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The role of Body Mass Index (BMI) for Breast Cancer (BC) remains to be great interest for a long time.
However, the precise effect of nonlinear dose-response for BMI and BC risk is still unclear. We conducted a
dose-response meta-analysis to quantitatively assess the effect of BMI on BC risk. Twelve prospective studies
with 4,699 cases identified among 426,199 participants and 25 studies of 22,809 cases identified among
1,155,110 participants in premenopausal and postmenopausal groups, respectively, were included in this
meta-analysis. Significant non-linear dose-response (P , 0.001) association was identified between BMI
and BC risk in postmenopausal women. Individuals with BMI of 25, 30, and 35 kg/m2 yielded relative risks
(RRs) of 1.02 [95% confidence interval (CI): 0.98–1.06], 1.12 (95% CI: 1.01–1.24), and 1.26 (95% CI: 1.07–
1.50), respectively, when compared to the mean level of the normal BMI range. However, inverse result
though not significant was observed in premenopausal women. In conclusion, the results of this
meta-analysis highlighted that obesity contributed to increased BC risk in a nonlinear dose-response
manner in postmenopausal women, and it is important to realize that body weight control may be a crucial
process to reduce BC susceptibility.

D
ue to the high prevalence, obesity has been one of major public health burdens in the world. It is estimated
that 10–20% men and 15–25% women in Europe are obese1, while 32.2% adult men and 35.5% adult
women in United States2. In China, as a developing country with a large population, the total number of

overweight and obese people is already close to one quarter of all population3. Epidemiological studies indicated
that obesity may contribute to the increased incidence of various human cancers4, among which breast cancer
(BC) is the most common and leading cause of cancer death among female in the world5. With increasing trend of
obesity epidemic, much more attention should be paid on this public health problem and new intervention
approaches should be proposed.

Current several epidemiological evidences suggested that higher body mass index (BMI) was positively assoc-
iated with increased BC risk in postmenopausal women6–8 but inversely reduced BC risk in premenopausal
women9,10. However, even restricted in same menopausal status population, conflicting results were obtained
among different studies6,11. Though obesity was considered as a risk factor for BC by the International Agency for
Research on Cancer (IRAC)12, meta-analysis is still the best way to integrate the all available data to better
interpret the relationship pattern of obesity and BC risk. A meta-analysis conducted by Ursin G, et al13 identified
that high BMI was inversely associated with BC risk in premenopausal women. In addition, another meta-analysis
conducted by Suzuki, et al14 suggested that the relationship between body weight and risk of BC may vary based on
the menopausal status or estrogen receptor (ER) and progesterone receptor (PR) status. However, to the best of
our knowledge, those previous reported meta-analyses just considered the linear relationship between BMI and
BC risk or just compared the highest BMI versus the reference category to evaluate the association of BMI and BC
risk which did not take into account of the inconstant change of the BC risk per unit change of the BMI. Therefore,
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we conducted this nonlinear dose-response meta-analysis of pro-
spective studies to quantitatively and precisely evaluate the relevance
of BMI and BC risk in different menopausal status of participants.

Results
Studies characteristics. A total of 12 articles9–11,15–23 containing 12
studies of 4,699 cases identified among 426,199 women in
premenopausal group and 20 articles6,8,10,11,15–17,19–21,23–32 containing
25 studies of 22,809 cases identified among 1,155,110 women in
postmenopausal group were finally included in the meta-analysis.
The duration of follow-up ranged from 2.14 to 24.1 years. Among
these studies (Table 1), 24 studies were conducted in white
population, 5 in Asian, 2 in black and 6 in mixed population. All
studies were published in English except one published in Chinese.

Overall dose-response association between BMI and BC risk. The
random-effects model was applied due to significant heterogeneity
(P ,0.001) was observed between studies in postmenopausal group.
We found a significant nonlinear dose-response association (P
,0.001, Figure 1) between BMI and BC risk with an increasing
trend of RRs with per 1 kg/m2 increase in BMI. When compared
with reference (mean level of the normal BMI range, BMI521.75),
the pooled RRs for BC risk were 1.02 (95% CI: 0.98–1.06) for BMI at
25 kg/m2, 1.12 (95% CI: 1.01–1.24) for BMI at 30 kg/m2, and 1.26
(95% CI: 1.07–1.50) for BMI at 35 kg/m2 (Table S1). The Egger’s
regression test showed no evidence of publication bias with the P
value of 0.236 (Figure S2).

In premenopausal women, the random model was applied as sig-
nificant heterogeneity (P 50.061) was identified. And we did not find
evidence of non-linear relationship of BMI and premenopausal BC
risk (P 50.608). Additionally, no significant association was found
between BMI and BC risk in premenopausal women when we mod-
eled the linear relation of BMI and BC risk (RR50.989, 95%
CI50.977–1.002 for every 5 kg/m2 increase in BMI).

Stratified analyses in postmenopausal group. We performed stra-
tified analyses according to ethnicity and follow-up year to explore
the possible source of between-study heterogeneity in postmeno-
pausal women. When stratified by ethnicity, 3 studies and 20
studies were included in Asian and European subgroups, respect-
ively. The between-study heterogeneity was still existed in both
groups (P ,0.001 for Asian and P 50.027 for European group).
Furthermore, significant nonlinear dose-response relationship of
BMI and BC risk was observed in European (P for nonlinear ,
0.001, Figure S3). However, in Asian subgroup, no significant
nonlinear association of BMI and BC was presented. The stratified
analysis was not performed in Black subgroup due to only one study
was included in this meta-analysis.

When stratified by follow-up year, 15 studies and 17 studies were
included in ,10 subgroup and §

2
10 subgroup, respectively. The

between-study heterogeneities were still remained in both sub-
groups (P 50.020 for ,10 subgroup and P 50.001 for §

2
10

subgroup). Significant nonlinear dose-response association was
identified in ,10 subgroup but was not find in §

2
10 subgroup

(data not shown).

Sensitivity analysis. Similar results were presented in postmeno-
pausal and premenopausal women before and after elimination of
each study in the meta-analyses. These indicated that our results were
stable.

Discussion
The meta-analysis of 25 prospective studies with 22,809 cases iden-
tified among 1,155,110 participants indicated a significant non-
linear dose-response (P ,0.001) association between BMI and BC
risk in postmenopausal females. However, in the meta-analysis of 12

studies with 4,699 cases identified among 426,199 premenopausal
women, we found inverse association of increasing BMI on BC
development but with no significance. In postmenopausal women,
the association was significantly identified among the subjects with a
BMI more than 29. It suggested that the risk to develop BC was
increased in women with obesity when compared to women in
normal.

Although the mechanisms of the heterogeneous association of
BMI and BC risk in different menopausal status women are still
poorly understood, it is believed that the endogenous estrogen may
be involved in the diverse attribution of BMI on BC risk in different
menopausal status women33. In premenopausal women, it was
reported that there were more frequent anovulatory cycles in obese34

which possibly protect against BC risk; and the clearance of free
estrogen in liver was faster in obese than in lean women35. All of
these may finally lead to lower levels of both progesterone and estro-
gen. In contrast, among postmenopausal women, the excess of adip-
ose tissue may elevate the production of endogenous estrogen
through the increased activity of enzymes aromatase and 17b-
hydroxysteroid dehydrogenase (17b-HSD). In parallel, the decrease
of sex-hormone-binding globulin (SHBG) caused by obesity along
with the effect of increased formation of oestrone and testosterone
may finally promote cellular proliferation and inhibit apoptosis in
breast33. No significant association between BMI and BC risk in
premenopausal women in our study was consistent with Cheraghi
E et al.36 identified. However, it was different from the studies con-
ducted by Renehan, et al.4 and Amadou A et al.37 reported that BMI
was significantly associated with decreased BC risk in premenopau-
sal women. These may be due to different methods applied in differ-
ent meta-analyses. Those previous meta-analyses considered the
linear association of BMI and BC risk and did not take into account
the inconstant change of BC risk per unit change of BMI. In our
study, we first tested the nonlinearity of the association between BMI
and BC risk and then identified that BMI was associated with BC risk
in a manner of non-linear dose-response in postmenopausal women.
For all we know, this was the first report about the non-linear asso-
ciation of BMI and BC risk in postmenopausal women.

Subgroup analyses stratified by ethnicity and follow-up year were
performed to explore the possible reasons of heterogeneity in post-
menopausal group. However, the between-study heterogeneity was
still remained when stratified by ethnicity or follow-up year.
Significant non-linear dose-response association of BMI and BC risk
was identified in White women. But in Asian subgroup, no signifi-
cant association was observed. This may due to only three studies
were included. The heterogeneous association of BMI and BC risk in
different ethnicity may partly due to different genetic background. In
addition, the difference in fat distribution, life styles and other BC
risk factors in different ethnicities may also modify the association of
BMI and BC risk. As for the follow-up, significant non-linear dose-
response association between BC risk and BMI was identified in ,10
years subgroup. However, no significant association was observed in
§
2

10 years subgroup. This may be possibly owing to more com-
plex confounders introduced into the longer follow-up studies.

Despite the clear strength of the current study due to comprehens-
ive analysis strategy, several limitations also should be acknowledged.
Obesity could affect BC risk through impacting circulating endogen-
ous estrogen levels. However, we did not assess the modifiable effect
of ER and PR status or hormone replacement therapy on BC risk due
to the insufficient data available in this meta-analysis. Additionally,
the methods used in our study restricted the number of studies
included. Furthermore, the definition of menopausal status varied
between different cohorts may lead to misclassification bias.
Moreover, it is considered that BMI may not be the valid indicator
for some people to assess the adiposity. Such as for elderly, the waist-
to-hip ratio or waist circumference may be more suitable to predict
risk of disease38 since the shift of fat from peripheral to central
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abdominal sites with an accompanying increase in waist-to-hip ratio
was discerned in older people39. In addition, the recent advance in
genetic studies had identified many genes and variants were assoc-
iated with BMI level or BC risk40–42, and whether there were interac-
tions between genes and BMI should be further investigated.

In conclusion, the quantitative summary of the accumulated pro-
spective evidence suggest that obesity may act as a risk factor for BC
incidence in the manner of non-linear dose-response in postmeno-
pausal women. Although the mechanism of obesity contributes to
BC risk is still unclear; it is important to realize that body weight
control should be considered as one of the most effective methods to
reduce the BC susceptibility.

Methods
Selection of studies. A systematic literature research updated to 30 June 2014 was
performed in the PubMed, ISI Web of Science with the language restriction in English
and Chinese using the combination of the following on each term: ‘‘breast cancer’’
and ‘‘body mass index, overweight, or obesity’’ to identify eligible studies. In addition,
all references listed in the retrieved articles and reviews were also scanned to further
identify possible relevant publications.

Studies were eligible for inclusion in the meta-analysis if they satisfied the following
criteria: (a) prospective studies evaluated the association between BMI and BC
incidence; (b) study population was restricted in female humans; (c) the participants
were categorized according to the menopausal status; (d) the exposure of interest was
BMI with 3 or more quantitative categories; (e) the studies provide the RRs with 95%
CIs and the number of cases and person - years for each BMI categories. When
multiple studies had the same or overlapping study populations, only the studies
contained the largest sample size or mostly completed were finally included.

As shown in Figure S1, the systematic literature research identified 5073 records, of
which 5007 articles were excluded after review the abstracts or roughly scanning the
full texts. Among these articles, 15 articles reported overlapping samples and 5 articles
together with another 15 articles lacked BMI level-specific RRs and cases or person-
years of each BMI categories were further excluded. Moreover, 9 articles were
removed due to the unclear menopausal status of the participants.

Data extraction. The following information was extracted from each of the eligible
publications: the name of the first author, publication year, the country in which the
study was conducted, the ethnicity of the major participants, years of follow-up and
person-years, the number of total BC cases (BC patients identified in the cohort) and
the sample size of cohort (sample size of the study), menopausal status
(premenopausal-, postmenopausal-), the categories of BMI and RR with 95% CI for
each category, the number of case and sample size of each BMI category, the
covariates adjusted for in the multivariable analysis. In addition, the ER and PR status
of cases which were expected to be extracted were not collected due to the
unavailability of the information from each included study. We extracted the RRs
with 95% CI that reflected the greatest degree of adjustment for potentially

confounding variables. The adjusted RRs were included in the meta-analysis if the
studies provided the crude RRs and adjusted RRs. Furthermore, if the results were
reported for 2 or more multivariable models, we extracted the RRs that reflected the
maximal adjustment for possible confounders. If data was reported separately by age
category, study center or HRT use in one publication, they were considered as
different studies8,23,25.

The midpoint of the upper and lower boundaries of each category was assigned as
the mean BMI to each corresponding RRs of every study. If the upper boundary for
the highest category (such as §

2
30) and the lower boundary for the lowest category

(such as ,18.5) were not provided in the articles, we assumed that the boundary
had the same amplitude as the adjacent category43.

Statistical analysis. The dose-response meta-analysis was performed to evaluate a
potential non-linear relationship between BMI levels and BC risk. We first applied
restricted cubic splines with three knots in settled percentiles (10%, 50%, and 90%) of
the distribution to model the possible association44. Cubic splines are defined as
piecewise-polynomial line segment which was used to present the nonlinearity
association of response variable and covariate. And the boundaries of these segments
are called knots. Then, the GLST command with the generalized least-squares
regression, which required the cases, person-years and mean level of BMI in each
category, as well as the BMI level-specific RRs with variance estimated for at least
three quantitative categories of each article45 was used to carry out the dose-response
meta-analysis. Testing the null hypothesis that the coefficient of the second spline was
equivalent to zero was used to evaluate the nonlinearity association between BMI and
BC risk46,47. Then, the procedure described by Orsini and Greenland was finally used
to estimate the pooled RRs for specific exposure values (per 1 kg/m2 increase from
BMI at 18 to 38 kg/m2) when compared to the reference (mean level of the normal
BMI range)48. Since the normal BMI of 18.5 - 25 was recommended to maintain a
healthy condition by IRAC12, we selected the mean level of normal BMI as the
reference.

Heterogeneity among studies was assessed by the Q statistic test and was consid-
ered significant when P , 0.149. The fixed-effects model was applied when the het-
erogeneity was negligible; otherwise, the DerSimonian and Laird random-effects
model50 was used in the meta-analysis. The meta-analysis was performed separately
in different menopausal status patients. Besides, stratified analysis of ethnicity (Asian,
white, or black) and years of follow-up (§

2
10 or , 10) were separately conducted.

Publication bias was evaluated by the Egger’s regression test51. Additionally,
sensitivity analysis was performed to assess the stable of results by removing one
study each time. All statistical analyses were performed by Stata Software (ver-
sion 10.0) and P values of two-sided less than 0.05 were considered statistically
significant.
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