level
was higher in breast cancer patients than that of breast benign
controls. However, no statistical significance was found in group E.
Limited literature quantity and existence of heterogeneity might
account for this. Though not significant, the leptin level was found
to be higher in breast cancer patients of group E. Therefore, it
might be possible to distinguish breast cancer and breast benign
diseases by evaluating leptin level. For group G, lymph node
metastasis positive cases displayed higher leptin level; and all the
individual study reported positive results. Thus, higher leptin level
may indicate a poor prognosis. For group H, the leptin level was
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breastcancer  healthy control Std. Mean Difference Std. Mean Difference

o n, 95%
Mantzoros 2003 204 161 174 241 184 167 7.8%  002(:019,023) 2003 +
Tessitore 2003 16 6 49 29 06 12 56% 1.59(0.89,2.28) 2003 —_—
Jen1 2005 216 1127 165 20 112 155 7.6%  0.14[0.08,036) 2005 ™
XiuMingWang 2005 2984 2844 64 1334 313 31 6.9% 070(0.26,1.14) 2005 —
JuXingGao 2005 3172 2001 74 1185 307 30 69% 081(0.37,1.25] 2005 —
Chen 2006 1364 118 100 1007 55 100 7.6% 039(0.11,067] 2006 —
Dong-LinJiang 2006 3306 27.28 68 1242 557 40 7.0% 093(052,1.34) 2006 —
Liu 2007 1043 755 47 813 316 41 7.0%  038(004,081) 2007 —
Han 2008 1897 997 240 1331 781 500 8.0% 066 (0.50,082] 2008 -
Allustaoglu 2009 2855 197 30 2643 194 30 66%  0.11(040,061) 2008 -
HongXiaCul 2008 1548 652 68 1252 609 62 7.3% 047(0.12,081] 2009 —
Yiu-Li Fan 2009 192 86 98 62 42 47 T1% 1.73(1.33,213) 2009 —
Yang Liu 2010 1357 633 79 235 068 60 6.9% 233(1.89,2.76] 2010 —
YanWang 2011 1641 608 132 135 609 60 75% 048(017,0.79) 2011 -
Total (95% Cl) 1388 1335 1000%  0.74[045,1.03] -
Heterogeneity: Tau* = 0,.28; Chi*= 155.20, df= 13 (P < 0.00001); F= 92% S S S A S

Test for overall effect Z= 4.93 (P < 0.00001)

2 A
Favours experimental Favours control
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breast cancer breast Std. Std. Mean Difference

e n T i % Cl_Ye i)
XieMingWang 2005 2084 2844 64 2255 196 26 167%  028[0.18,0.73] 2005 T
JuXingGao 2005 3172 2911 74 2339 2099 28 168%  030[013,074 2005 T
Dong-LinJiang 2006 3306 27.28 68 2052 1673 31 168% 0510.08,0.34] 2006 —
LiLi Du 2006 1357 086 90 987 103 32 158% 463(3.92,535] 2006 ’
Pazaitou 2007 109 516 74 114 523 76 17.0%  -0.10(042,022) 2007 -
Hancke 2010 2087 1513 159 143 128 41 17.0% 040(0.06,0.75] 2010 [~
Total (95% CI) 234 100.0% 0.96 (0.04, 1.88) g
Heterogeneity. Tau®= 1.27; Chi* = 143.40, df= § (P < 0.00001); = 97% 4
Testfor overall efect 2= 2.05 (P = 0.04) Favours experimental Favours control

sta. sta.

breast

B

o Mean i Mean otal_Weiht IV, R a 5%
Li-LiDu 2006 1461 923 52 949 523 27 509% 063(0.15,1.10) 2006 ——
Hancke 2010 1526 1138 40 1483 145 25 494% 003047053 2010 —
Total (95% C1) 52 1000%  033(.025,091] B
Heterogeneity. Tau®= 0.11; Chi*= 2.83, df= 1 (P = 0.09); P= 65% Ry S S
Tesifor oversl efisct Z= 1.13 (P = 0.26) Favours experimental Favours control
st st
uby Mean Total T 1V, Fixe 1_Ye 1V, Fi 95% ClI
Hua Yu 2005 297 813 46 1678 513 28 177%  065(017,113) 2005 —
Jun-Ming Sun 2006 3488 2794 55 2299 1882 20 154% 0.45-0.06,097) 2006 —
XwDongHuang 2006 3051 3028 36 2031 1846 31 167%  0.71[022,121] 2006 —
Li-Li Du 2006 1433 702 38 1086 661 5 47% 0.49-0.45,1.43) 2006
Pazaitou 2007 114 547 61 115 514 54 307%  -002(038,035 2007 -+
Hancke 2010 2276 1636 119 1506 10 16 149%  049(004,101) 2010 —-—
Total (95% C1) 56 154 100.0% 0.39{0.19,0.60] *

Heterogeneity. Ch#*

cancer cases sta. sta.
n 1w 1 W,

Tessitore 2003 128 95 19 31 07 6 72% 1.12(0.14,209) 2003

Mantzoros 2003 187 125 49 22 145 44 158%  -0.241065,017) 2003 -

Jen 2005 251 1749 39 221 985 30 145%  020£028,068) 2005 ™

L-LiOu 2006 1461 923 52 823 45 70 164% 092(054,129) 2008 —

Woo 2006 1098 65 30 779 383 26 133% 0580.04,1.12) 2006 —

Hong-Xia Cul 2009 1332 63 52 105 349 29 148% 0510.05,097) 2009 —

Maccio 2010 202 108 8 18 101 105 180%  021}008,050] 2010 ™

Total (95% CI) 323 310 100.0% 0.41(0.09,0.74) >

Heterogeneity. Tau= 0.13, Chi*= 21.50, df= 6 (P = 0.001), F= 72%

Testfor overall effect Z= 2.50 (P = 0.01)

EEE] 1 2
Favours experimental Favours control

Mangzoros 2003 2656 169 125 249 195 123 99%  009[0.16,034 2003
Tessitore 2003 105 35 0 27 04 6 72% 2361.31,341) 2003
Jen 2005 204 195 118 195 122 123 99%  007(018,033 2005
Hua Yu 2005 207 913 461225 230 41 94% 1.41(0.94,1.88) 2005
LiLiDu 2006 1433 702 38 1083 554 33 94% 054[0.07,1.02] 2006
Woo 2006 1829 17.93 15 1258 858 19 87%  041(027,1.10) 2008
n-Dong Huang 2006 3051 3029 36 1263 226 56 71% 6.86(5.76,7.95] 2006
Jun-Ming Sun 2006 3488 2798 55 1133 493 20 92% 0.96(0.43,1.50) 2006
Hong:Ga Cui 2009 1753 614 35 1483 752 33 94%  039[009,087] 2009
Maccio 2010 307 138 98 196 161 116 99% 0.73(0.46,1.01) 2010
Dalamaga 2011 28 172 102 278 175 102 99%  006(022,033 2011
Total (95% C) 672 100.0% 100(057, 1.62)

698
71;Chi* = 191.80, of= 10 (P < 0.00001); = 95%
07 (P <0.0001)

Heterogeneity Tau?=
Test for overall effect

Figure 2.

4 2 4
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higher in breast benign diseases patients than in healthy controls.
Overall, the leptin level of the four population can be ranked as
follows: healthy controls<<breast benign diseases patients<<breast
cancer patients<lymph node metastasis positive breast cancer

A

breast cancer healthy control Std. Mean Difference

Std. Mean Difference

patients. However, the boundary values require further effort to

establish.

In summary, leptin might play a role in the formation and
development of breast carcinoma as well as prognosis. However,
the underlying mechanisms remain unclear and require further in-
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Figure 3. Forest plots for A B C D G groups of studies with no heterogeneity. A: breast cancer cases and healthy controls; B: premenopausal
breast cancer cases and healthy controls; C: postmenopausal cases and healthy controls; D: breast cancer cases and breast benign controls; G: lymph

node metastasis positive cases and negative controls.
doi:10.1371/journal.pone.0067349.9g003
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Figure 4. Galbraith bars for A B C D G groups with all included studies. A: breast cancer cases and healthy controls; B: premenopausal breast
cancer cases and healthy controls; C: postmenopausal cases and healthy controls; D: breast cancer cases and breast benign controls; G: lymph node

metastasis positive cases and negative controls.
doi:10.1371/journal.pone.0067349.9g004

depth study on macro and micro levels. In addition, the reference
range of leptin level in a normal population should be determined.
More data from longitudinal studies is required to clarify the
relationships between serum leptin level and breast cancer risk. We
believe that, with further investigation on leptin, new medications
could be developed to combat breast cancer and other breast
diseases.

Table 3. Fail-safe numbers of all groups for studies with no
heterogeneity.

Fail-safe number

Group Number of study o=0.05 a=0.01
A 9 344.098 165.933
B 4 9.635 2.755

C 5 70.489 32.399
D 4 15.591 5.706

E 2 0.908 —0.559
B 6 32.956 13.300
G 4 43.452 19.509
H 3 23.745 10.250

A: breast cancer cases and healthy controls; B: premenopausal breast cancer
cases and healthy controls; C: postmenopausal cases and healthy controls; D:
breast cancer cases and breast benign copone.0067349.g001.tifntrols; E:
premenopausal breast cancer cases and breast benign controls; F:
postmenopausal breast cancer cases and breast benign controls; G: lymph node
metastasis positive cases and negative controls; H: breast benign diseases cases
and healthy controls.

doi:10.1371/journal.pone.0067349.t003
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