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Background & aims: Several cohort and caseecontrol studies examined the association between fat mass
(FM) and the risk of breast cancer; however, findings are conflicting. The purpose of the present study
was to systematically review this association and conducted a meta-analysis, if possible.
Method: A systematic search of PubMed/Medline, Scopus, Web of Science and Embase databases was
conducted for cohort and caseecontrol studies, between January 2000 and 31 March 2018 with no
language limitations. Multivariate adjusted relative risk (RR) estimates with 95% confidence intervals (CI)
for each category of FM were pooled to examine the association.
Results: Finally, 12 papers were considered for quantitative synthesis. The pooled RR for the highest vs.
the lowest FM (%) of cohort studies was 1.44 (95% CI: 1.33, 1.56; I2: 63.3%, p ¼ 0.008). The overall effect
size for adjusted caseecontrol studies showed no significant association (1.49, 95% CI: 0.77, 2.90; I2:
93.2%; p ¼ 0.001). After stratification by menopause, it was revealed that the association between FM and
the risk of breast cancer in post menopausal women (2.29, 95% CI: 1.12, 4.68; I2: 92%, p ¼ 0.0001) was
significant, while there was no significant association in pre-menopausal women (0.68, 95% CI: 0.18,
2.58; I2: 81.3%; p ¼ 0.02).
Conclusion: Cohort studies showed that higher FM is positively associated with the risk for breast cancer.
However, only caseecontrol studies on post-menopausal women showed a positive link. Due to limited
studies and high heterogeneity, findings should be interpreted with caution. More cohort studies are
needed to clarify this association.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Obesity, an excess accumulation of adipose tissue, is linked with
the risk of several types of cancer including colon, endometrial,
kidney and breast [1]. Breast cancer is the most prevalent cancer
among women, affecting more than 1.5 million women, annually.
Based on the report by the World Health Organization in 2015,
approximately 15% of all cancer mortality among women is dedi-
cated to breast cancer [2]. In order to prevent breast cancer and
increase its survivals, early detection and identification of risk
factors is important [2,3].
ism. All rights reserved.
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Although several risk factors are known for breast cancer,
obesity is one of modifiable one that can be considered for the
prevention of breast cancer [4]. Obesity is a multifactorial disease
that is a consequence of interplay among environment, behavior,
and genetic parameters. The effects of obesity genes and their as-
sociations with breast cancer are conflicting. However, some evi-
dence showed the association of different obesity indices and
breast cancer [5].

Body mass index (BMI) that is a common anthropometric index
for obesity identification [1] cannot show the changes in adiposity
with age [4]. In addition, BMI cannot distinguish fat mass (FM) from
lean body mass. It is now recognized that BMI is not able to be a
reliable index to distinguish FM from fat free mass (FFM). BMI is
calculated based on only body weight and height and the differ-
ences in the proportions of FM and FFM are not taken into account.
This point is of great important because they might have different
prognostic significance [6].

In addition, age, gender, and race can impact upon FM, while
BMI is not influenced by such characteristics [7]. Based on evidence,
other anthropometric indices such as waist circumference (WC)
and waist-to-hip ratio (WHR) are indirect indices for fat distribu-
tion that may fail to show true association between obesity and
breast cancer due to their limitations. It seems another anthropo-
metric index should be used for predicting the occurrence of breast
cancer.

Adipose tissue is the main site for estrogen synthesis in post-
menopausal women. As the risk of breast cancer is increasing after
menopause, considering FM to predict breast cancer is likely to be
more suitable compared to other anthropometric indices [4].
Several cohort and caseecontrol studies examined the association
between FM and the risk of breast cancer [1,4,8e13]. However,
findings are inconsistent. Besides, the magnitude of association
between FM and the risk of breast cancer has not been clear yet.
Previous meta-analysis examined the association between other
obesity indices and cancer. For instance, the meta-analysis by
Renehan et al., showed that each 5 kg/m2 increase in BMI was
positively linked with the risk of breast cancer [14]. In other meta-
analysis by Harvie et al., it was revealed that about 40% lower risk
for breast cancer in women with smaller waist circumference [15].
Nevertheless, to the best of our knowledge, no systematic review
and meta-analysis examined the association between FM and the
risk of breast cancer, thus far. Accordingly, the purpose of the
present studywas to systematically review the association between
FM and the risk of breast cancer in adult population and conducted
a meta-analysis, if possible.

2. Material and methods

Search strategy:

This meta-analysis was planned, conducted and reported ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations [16]. Four main
databases including PubMed/Medline, Scopus, ISI Web of Science
and Embase were searched to find studies examining the associa-
tion between FM and breast cancer between January 2000 and 31
March 2018 with no language limitations. Search terms including
free terms andMedical Subject Heading terms (MeSH) usedwere as
follows: (“Breast cancer” OR “Breast Neoplasm” OR (Neoplasm and
Breast) OR “Breast Tumor*” (Tumor and Breast) OR (Tumors and
Breast) OR (Neoplasms and Breast) OR “Breast Carcinoma” OR
“Breast Carcinomas” OR (Carcinoma and Breast) OR (Carcinomas
and Breast) OR (“Mammary Neoplasms” and Human) OR “Human
Mammary Neoplasm” OR “Human Mammary Neoplasms” OR
(Neoplasm and “Human Mammary”) OR (Neoplasms and “Human
Mammary”) OR (“Mammary Neoplasm” and Human) OR “Breast
Cancer” OR (Cancer and Breast) OR “Mammary Cancer” OR (Cancer
and Mammary) OR (Cancers and Mammary) OR “Mammary Can-
cers” OR “Malignant Neoplasm of Breast” OR “Breast Malignant
Neoplasm” OR “Breast Malignant Neoplasms” OR “Malignant Tu-
mor of Breast” OR “Breast Malignant Tumor” OR “Breast Malignant
Tumors” OR “Cancer of Breast” OR “Cancer of the Breast” OR “breast
gland cancer” OR “breast gland neoplasm” OR “mamma cancer” OR
“mammary gland cancer”) AND (“fat mass” OR “body composition”
OR “body fat” OR adiposity) AND 2000/01/01:2018/03/31 [DP].
Additionally, the reference lists of retrieved publications were also
reviewed to identify relevant papers that might be missed during
electronic database search. The protocol of the study was registered
in the international prospective register of systematic reviews
(PROSPERO) database (http://www.crd.york.ac.uk/PROSPERO;
registration number: CRD42018098839).

Study selection:

Studies that met the following criteria were included: (i) the
study design was a prospective or caseecontrol study; (ii) the
exposure of interest was FM (both in the form of kilogram and
percentage); (iii) the outcome of interest was the incidence of
breast cancer; (iv) and (e) risk estimates with corresponding 95%
confidence intervals (CIs). Human studies with other designs
(cross-section, case series, case report, clinical trials, etc), animal
and In vitro studies were all excluded. Studies on mortality from
breast cancer or the recurrence of breast cancer or other types of
cancer, grey literature (theses, books, abstracts in conferences, in-
terviews, etc) were excluded as well. When one study on the same
population were reported in more than one study, the publication
containing larger sample size and more complete and sufficient
information was selected.

Data extraction:

Two authors (N.N, P.I) independently evaluated study eligibility,
extracted data (N.N, J.H) and conducted quality assessment (N.N,
L.A). Using a unified form, variables including study name (first
author's name and year of publication), location, study design,
subject characteristics, sample size, number of cases and controls,
ascertainment of cancer, cut point of fat mass, FM assessment tool,
follow-up duration, person-year, adjusted variables, risk estimates
and CI were extracted.

Risk estimates and 95% CI that were adjusted for the most var-
iables were extracted. If any of necessary information for analysis
was not available in the papers, corresponding authors were con-
tacted by email in three reasonable time intervals. Whenwe did not
get any response from authors, they were excluded from analysis.
In the next step, the two lists from the investigators were
compared, and any disagreements were solved by the principal
reviewer (B.L).

Quality assessment:

To examine methodological quality of the included studies, a 9-
point scoring system based on the NewcastleeOttawa Scale (NOS)
for cohort and caseecontrol studies was used [17]. In NOS checklist
for cohort studies the following main items were considered for
quality assessment: selection, comparability, and outcome. Main
items assessed for the quality of caseecontrol studies were as fol-
lows: selection, comparability, and exposure. The maximum score
for NOS was 9; and a high-quality study in the present meta-
analysis was defined as a study with minimum 5 points.

http://www.crd.york.ac.uk/PROSPERO
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3. Statistical analysis

Pooled RR and 95% confidence intervals (CIs) for the highest vs.
the lowest category of FM were computed using a random-effect
model to identify the association between FM and the risk for
breast cancer. The most fully adjusted RR of each paper was pooled
with the DerSimonian and Laird method. Between-study hetero-
geneity was evaluated using the I2 index. I2 values more than 50%
were considered substantial heterogeneity [18]. When there were
at least two studies in each category, we performed subgroup an-
alyses to find the main source of heterogeneity. Stratification was
conducted using the following factors: country (American, non-
American), menopause status (pre-menopause, post-menopause),
follow up duration (less or more than 9 years), sample size (less
or more than 12,000 subjects), and study quality (less or more than
5). To clarify the robustness of the pooled RR, sensitivity analysis
was used. It identified the pooled RR after the removal of any
included studies. To assess publication bias, Egger's regression
asymmetry test was used. Statistical analyses were performed
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4. Result

Study characteristics and systematic review:

The procedures of study selection are depicted in Fig. 1. Of 5874
publications (2056 duplicates), 3761 were excluded after screening
based on title and abstract. In the next step, the eligibility of 57 full-
texts of papers was examined. Forty-five studies were excluded due
to the following reasons: Irrelevant (n¼ 12), cross-sectional studies
(n ¼ 12), did not report FM (n ¼ 7), studies did not report either HR
or RR/OR (n ¼ 3), other types of cancers (n ¼ 5), studies on children
(n ¼ 1), studies did not report total FM (n ¼ 3), studies on cancer
survival (n ¼ 2). Finally, 12 papers that fully met the inclusion
criteria were included. As two caseecontrol studies [10,18] did not
report adjusted models, they could not pooled with other
caseecontrol studies and they analyzed, separately.
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The characteristics of the included studies are summarized in
Table 1. They were published between 2003 and 2018. Of 12
included studies, 7 had prospective cohort design [4,8,9,12,19e21]
and 5 were caseecontrol [10,11,13,18,22]. In cohort studies, a total
of 5323 women with breast cancer diagnosed among 242,053
participants. Case-control studies contained 1496 cases and 2173
controls. Four studies were conducted in European countries
[4,9,10,21], and the remaining were performed on American (n¼ 5)
[8,10e12,22], Australian (n ¼ 1) [20], and Asian (n ¼ 2) [13,18]
populations. All studies except five [10,11,13,18,23], included only
postmenopausal women. In two caseecontrol studies [11,13],
findings were reported for pre- and postmenopausal women,
separately. The duration of follow-up ranged from 5.7 to 12.9 years
and the mean age of participants varied between 43 and 73.5 years
old. Person-year was reported in only two cohort studies [9,12] and
they were between 125,528 and 78,386. To measure FM, DXA
(n¼ 1) [12] and different types of BIA (n¼ 11) [4,9,11,13,18e22]. The
methodological quality of all cohort studies [4,8,9,12,19e21] and
two caseecontrol studies [11,13] was high (score > 5) (Table 1).

In only two cohort studies [4,12], the fat of trunk and its asso-
ciation with breast cancer was examined. Both studies reported
that women with higher truck fat were greater at risk for breast
cancer compared to lower ones.

Most individual studies except two case-controls [10,18] were
adjusted for different potential confounding factors, such as age,
BMI, total energy intake, family history of breast cancer, and hor-
mone replacement therapy use. As studies with crude models
[10,18] cannot be pooled with adjusted ones, they pooled seper-
ately. In a caseecontrol by Martins et al., it was revealed that
women aged 41e60 years old with breast cancer had higher FM
(>38%) [10]. According to another caseecontrol study by Zunura
et al., there was no association between higher FM and breast
cancer among Malaysian women [18].

5. Meta-analysis

Cohort studies:

The combined multivariable-adjusted RR for the highest vs. the
lowest FM (%) of 7 cohort studies [4,8,9,12,19e21] was 1.44 (95%
CI:1.33, 1.56) (Fig. 2), with high between-study heterogeneity (I2:
63.3%, p ¼ 0.008). Only three studies reported FM in gram and the
pooled effect size showed that the link between FM (g) and the risk
of breast cancer was 1.43 (95% CI: 1.32, 1.54; I2:92%, p ¼ 0.0001).
Stratification by location revealed that the association between FM
and the risk of breast cancer in the U.S (1.59; 95% CI: 1.26, 2.00; I2:
0%) was stronger than other countries (1.42, 95% CI: 1.31, 1.55; I2:
72.6%; p ¼ 0.003). Stratification by duration of follow-up and
sample size did not attenuate the heterogeneity (Table 2). Only one
study adjusted findings for total energy intake [12], after excluding
this study no considerable changewas observed in the overall effect
size (1.42, 95% CI: 1.34, 1.50; I2: 80.2%; p ¼ 0.0001). As the meth-
odological quality of all the included cohort studies was high, we
could not examine the effect of quality on findings.

Case-control studies:

The overall effect size extracted from 3 studies adjusted for
covariates (5 effect sizes) [11,13,22] showed no significant associa-
tion between FM and the risk of breast cancer in caseecontrol
studies (1.49, 95% CI: 0.77, 2.90; I2: 93.2%; p ¼ 0.001) (Fig. 3).
Pooling two studies with crude models [10,18] also showed no
significant link (1.00, 95% CI: 0.96, 1.05; I2:0%, p ¼ 0.57). After
stratification by menopause (in adjusted studies), it was revealed
that the association between FM and the risk of breast cancer in
post menopausal women (2.29, 95% CI: 1.12, 4.68; I2: 92%,
p ¼ 0.001) was significant, while there was no significant associa-
tion in pre-menopausal women (0.68, 95% CI: 0.18, 2.58; I2: 81.3%;
p ¼ 0.02). As breast cancer is affected by several covariates, we
cannot make decision on the link based on crude models. There-
fore, we analyzed adjusted and non-adjusted studies, separately
and focused more on adjusted ones.

Publication bias:

Egger's linear regression test showed no publication bias neither
for cohort (p ¼ 0.78) nor caseecontrol studies (p ¼ 0.58).

Sensitivity analysis:

Sensitivity analysis confirmed the robustness of findings for
cohort studies (range of pooled RR: 1.41 to 1.49). However, leaving
out any caseecontrol study changed the pooled effect size (range of
pooled RR: 1.22 to 1.93).

6. Discussion

In the present meta-analysis on cohort studies, we found that
women with higher FM (kg, percent) were at risk for breast cancer
compared to those with lower one by 43% and 44%, receptively.
However, the between-study heterogeneity was high. In addition,
pooling caseecontrol studies revealed that in women with higher
FM (%) the risk for breast cancer was not significant compare to
whom with lower one. Considerable association was existed in
post-menopause women, while it was not significant in pre-
menopause ones. However due to high heterogeneity and the
lack of robustness, results should be interpreted by great caution.

To the best of our knowledge, the current study is the first
systematic review and meta-analysis on the association between
FM and the risk for breast cancer. Earlier, two meta-analyses
examined the link between other anthropometric indices and the
risk for breast cancer occurrence [15,24]. According to the study by
Hidayat et al., on the link between BMI at a young age and breast
cancer [24], it was found that every 5 kg/m2 increase in BMI at
young age (� 30 years old) was associated with a 14% and 13%
greater risk for breast cancer in postmenopausal and all women,
respectively [24]. Our meta-analysis was similar to Hidayat et al.,
from the view point of positive association between obesity and
breast cancer. In another meta-analysis by Harvie et al., it was
revealed that post-menopausal womenwith the smallest waist-to-
hip ratio (WHR) and waist circumference (WC) had a 24% and 39%
lower risk of breast cancer compared to those with the largest ones
[15]. They also found that adjustment for BMI, attenuated the as-
sociation in post-menopausal women. Regarding the association
between obesity and breast cancer, our findings were in line with
Harvie et al.,'s study. Compared to Harvie et al., it seems that the
link between FM and breast cancer is stronger than WC and WHR
[15]. However, their findings were not heterogenic, while in our
meta-analysis (both cohort and caseecontrol studies), there was a
considerable heterogeneity. In a meta-analysis by Nedooshan et al.,
it was found no association for FM and obesity associated (FTO)
gene rs9939609 polymorphism with breast cancer. As many gene
polymorphisms are involved in obesity and an increase in FM, is
likely to be a link between breast cancer with other polymorphisms
[5].

In the current meta-analysis, it was revealed that the association
between FM and breast cancer in American population was stron-
ger than non-Americans (RR: 59% vs. 42%, respectively). Although
there was no heterogeneity in American studies, only two cohort
studies were conducted in the U.S. Therefore, it seems making



Table 1
Characteristics of the included studies in the systematic review.

Cohort studies

Author/Year Location Mean
age
(year)

Subjects Total
participants

Case Control Ascertainment
of cancer

Cut point of
fat mass

Assessment
tool

Mean
Follow-up
(year)

adjustment Quality score

Guo et al.
(2018) [4]

UK 60 Post
menopause

162,691 2913 e ICD-10 C50 37.6 vs.
17.6 kg

BIA (Tanita
BC-418MA)

5.7 1,2,3,4,5,6,
7,8,9,10,11,12

9

21.15 vs.
55.85%

Rohan et al.
(2013) [12]

US 62 Post menopause 11,393 537 e Self-report e DXA 12.9 13, 14, 10, 1,
2, 3, 5, 4, 15,
16, 17, 9, 8,
7, 18, 19

9

Borgquist et al.
(2009) [21]

Sweden 60 Post menopause
with no hormone
therapy

9685 305 e Record linkage
with Swedish
Cancer Registry,
Regional tumor
registry for
Southern Sweden

% BIA (103, RLJ-
systems,
Detroit, MI)

10.3 13, 2, 5, 3, 20,
15, 4, 14, 21, 7, 8

8

Mellemkjaer
et al. (2006)
[9]

Danish 57 Post menopause 23,788 633 e Cancer registry �39.3
vs. <30.1%

BIA 101-F 6.7 4, 3, 23, 14, 8 7

Krebs et al.
(2006) [8]

U.S 73.5 Older
postmenopause

7523 350 e Review of
medical records

Q4 (>43.4)
vs. Q1 <35.4%

BIA Valhalla
1990B

11.3 13, 6, 25,23, 1,
9, 14, 26, 2, 5, 7

9

MacInnis et al.
(2004) [20]

Australia 66.1 Post menopause 13,598 357 e ICD 9th rubric
174.0e174.9,
10th revision
rubric C50.0-C50.9

Q4 vs.Q1 BIA-101A RJL 9.1 2, 24, 14,9, 16 7

Lahmann et al.
(2003) [19]

Sweden 60 Post menopause 13,375 228 e Record linkage
with regional
and national cancer
registries in Sweden

>36
vs. <27%

BIA-103 RJL 5.7 13, 11, 22, 4,
7,8, 3, 2, 6

7

Case-control studies
Ameri et al.

(2017) [13]
Iran 48 Pre-menopause 174 48 45 Examination

by physicians
�38.9
vs.�32%

BIA (Tanita) e 1, 3, 14, 27 5
post menopause 40 41

Zunura et al.
(2016) [18]

Malaysia 45 Women
aged 20e59
years old

112 56 56 Not reported %- no
category

BIA (Tanita) e Not adjusted 3

Bandera et al.
(2013) [11]

US 43 Pre-menopause 1936 978 958 Self-report >52.6 vs.
� 44.1 kg
>46.5
vs.� 35.9%

BIA (Tanita®
TBF-300A)

e 13, 10, 24, 14,
1, 23, 2, 5, 4,
28, 3, 16, 29

5
58 post menopause

Martins et al.
(2012) [10]

Goiania 48 Women 62 31 31 Not reported >38% BIA (model
1500 Bodystat)

e Not adjusted 3

L.Ronco et al.
(2009) [23]

Uruguay Up to 70 Women up to 70
years old

1385 343 1042 Examination
by physicians

IV vs.I BIA e 1, 2, 3, 5, 9,
15, 28, 30, 32, 33

4

BIA: bioimpedance analyzer; DXA: dual X-ray absorptiometry.
1: family history of breast cancer, 2: age at menarche, 3: age at first birth, 4: parity, 5: age at menopause, 6: previous HRT use, 7: smoking, 8: alcoholintake frequency, 9: physical activity, 10: ethnicity, 11: height, 12: body size at
age 10, 13:age at enrollment, 14: education, 15: oral contraceptive use, 16:duration of hormone therapy, 17:previous breast biopsy, 18:intake of energy, 19: randomization status, 20:bilaxeral oophorectomy, 21: Occupation
status, 22:Occupation, 23: Benign breast tumor, 24: Country of birth, 25: Hip bone mineral density, 26: live birth, 27: childbirth number; 28:education; 29: urban/rural status, 30:menopause status, 31:months of breastfeeding,
32: body mass index, bone weight.
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Fig. 2. Forest plot of the association between fat mass and the risk of breast cancer in cohort studies.
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decision on the effects of geographical regions on this association
needs more studies. It is notable that leaving out any cohort study
did not change the pooled effect estimate considerably. In addition,
methodological quality of the all cohort studies was high and we
can be sure that findings were not influenced by study quality.

However, findings from caseecontrol studies should be inter-
preted with great caution due to high heterogeneity and the lack of
robustness. As there were only three caseecontrol studies, we
could not perform subgroup analysis to find the main source of
Table 2
Subgroup analysis for the association between fat mass and breast cancer.

No. effect size Poole

Cohort
Location
U.S 2 1.59
Other countries 6 1.42
Follow up duration
<9 years 4 1.28
�9 years 4 1.59
Sample size
<12,000 3 1.43
�12,000 5 1.41
Case-control (adjusted studies)
Postmenopausal women 3 2.29
Premenopausal women 2 0.68
heterogeneity. As the study by L.Ronco et al. [22], had low quality
among adjusted caseecontrol studies, we excluded this study and
examine the pooled effect size again. We found that the overall
effect size fell to 1.36 (95% CI: 0.89, 2.09; p ¼ 0.55) and the het-
erogeneity was removed.

The effects of central and general fat accumulation on hormone
and growth factor metabolism that might be followed by the risk of
breast cancer are likely to be different [15]. However, in our meta-
analysis most studies reported only total fat mass not fat mass for
d effect size (95% CI) I2 (%) P heterogeneity

(1.26, 2.00) 0 0.95
(1.31, 1.55) 72.6 0.003

(1.19, 1.39) 63.5 0.01
(1.47, 1.71) 74.1 0.004

(1.35, 1.52) 87.7 0.0001
(1.25, 1.64) 56.5 0.04

(1.12, 4.68) 92 0.0001
(0.18, 2.58) 81.3 0.02



Fig. 3. Forest plot of the association between fat mass and the risk of breast cancer in adjusted caseecontrol studies.
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different parts of body (i.e. trunk), separately. Therefore, this matter
remained unclear.

Mean age can also affect the association. Based on the study by
Krebs et al. [8], on older postmenopausal women (mean age: 73.5
years), the link between adiposity and breast cancer was J-shaped.
They also suggested that thinness in elderly subjects was a pre-
dictor for inflammation or sub-clinical disease that might elevate
the risk for breast cancer [8]. However, in the present study the
mean age of participants in all included studies except two [11,13]
were similar and we could not stratified findings based on age. To
examine the effect of Krebs et al. [8], study on the overall effect size,
we excluded this study. Nevertheless, it was not changed consid-
erably (RR: 1.40, 95%CI: 1.18, 1.66, I2:68.1; p ¼ 0.005).

The association between FM and the risk for breast cancer can
be partially explained by the following possible mechanisms: i)
elevated serum levels of leptin and inflammatory markers
including IL-6 and TNF-alpha following fat accumulation; ii)
decreased levels of adiponectin levels that has anti-inflammatory
effects; iii) increased insulin/insulin-like growth factors signaling;
iv) dyslipidemia; v) elevated aromatase expression in adipose tis-
sue; vi) a reduction in circulating sex-hormone-binding globulin
and an increase in bioavailable estrogens levels [12].
Our systematic review and meta-analysis has several limita-
tions. First, we cannot perform doseeresponse analysis due to the
lack of sufficient information in most included cohort studies and
limited caseecontrol studies. Second, as all cohort studies reported
the association in post-menopausal women we could not compare
the link in both pre- and post-menopausal women. Third, due to
limited studies that reported results for both HRT and non-HRT,
separately we could not provide results based on this regard.
Forth, different cut points were considered among studies that did
not allow us to provide a certain cut point for FM that increase the
risk for breast cancer.

Strengths of our meta-analysis were as follows: i) it was the first
meta-analysis on the association between FM and risk for breast
cancer; ii) study quality of the included studies was examined; and
iii) subgroup analysis and sensitivity analysis were conducted to
clarify the main factor of heterogeneity and the robustness of
findings. Findings of the present study can be helpful for clinicians
particularly nutritionists to prevent breast cancer occurrence in
post-menopause using preventive and treatment strategies to
reduce fat accumulation. Studying on other types of cancer and
their associations with various anthropometric indices to find the
best predictor for the risk of cancer is suggested.
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7. Conclusion

The present meta-analysis on cohort studies provided evidence
that higher FM is positively associated with the risk for breast
cancer. However, only caseecontrol studies on post-menopausal
women showed a positive link. Heterogeneity in cohort studies
remained considerably high. Due to limited studies and high het-
erogeneity, findings should be interpreted with caution. More
cohort studies are needed to clarify this association and introduce a
certain cut-off points for FM that is linked with breast cancer risk in
various societies.
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