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Abstract

Background: There is sufficient evidence supporting a relationship between increased body mass index (BMI) and
an increased risk for breast cancer among postmenopausal women. However, most studies have found a decreased
risk for premenopausal breast cancer. This study was conducted to find out the different effects of BMI on the risk
of breast cancer among premenopausal and postmenopausal women, and explore the potential factors that
influence the associations.

Methods: A dose-response meta-analysis with 3,318,796 participants from 31 articles was conducted. Cohort
studies that included BMI and corresponding breast cancer risk were selected through various databases including
PubMed, Medline, Web of Science, the China National Knowledge Infrastructure (CNKI) and Chinese Scientific
Journals (VIP). Random effects models were used for analyzing the data.

Results: The summary relative risks (RRs) were 1.33 (95%Cl: 1.20-1.48) and 0.94(95%Cl: 0.80-1.11) among
postmenopausal and premenopausal women, respectively. The dose-response meta-analysis indicated a positive
non-linear association between BMI and breast cancer risk among postmenopausal women, and compared to the
mean level of the normal BMI category (21.5 kg/m?) the RR in total postmenopausal women were1.03 (95% Cl: 1.
02-1.05) per 1 kg/m? increment. However, no statistically significant association among total premenopausal
women was detected. In subgroup analysis among European premenopausal women, the summary RR was 0.
79(95%Cl: 0.70-0.88). The non-linear relationship showed a negative non-linear association between BMI and breast
cancer risk among European premenopausal women. When compared to the mean level of the normal BMI
category, the RRs were 0.98 (95%Cl: 0.96-1.00) per 1 kg/m2 increment, respectively.

Conclusions: In line with previous studies BMI had different effects on pre-menopausal and postmenopausal breast
cancer risk. However, contrary to previous studies, a high BMI was not associated with decreased risk in total pre-
menopausal women. More research is needed to better understand these differences.
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Background
Breast cancer is the most frequently diagnosed cancer and
the leading cause of cancer death among females world-
wide. It accounts for 25% of all cancer cases and 15% of all
cancer deaths among females [1]. Breast cancer is a
known health consequence of overweight and obesity [2].
There is sufficient evidence supporting a relationship
between increased body mass index (BMI) and an in-
creased risk for breast cancer among postmenopausal
women [3-5] However, studies among premenopausal
women are inconsistent and unclear. Some studies have
shown a decreased risk for premenopausal breast cancer
[5-7], while others have suggested no association [3, 8,
9]. The American Institute for Cancer Research (AICR)
& World Cancer Research Fund (WCRF) continuous up-
dated report on nutrition and cancer [10] currently de-
fines higher BMI as a convincing risk factor for
postmenopausal breast cancer while for premenopausal
women higher BMI is defined as probably decreasing
breast cancer risk. The present meta-analysis which may
included more cohort articles and subgroup analyses was
conducted to find out the different effects of BMI on the
risks of breast cancer among premenopausal and post-
menopausal women, and explore other potential factors
that influence the associations deeply.

Methods and materials

Search strategy

We searched PubMed, Medline, Web of Science, and
Chinese academic databases including the China Na-
tional Knowledge Infrastructure (CNKI) and Chinese
Scientific Journals (VIP) databases for publications on
the associations between BMI and breast cancer in
humans, through December 31, 2015. The keywords
were (obesity OR obese OR adiposity OR fat OR fatness
OR “body mass index” OR BMI OR “body size” OR
weight OR overweight) AND (“breast cancer” OR “breast
carcinoma” OR “breast neoplasm”). References from re-
views and meta-analyses were also searched for add-
itional publications.

Study selection and data extraction
Studies were included according to the following criteria:

1) Original article publication.

2) Study design was a prospective cohort study.

3) Study had BMI categories of no fewer than three,
with a relative risk (RR) or hazard ratio (HR), and
corresponding 95% confidence interval (CI) for the
breast cancer presented for each BMI category.

4) The studies provided the cases and person-years
number for each BMI category.
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From the selected studies the information extracted
was: first author’s last name; publication year; country of
origin; duration of follow-up; intervals of each BMI cat-
egory; number of cases and cohort size of each category;
relative risks and the 95% CI for each BMI category; and
variables adjusted for in the multivariable analysis. The
results that were adjusted by the most possible con-
founding factors were extracted. If data were reported by
age category, hormone replacement therapy (HRT) use
or other factors in one publication, they were considered
as different studies. Two investigators (Cai and Wang)
independently retrieved the data. The disagreement was
resolved by mutual discussion.

Figure 1 shows the flow chart for the literature re-
trieval and selection. During the first round of the
search, a total of 1488 published articles from PubMed,
Web of Science, Medline and Chinese academic (CNKI
and VIP) databases prior to December 31, 2015 were
identified. All the identified articles were screened, after
which only 31 papers were selected. Other studies were
excluded due to the following reasons:

1) 1375 studies were duplicated or irrelevant to our
study according to titles or abstracts.

2) 18 studies were reviews or meta-analyses.

3) 35 studies were case-control studies.

4) 29 studies were excluded because the data needed
were not available.

Quality assessment of studies

Using the Newcastle-Ottawa Scale (NOS), the quality of
the included studies was assessed independently by two
reviewers (Cai and Wang). This scale ranges from 0 to 9
stars and awards four stars for selection of study partici-
pants, two stars for comparability of studies, and three
stars for the adequate ascertainment of outcomes. Scores
of 0-3, 4-6, and 7-9 are viewed as low, moderate, and
high quality, respectively.

Statistical analysis
Because the incidence of breast cancer is low, HR is
mathematically similar to RR. The results were reported
as RR. The associations between BMI and the risk of
breast cancer were quantified by comparing the highest
versus the lowest categories. For the dose-response
meta-analysis, the dosage value corresponding to each
BMI was the median of the upper and lower boundaries.
For the studies that did not report a median, the mid-
point of closed categories was used. In the case of open
ended highest category or lowest category, we assumed
that the boundary had the same amplitude as the adja-
cent category [11, 12].

The least squares estimation was conducted to ac-
count for the correlation with the logRR estimates across
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Fig. 1 Flow chart showing literature retrieval and selection for this meta-analysis (CNKI (China National Knowledge Infrastructure) and VIP (Chinese

repeated studies

the BMI [13, 14]. The non-linear dose-response relationship
was estimated in two stages [15]: firstly, the distribution of
BMI was estimated using the restricted cubic spline model
with 3 knots at percentiles 10%, 50% and 90%, and the 2 re-
gression coefficients calculated; secondly, the variance or co-
variance matrix within each study was combined. A non-
linearity test was conducted, by testing the null hypothesis
that the coefficient of the second spline is equal to zero.

Heterogeneity among studies was assessed using the y2
test. The quantification of heterogeneity was assessed by
the I* statistic. An I* above 50% indicated high heterogen-
eity. A random effect model was implemented. Publication
bias was identified with the Begg’s rank correlation test
and Egger’s regression test [16, 17]. The highest versus the
lowest BMI meta-analysis and subgroup analysis were per-
formed in Review Manager 5.3 (Cochrane). The sensitivity
analyses and trim-and-fill analysis [18] were estimated in
Stata 12.0. The non-linear dose-response meta-analysis
was conducted in R 3.2.0. Statistical significance was
present when P < 0.05, except where there was a publica-
tion bias or heterogeneity when P < 0.10.

Results

Study characteristics

Additional file 1 shows the characteristics of all the se-
lected studies. All 31 selected studies were prospective
cohort, with a total of 3,318,796 participants included in
this meta-analysis. A total of 42,271 cases of breast cancer
were documented during the follow-up. Among the 31

articles, six studies provided information on all women in-
cluded in the study not minding their menopausal status
[19-24], 17 studies provided information on premeno-
pausal and postmenopausal women independently [3, 7, 8,
22-35], ten studies provided data on postmenopausal
women only [4, 36—44], and one study provided informa-
tion about premenopausal women only [45].

Among the studies, 12 were conducted in Europe [3,
7, 8, 20, 24, 28, 29, 34, 36, 40, 41, 45], 12 in the USA [4,
19, 22, 26, 30-32, 37, 39, 42-44], six in Asia [23, 25, 27,
33, 35, 38] and one in Australia [21]. In addition, eight
studies provided the data on HRT non-users [3, 4, 30,
34, 39, 41, 42, 44], while four studies provided the data
on HRT ever-users [3, 4, 34, 41]. Furthermore, six stud-
ies provided data on estrogen receptor positive breast
cancer [26, 30, 39, 42-44], while five studies provided
estrogen receptor negative data [26, 30, 42—-44]. Thus,
we conducted subgroup analyses to identify possible
sources of heterogeneity. The participants’ age at base-
line ranged from 30 to 79 years old, and all studies pro-
vided adjusted risk estimates; the RRs were adjusted for
age, smoking, height, alcohol, physical activity, age at
menarche, education, parity, marital status, use of HRT,
family history of breast cancer, study area and other fac-
tors. NOS scores ranged from six to nine.

Highest versus lowest BMI meta-analysis
In this study, we selected the RRs corresponding to the
highest BMI categories as the highest dose, and the RRs
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corresponding to the normal BMI categories as the low-
est dose. Eighteen studies reported on the relationship of
BMI with premenopausal breast cancer risk, the sum-
mary RR was 0.94(95%CI: 0.81-1.11) (see Fig 2), and
heterogeneity among these studies was statistically sig-
nificant (P =0.01, I* = 49%). Both Begg’s regression test
(P=0.705) and Egger’s correlation test (P=0.347)
showed no publication bias. Another 26 studies reported
a link between BMI and breast cancer risk among post-
menopausal women, with a summary RR of 1.33(95%Cl:
1.20-1.48) (see Fig 3) along with evidence of heterogen-
eity (P<0.01, I* = 66%). The Begg’s correlation test (P =
0.113) and Egger’s regression test (P = 0.603) showed no
publication bias for these studies, as shown in Table 1.

Subgroup analyses

The subgroup analyses are shown in Table 1. There was
a significant positive association in the postmenopausal
women with no prior history of HRT use (RR=1.43,
95% CI: 1.21-1.68) and those women with estrogen re-
ceptor positive status (RR=1.32, 95% CIL: 1.23-1.42).
However, no association was observed in the group of
postmenopausal women with a previous history of HRT
use (RR=0.94, 95% CI: 0.63-1.40) or among women
with an estrogen receptor negative status (RR=0.87,
95% CI: 0.72-1.05). The subgroup analysis between
those that were below 65 years old (RR =1.35, 95% CI:
1.04—1.76) and those above 65 (RR = 1.53, 95% CI: 1.39—
1.68) both showed a positive association between BMI
and breast cancer in postmenopausal women, and the
heterogeneity among studies with an age above 65 was
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not statistically significant (P =0.68, P =0). When sub-
group analysis was done for different geographical loca-
tions, it showed significant associations between BMI and
breast cancer in Asia (RR =2.10, 95%CI: 1.64—2.69) and
America (RR =1.29, 95%CI: 1.14-1.46), but poor associ-
ation in Europe (RR=1.19, 95%CI: 0.98-1.43). Interest-
ingly, for premenopausal women, an inverse significant
association between BMI and breast cancer was detected
in Europe (RR =0.79, 95%CI: 0.70-0.88), but no signifi-
cant associations in America (RR =1.10, 95%CI: 0.77—
1.57) or Asia (RR = 1.23, 95% CI: 0.95-1.59).

Additionally, we conducted a subgroup analysis strati-
fied by follow-up year, the number of cases in the studies
with shorter follow-up is lower, and consequently the
power is reduced. In postmenopausal women, there was
a significant association between BMI and breast cancer
risk when the follow-up was above 5 years(RR =1.29,
95%CI: 1.19-1.41), while no significant association was
detected when the follow-up was below 5 years(RR =
1.21, 95%CI: 0.97-1.51). In premenopausal, there was no
significant association between BMI and breast cancer
risk in both subgroups.

Dose-response analyses

For postmenopausal women, 26 studies including 62
comparisons reported RRs for corresponding BMI cat-
egories. The dose-response meta-analysis indicated a
positive non-linear association between BMI and breast
cancer risk among postmenopausal women. When com-
pared to the mean level of the normal BMI range, it
showed a 3.4% increased breast cancer risk per 1 kg/m?.
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Fig. 2 Forest plot of body mass index (BMI) and relative risk of breast cancer in premenopausal women (The highest vs. lowest BMI categories
are being compared, the pooled RR was 0.94 (0.80-1.11), which showed no association between BMI and breast cancer risk in
premenopausal women)




Chen et al. BMC Public Health (2017) 17:936

Page 5 of 11

Rivk Ratio Rivk Ratio

Study or Subgroup log[Risk Rafo] SE Wwight I, Random, 95% Cl Iv, Random, 95% ClI

Carclol2012 0508 0186088 +.3% 177 (123,259 -

Cecchini2012 0.131023 0097949  6.3% 1.14 P24, 139 ™

Gala1 6/19% 0405485 0212417 3% 150 p99,227) B

Gardet2014 0064712 012981  6.0% 140 (110,179 il

W Zaki20? 004082 0157918 5.0% 096 p10,131 &

Kaaks 1998 0824175 0452057 1.3% 228 P94,553 —

Kerlkowsk e/2008 0.009%5 0293043 2.5 101 p57,139 b

Kiriama2005 0215111 0094188  6.5% 124 (103,149 o

Lalman /2004 0932008 0488033  1.1% 267 (103,693 I

LiHongla1 /2006 005129 0340287 2.0% 095 P49, 139 .

Likaroua2006 0.039221 0135364  56% 104 20,139 T

Narde 52011 0235712 0224581 35 079P51,123 .

Narg 12001 076961 0.178496  +.5% 108 P6,153 T

Me lemkjae 22006 0.425268 0484391  1.1% 153 059,399 N

WNorin otof2002 03435 0101965 6.6% 141[1.15,173 ling

Opdalt11 024846 0151407 5.3% 018 P58, 104 ]

Paime 2000 0.41371 003%B15 8% 152 [1.42,1563 »

Reeues2000 0.239017 0433161 1.9 127 P5+4,297) -T—

Re itk 12000 0.963174 03972 1.6% 262 121,567 —%

So192003 0858662 0256598  3.0% 236 143,390 ==

Sonrersclein /1999 1202972 0495246  1.1% 333126879 -

Sizikiz013 0.364643 0060093 7.8% 144 128,153 *

Sweerey2004 107841 0436549 1.9 294 125,693 e

Te hard 2005 00202 020085 4.0% 098 P66, 1.49 -

var der Braidt'1997 0854415 0229633  3.4% 235 150,369 —_—

Wada/014 0.N84B 0277241 27% 146 P35,2.49 T

Total (35% CI) 1000% 133 [1.20, 1.48) ’

A Tari=003:CHF = =25 (P < p= ' + + !
s i TR TR RSN T
Favors Bxpermerta] Favorrs portol
Fig. 3 Forest plot of the body mass index (BMI) and relative risk of breast cancer in postmenopausal women (The highest vs. lowest BMI
categories are being compared, the pooled RR was 1.33 (1.20-1.48), which showed a positive association between BMI and breast cancer risk in
postmenopausal women)
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In terms of premenopausal women, a dose-response
analysis including 18 studies with 25 comparisons was
conducted, the non-liner relationship between BMI and
breast cancer risk showed no statistical significance
among total premenopausal women (y [2]=3.574, P=
0.168). In the subgroup analysis of premenopausal
women, high BMI showed a decreased breast cancer risk
in European women, and it showed a 2.3% decreased
breast cancer risk per 1 kg/m* compared to 21.5 kg/m>.
The detailed information of the dose-response meta-
analysis results and charts of premenopausal and post-
menopausal women as well as the subgroup analyses are
shown in Table 2, Fig. 4 and Fig. 5.

Publication bias

No publication bias was observed for any of the studies
or the subgroup studies, except for studies on postmen-
opausal women in Europe using the Egger’s test (P =
0.046). After using a trim-and-fill analysis, no study
showed bias, and the results were unchanged.

Sensitivity analysis

For the sensitivity analysis, we omitted one study at a
time in turn to assess the potential studies which may
influence the main results. In the studies for premeno-
pausal women, the summary RRs showed little variation

ranging from 0.89(95%CIL: 0.77-1.03) to 0.98(95%ClL:
0.84-1.15), and the result was not influenced by any sin-
gle study. Similarly, the sensitivity analysis in postmeno-
pausal women showed stable results, which ranged from
1.30 (95%CI: 1.17-1.45) to 1.36 (95%CI: 1.23—1.51).

Discussions

In this meta-analysis, there was a significant positive as-
sociation between BMI and breast cancer risk among
postmenopausal women but no correlation among total
premenopausal women. Non-linear dose-response ana-
lysis showed that the breast cancer risk increased by
3.4% for every 1 kg/m?* increment of BMI in postmeno-
pausal women.

Heterogeneity was observed among the studies included
in our meta-analysis. The diversity most likely comes from
differences in study design, sample source and size, refer-
ence categories, different BMI cut-offs, different weight
distribution, length of follow up, racial difference, ER sta-
tus, HRT use or other potential confounders. We con-
ducted a subgroup analysis to explore the heterogeneity
and potential factors influencing the associations. The het-
erogeneity was zero (I* = 0) when stratified by ER status,
suggesting ER status may be an interactive factor for the
relationship between BMI and breast cancer risk. The last-
est WCRF 2017 report showed that in postmenopausal
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Table 1 Subgroup analysis showing differences between studies included in the meta-analysis (highest versus lowest BMI)

Variables Number Number Test of association Test of heterogeneity Publication bias P
of studies of cases Pooled RR (95% Cl) P value (%) P value Begg's Egger's
Pvalue P value

All 31 43,698 1.19(1.06-1.33) 0.002 67 <0.00001 0.696 0.542

Menopausal status 0.0006
Pre- 18 5588 0.94(0.81-1.11) 049 49 0.01 0.705 0.347
Post- 26 35012 1.33(1.20-1.48) <0.0001 66 <0.00001 0.113 0.603

Post- age 0.400
above 65 4 3580 1.53(1.39-1.68) <0.0001 0 0.68 0.734 0.581
below 65 1346 1.35(1.04-1.76) 0.02 55 0.09 0.308 0.208

Post- ER status <0.0001
ER+¢ 6 7776 1.32(1.23-1.42) <0.0001 0 0.67 1.000 0.679
ER-€ 5 1109 0.87(0.72-1.05) 0.15 0 057 0.806 0496

Post- HRT use 0.06
Never 8 8684 143(1.21-1.68) <0.0001 55 0.03 0.902 0.811
Ever 4 2580 0.94(0.63-1.40) 0.76 61 0.05 0.734 0.669

Post- Area 0.0006
America 12 20,036 1.29(1.14-1.46) <0.0001 63 0.002 0.945 0912
Asia 5 2234 2.10(1.64-2.69) <0.0001 0 08 0.806 0.152
Europe 9 12,742 1.19(0.98-1.43) 0.07 71 0.0006 0917 0.046

Post- follow up years 0610
Below 5 5 6482 21(0.97-151) 0.08 0 0.56 0.806 0.849
Above 5 21 28,730 1.29(1.19-141) <0.0001 59 0.0003 0415 0.792

Pre- follow up years 0510
Below 5 3 1071 0.82(0.60-1.12) 022 33 023 1.000 0.190
Above 5 15 4517 092 (0.79-1.08) 032 41 0.05 0921 0.202

Pre- Area 0.004
America 5 1322 1.10(0.77-1.57) 0.61 71 0.008 0.858 0.304
Asia 5 1179 1.23(0.95-1.59) 0.12 0 044 0.806 0.698
Europe 8 3087 0.79(0.70-0.88) <0.0001 0 049 0.283 0.387

2 indicates that P value was used for comparing the differences among subgroups. °

indicates estrogen receptor positive status, e indicates estrogen receptor negative status

Table 2 The results of non-liner relationship between BMI and breast cancer risk

indicates premenopausal women, c indicates postmenopausal women, d

215 kg/m? 225 kg/m? 235 kg/m? 25.0 kg/m? 265 kg/m? 30.0 kg/m?
Post 1(Reference) 1.03(1.02-1.05) 1.07(1.04-1.10) 1.12(1.08-1.17) 1.17(1.11-1.23) 1.26(1.18-1.35)
Post-America 1(Reference) 1.03(1.02-1.05) 1.07(1.03-1.10) 1.11(1.06-1.17) 1.16(1.09-1.24) 1.26(1.15-1.38)
Post-Europe 1(Reference) 1.02(1.00-1.04) 1.04(1.01-1.09) 1.08(1.02-1.15) 1.12(1.03-1.21) 1.19(1.06-1.33)
Post-Asia 1(Reference) 1.10(1.07-1.13) 19(1.13-1.25) 1.32(1.24-1.41) 142(1.31-1.54) 1.60(1.37-1.87)
Post-HRT® non user 1(Reference) 04(1.02-1.07) 1.09(1.04-1.14) 1.16(1.08-1.25) 23(1.12-1.35) 1.37(1.20-1.57)
Post-ER + P 1(Reference) 03(1.01-1.04) 1.06(1.03-1.09) 1.10(1.05-1.15) 1.14(1.08-1.22) 1.23(1.15-1.32)
Pre-Europe 1(Reference) 0.98(0.96-1.00) 0.95(0.92-0.99) 0.91(0.86-0.96) 0.87(0.81-0.93) 0.76(0.67-0.86)
Pre-Asia 1(Reference) 00(0.97-1.04) 1.02(0.96-1.08) 1.07(0.99-1.16) 1.16(1.05-1.27) 1.48(1.20-1.83)

The dose 21.5 kg/m? is the reference group

2 indicates hormone replacement therapy, ®

indicates estrogen receptor positive status
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women BMI was significantly positively associated with
ER+ breast cancer, but not ER— breast cancers, it was con-
sistent with our study.

The mechanism of the association between obesity
and breast cancer remains unclear. Currently it is
thought that adipose tissue of obese women produces
excessive estrogen hormone, which in turn stimulates
more estrogen-sensitive breast tissues that may already
have a propensity for hyper-stimulation, ultimately pro-
moting the formation and development of tumors [46].
In premenopausal women, estrogen is mainly derived
from the ovaries, while after menopause, most circulat-
ing estrogen is derived from the conversion of adrenal
androgens by means of adipose aromatase [47, 48].
Therefore, women with higher amounts of body fat tend
to have higher levels of circulating estrogen. Moreover,
studies have found a stronger relationship between obes-
ity and estrogen receptor (ER) positive breast cancers
than between obesity and ER-negative cancers [42, 44].
Interestingly, a history of using hormone therapy attenu-
ates the relationship between obesity and breast cancer
risk among postmenopausal women [3, 4]. These find-
ings provide further evidence for the estrogen availability
theory among postmenopausal women, and our analysis
also confirmed this point. In addition, other hormonal
factors including insulin resistance, adipocytokines,
AMP-activated protein kinase and leptin, which are re-
lated to obesity, are also important factors for the forma-
tion and development of breast cancer [47, 49-51].

Though hormonal etiology may partially explain the
differential role of BMI in relation to breast cancer risk,
it is increasingly considered that premenopausal breast
cancer cases might have distinct etiologies from post-
menopausal breast cancer cases. A recent study [52]
showed that obesity has divergent impacts on risk of ag-
gressive subtypes of breast cancer in premenopausal ver-
sus postmenopausal women, and that some non-
hormonal pathways may also mediate the association be-
tween obesity and TN breast cancers among premeno-
pausal women. Obesity-related factors such as
inflammation, elevated levels of insulin and insulin-like
growth factors, or other carcinogens may play different
roles on postmenopausal and premenopausal breast can-
cer risk.

The heterogeneity observed in this meta-analysis
remained after stratification by a previous history of
HRT use or not, and the positive association only existed
in postmenopausal women who never used HRT. The
results showed that HRT may be a factor influencing the
relationship between BMI and postmenopausal breast
cancer, and it is similar to the WCRF 2017 report. One
study reported that the relationship between HRT and
breast cancer risk was related to race, BMI and breast
density among postmenopausal women [53]. Compared
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with HRT non-users, HRT users were at increased risk
of breast cancer; however, there was no statistical correl-
ation between HRT and breast cancer when the women
were obese. Considering the above results, it is likely
that BMI and a history of HRT use may interact to affect
the incidence of breast cancer.

When stratified by geographical location among post-
menopausal women, a significant non-linear dose-
response relationship between BMI and breast cancer
risk existed in American and Asian women, but not
among European women. These results were inconsist-
ent with the previous report conducted by Xia Xiaoping,
et al. [54] Xia showed that significant non-linear dose-
response association of BMI and BC risk was identified
in White women, while in an Asian subgroup, no signifi-
cant association was observed. This may be because the
studies included in our study were divided into America,
Europe and Asia, whereas in their study ethnicity was di-
vided into White and Asian and did not take into ac-
count Black or African Americans, which make up a
significant proportion of the US population. In our
study, the breast cancer risk in Asia was considerably
higher than in America, this may be because Asian
people are more likely to have higher body fat with less
lean mass and skeletal muscle [55], which may increase
breast cancer risk. In China, changes in reproductive
patterns (such as family planning, less breastfeeding, or
older age at first full-term pregnancy) are affecting the
concentrations of sex hormones, and coupled with chan-
ging lifestyle and dietary factors may be related to an in-
creasing risk of breast cancer [56]. For Europe, a larger
heterogeneity (I =71%) between studies remained, and
the relationship between BMI and BC risk was not sta-
tistically significant. In WCRF 2017 report, dose-
response meta-analyses for postmenopausal breast can-
cer by geographical location showed a statistically sig-
nificant increased risk in North American and European
studies, and a stronger association in Asian studies. The
AICR&WCRF 2017 report includes 19 cohort and case-
control studies of Europe (P =75%), while 9 cohort
studies of Europe (I* =71%) were included in this study.
Potential confounding factors such as the difference in
fat distribution, life styles or a possible interaction effect
might be the source of the high heterogeneity. It necessi-
tates further studies in order to provide more insights
into such effects among European women.

For premenopausal women, the AICR&WCREF report
summarized the epidemiologic evidence available up to
2017 and concluded that there is a substantial dose re-
sponse relationship for the inverse association between
BMI and risk of breast cancer among premenopausal
women. However, the non-significant association of BMI
with risk of premenopausal breast cancer observed in
this study is not consistent with the WCRF report. This
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may be because the studies included in this study differed
from those included in AICR&WCRF 2017 report. The
studies included in this article were all cohort studies
which were more convincing, however, the number of
studies included in AICR&WCRF 2017 report were more
than this study, and more recent studies may be included.
Therefore, the sample source and size, different fat distri-
bution, follow-up year, race, ER status, HRT use or other
confounders are possibly the reasons of differences.

A lack of data prohibited many subgroup analyses from
being carried out. However, stratification by geographical
location demonstrated an inverse significant association
between BMI and breast cancer among European premen-
opausal women but not among Asian and American pre-
menopausal women. This conclusion is consistent with
the AICR&WCRF 2017 report when stratified by geo-
graphical location. When compared to women with a nor-
mal BMI (normal BMI was set as 21.5), women with a
higher BMI were at a decreased risk of breast cancer risk
by 2.3%. In Asian women, the results showed a positive
non-linear relationship between BMI and breast cancer
when BMI was above 25 kg/m” In American premeno-
pausal women, there was no association between BMI and
breast cancer. These results are comparable to those ob-
served in a systematic review by Amadou et al. [57], which
explored the relationship between overweight, obesity and
premenopausal breast cancer according to ethnicity. How-
ever, the results in this review are not completely consist-
ent with our findings in premenopausal women, a
significant inverse association remained among Africans
and Caucasians after stratification, while a significant posi-
tive association was detected among Asian women. This is
possibly due to the inclusion of 19 case control studies
and 11 cohort studies, while all 18 studies within our
meta-analysis were cohort. The similarities were the re-
sults of Europeans in our analysis and the Caucasians in
the study by Amadou et al. [57], in addition, Asian women
in our study showed a positive correlation when BMI was
above 25 kg/m? which was similar to the report of Ama-
dou et al. These results suggest that ethnicity or geograph-
ical location may be a factor influencing the relationship
between BMI and breast cancer risk, but this conclusion
is speculative. In this meta-analysis, breast cancer risk
could be influenced by overweight or obesity according to
different geographical locations, irrespective of meno-
pausal status. The difference may be related to different
genetic susceptibility among different ethnic groups, as
demonstrated for breast cancer susceptibility genes
(BRCA1 or BRCA?2) mutations previously [58].

BMI, adult weight gain, body weight and fat distribu-
tion may play a role in the prognosis of breast cancer
separately or together in combination. IARC working
group [59, 60] reported that higher weight gain was as-
sociated with decreased risk for premenopausal women
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and increased risk for postmenopausal, and the WCRF
also reported that adult weight gain is a probable cause of
postmenopausal breast cancer. Weight gain is a widely
used index of obesity in adult, and a dynamic measure un-
like static measures such as BMI [61], therefore, it may be
better to combine BMI and adult weight gain to explore
the relationship between obesity and breast cancer.

The studies included in this meta-analysis were all co-
hort studies, with large sample sizes, and adequate sub-
group analyses. Moreover, the confirmation of the breast
cancer cases was done by diagnosis, hospital medical rec-
ord or linkage data. Thus, the results were persuasive, and
were less likely to suffer from recall bias and selection
bias. However, some limitations also exist for this meta-
analysis; the measurement of BMI was determined mostly
by questionnaire investigation or self-reported, and people
tended to report their weight lower and height higher than
reality. The adjustments factors of each study were not
the same, thus the RRs we extracted from the studies were
possibly affected by potential confounders even after
selecting the adjusted RRs. In addition, the categorization
of BMI in a number of articles included in this study was
not in accordance with the WHO standard, thus misclas-
sifications may be caused when we conduct the highest
versus the lowest BMI meta-analysis.

Conclusion

In conclusion, BMI had different effects on premenopausal
and postmenopausal breast cancer risks. In postmenopausal
women, breast cancer risk increased along with increasing
BML. In premenopausal women, there was no signification
between BMI and breast cancer. This is inconsistent with
the 2017 report of AICR&WCRF which showed higher
BMI is defined as probably decreasing breast cancer risk.
However, most conclusions stratified by various factors in
this study are consistent with AICR&WCRF.

Subgroup analyses suggested that the geographical lo-
cation or genetic factors may influence the relationship
between BMI and breast cancer. Further research is
needed to provide more continuous updating insights.
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