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Introduction: Breast cancer is the most common cancer in women worldwide. The associa-
tion between body mass index (BMI) and breast cancer risk has been paid more attention in
the past few years, but the findings are still controversial. To obtain a more reliable conclusion,
we performed a dose-response meta-analysis on 12 prospective cohort studies comprising
22,728,674 participants.

Methods: Linear and nonlinear trend analyses were conducted to explore the dose—response
relationship between BMI and breast cancer risk. The summary relative risk (SRR) and 95%
confidence intervals (Cls) were used to evaluate the cancer risk.

Results: The overall results showed a weak positive association between a 5-unit increase
in BMI and breast cancer risk, indicating that a 5 kg/m? increase in BMI corresponded to a
2% increase in breast cancer risk (SRR: 1.02, 95% CI: 1.01-1.04, p<0.001). Notably, further
subgroup meta-analysis found that higher BMI could be a protective factor of breast cancer
risk for premenopausal women (SRR: 0.98, 95% CI: 0.96-0.99, p<0.001). In addition, the
dose—response result demonstrated that there was a linear association between BMI and breast
=0.754).

Conclusion: In summary, this dose-response meta-analysis of prospective cohort studies

cancer risk (Pnonlincarily
showed that every 5 kg/m? increase in BMI corresponded to a 2% increase in breast cancer
risk in women. However, higher BMI could be a protective factor in breast cancer risk for
premenopausal women. Further studies are necessary to verify these findings and elucidate the
pathogenic mechanisms.
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Introduction

Breast cancer is the most common cancer in women worldwide.! The incidence of
breast cancer could be influenced by complex factors such as environmental, genetic,
and lifestyle factors.? Since breast cancer accounts for the largest proportion of cancer
in women globally, research on the possible associated risk factors of breast cancer
is necessary.

For both overweight and obese people, excess body weight is generally recognized
as a significant risk factor for many common cancers.’ Body mass index (BMI),
defined as body weight in kilograms divided by the square of height in meters, is one
of the most commonly used anthropometric measurements.* The association between
BMI and breast cancer risk has received much attention in the past few years, but the
findings have still been controversial.>"'® In addition, no study has yet examined the
exact dose—response relationship between BMI and breast cancer risk. Therefore, we
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aimed to quantify the risk of breast cancer associated with an
incremental increase in BMI by performing a dose—response
meta-analysis of prospective cohort studies.

Methods
Search strategy

Two authors independently and systematically searched
PubMed, Web of Science, Chinese National Knowledge
Infrastructure (CNKI), and WanFang databases through April
1,2017. Research articles were selected using the following

LLINT3

terms: “body mass index”, “BMI”, “obesity”, “overweight”,
“breast cancer”, or “breast carcinoma”. The search was
focused on human studies, without any other restriction. We
also used the “Related Articles” option in PubMed to identify
additional studies of the same topic. The reference lists of

the retrieved articles were also screened.

Selection criteria

We included studies that met the following criteria: 1) an
original article; 2) a prospective cohort study; 3) determining
BMI at baseline and then recording the incidence of breast
cancer during follow-up; 4) risk estimate as hazard ratio (HR),
relative risk (RR), or odds ratio (OR) with corresponding 95%
confidence intervals (CIs) for more than three categories of
BMI or providing sufficient data to estimate them; and 5) RR
and corresponding 95% CI with adjustment for age. If the
studies were reported from the same or overlapping cohorts,
only the most recent and informative one was included.
Discrepancies between two investigators were solved by
discussion.

Data extraction

Two investigators independently extracted data, which
were cross-checked by another investigator. We extracted
the following items from each article: first author, year of
publication, geographic location, follow-up duration, mean
age, number of cases, sample size, assessment of BMI, and
menopausal status. If one study reported several risk esti-
mates, we used the one from the main multivariable model
that included more adjusted confounders. If the study did
not provide total person-years or total participants for each
group, we estimated them using the method carried out by
Aune et al.* In addition, the quality of the included studies
was assessed by the Newcastle—Ottawa scale.

Statistical analysis
Summary RRs and 95% CIs for a 5-unit increment in BMI
were estimated using a random-effects model.!” The average

of the natural logarithm of the RRs was estimated, and the
RR from each study was weighted by the inverse of its vari-
ance. A two-tailed p-value <0.1 was considered statistically
significant. Heterogeneity among studies was assessed using
the Q or P statistics, which tested total variation across studies
that was attributable to heterogeneity rather than chance.'
A dose-response analysis was conducted based on the
category data of BMI, number of cases, person-years, and
logarithm of RRs and its corresponding standard error. The
eligible studies should provide sufficient information across
at least three categories of exposure. Among the studies, we
assigned a median BMI for each category. For the open-ended
upper category, the amplitude was assumed to be the same as the
previous one. We transformed category-specific risk estimates
into estimates of the RR associated with every 5 kg/m? increase
in BMI by using the method of generalized least-squares for
trend estimates.!® The potential linear dose—response relation-
ship between BMI and breast cancer risk was examined using a
two-stage hierarchical regression model.*” Data were modeled
with random-effects restricted cubic spline models with four
knots. The Greenland and Longnecker method was used to esti-
mate the covariances of multivariable-adjusted relative risks.!
Sources of heterogeneity were explored by subgroup analy-
ses based on menopausal status, assessment of BMI, geographic
location, follow-up duration, and sample size. Sensitivity analy-
ses were conducted to clarify whether the results were affected
by one single study by repeating the meta-analysis after omitting
one study at a time. We inspected the asymmetry of the funnel
plot with Egger’s test for publication bias. All statistical analyses
were performed with Stata statistical software, version 12.0.

Results

Study selection and characteristics
A flow chart of our selection process is shown in Figure 1.
Initially, 324 articles were identified via the database search.
Of these, 38 articles were excluded for duplication. After
reading the titles and abstracts of all the articles, 260 articles
were excluded. Furthermore, after searching through the full-
texts of the remaining articles, an additional 14 articles were
excluded, including eight articles that contained no useful
data and six articles that had re-reported data. Finally, a total
of 12 articles (involving 19,480 cases) with a sample size of
22,728,674 participants were included in our meta-analysis.
The main characteristics of the included studies are
shown in Table 1. All studies were published from 2004 to
2014, with the mean duration of follow-up varying from
4.29 to 10.8 years. The sample size ranged from 15,054 to
1,222,630. Among the included studies, four were conducted
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Records identified through PubMed,
Embase, Web of Science, CNKI, and
WanFang databases up to April 1, 2017
(n=324)

Records after duplicates removed

12 articles included in meta-analysis
(n=12)

Figure | Flow chart of included studies for the meta-analysis.
Abbreviation: CNKI, China National Knowledge Infrastructure.

in Europe,'*121316 two in America,>'* five in Asia,**!! and one
in Austria.'’ Of the 14 studies, BMI was either self-reported
or measured by investigators. The patient menopausal status
of all included studies was premenopausal, postmenopausal,
or mixed. In all, 12 articles were published in English and
two were in Chinese.*!! The Newcastle—Ottawa scale was
applied to assess the quality of the included studies, and the
results showed all the studies were of high quality, with a
Newcastle—Ottawa scale score of >7.2

Overall analyses
As shown in Figure 2, the overall meta-analysis in the
random-effects model showed a weak positive association

(n=286)
o | Records excluded by screening
o of title and abstract
(n=260)
v
Full-text articles assessed for eligibility
(n=26)
Full-text articles excluded (n=14)
> Excluded for no useful data (n=8)
Excluded for re-reporting data (n=6)
v

between a 5-unit BMI increase and breast cancer risk, indi-
cating that a 5 kg/m? increase in BMI corresponded to a 2%
increase in breast cancer risk (summary relative risk [SRR]:
1.02, 95% CI: 1.01-1.04, p=0.00). There was evidence of
heterogeneity among all studies (?=74.2%, phe‘emgenmy=0.00).
There was also no evidence of publication bias with Egger’s
test (p=0.74), and the funnel plot showed no sign of asym-
metry by visual inspection. In sensitivity analyses excluding
one study at a time, the SRR in the overall analysis ranged
from 1.02 (95% CI: 1.00-1.05) when the study by Reeves
et al'® was excluded to 1.03 (95% CI: 1.02-1.03) when the
study by Palmer et al'* was excluded, which indicated that
our results are statistically robust.
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Table | Characteristics of prospective cohort studies included in the meta-analysis

Author Year Area Follow-up period Meanage Cases Sample Assessmentof Menopausal status NOS
(years) (years) size weight/height
Lahmann 2004  Europe 1999-2002 (4.7) 45 1,879 176,886 Measured Premenopausal 8
etal' Postmenopausal
Kuriyama 2005  Japan 1984-1992 (9.0) 56.7 668 15,054 Self-reported Premenopausal 7
etal’ Postmenopausal
Feigelson etal®* 2004  America 1992-2001 (8.0) 62.7 1,934 62,756 Self-reported Postmenopausal 9
Lukanova 2006  Sweden 19852003 (8.3) 46.1 514 35,362 Measured Mixed 9
etal?
Rapp et al'® 2005  Austria 1985-2001 (10.18)  42.48 1,045 78,484 Measured Mixed 9
Lietal" 2006  China 1997-2004 (5.66) 52.86 432 73,461 Self-reported Premenopausal 7
Postmenopausal
Mellemkjaer 2006  Denmark 1993-2002 (6.7) 57 633 23,788 Measured Postmenopausal 8
etal’
Palmer et al' 2007  America 1995-2005 (10) 51 1,062 59,000 Self-reported Premenopausal 9
Postmenopausal
Iwasaki et al’ 2007  Japan 1990-2002 (9.9) 51.9 44| 55,537 Self-reported Premenopausal 8
Postmenopausal
Reeves etal'® 2007 UK 1996-2001 (5.4) 55.9 6,808 1,222,630  Self-reported Premenopausal 7
Postmenopausal
Jee et al® 2008  Korea 1992-2002 (10.8) 494 3,973 443,273 Measured Mixed 8
Guo et al® 2014  China 20062011 (4.29) 47.37 91 26,643 Measured Mixed 7
Abbreviation: NOS, Newcastle-Ottawa scale.
Study
%
ID BMI, per five units RR (95% CI) Weight
Lahmann et al'® (2004) 1.02 (0.99-1.05) 10.02
Kuriyama et al® (2005) 1.07 (0.99-1.15) 3.50
Feigelson et al® (2004) 1.06 (1.03-1.10) 10.06
Lukanova et al'? (2006) 1.00 (0.96-1.04) 7.55
Rapp et al'® (2005) 100(0.98-1.02)  11.88
Li et al'! (2006) 1.04 (1.00-1.09) 7.21
Mellemkjaer et al'® (2006) 1.04 (0.99-1.09) 6.36
Palmer et al'* (2007) 0.97 (0.95-0.99) 11.39
Iwasaki et al” (2007) 1.08 (0.99-1.17) 3.09
Reeves et al'® (2007) 1.03 (1.02-1.03) 14.12
Jee et al® (2008) 1.03 (1.01-1.05) 11.43
Guo et al® (2014) 1.08 (1.00-1.17) 3.40
Overall (12=74.2%, p=0.000) 1.02 (1.01-1.04) 100.00

Figure 2 Meta-analysis of the association between BMI increment (per five units) and breast cancer risk.
Note: Weights are from random-effects analysis.
Abbreviations: BMI, body mass index; RR, relative risk; Cl, confidence interval.
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Subgroup analyses

As shown in Table 2, when studies were stratified by meno-
pausal status, assessment of BMI, geographic location,
follow-up duration, and sample size, the results were gener-
ally consistent with the overall result, except for premeno-
pausal studies (SRR: 0.98, 95% CI: 0.96-0.99, p=0.00). This
indicates that higher BMI could be a protective factor for
breast cancer risk in premenopausal women. There was no
evidence of either heterogeneity (1’=0%, pheterogeneity=0.62) or
publication bias (p for Egger’s test=0.85) in premenopausal
studies (Figure 3).

Dose—response analyses

As shown in Figure 4, there was evidence of a linear associa-
=0.754).
When stratified by menopausal status (Figure 5), the associa-

tion between BMI and breast cancer risk (9, . ..
tion between BMI and breast cancer risk remained linear for
=0.892

nonlinearity

premenopausal and postmenopausal women (p

and p =0.630, respectively).

nonlinearity

Discussion

It has been reported that BMI is associated with the risk of
many solid cancers. Excess body weight is known to corre-
late with cancers in certain populations, including colorectal
cancer, renal cancer, pancreatic cancer, and so on.”> However,
evidence for breast cancer is controversial. The study by Jee
et al® found that higher BMI could increase breast cancer risk

Table 2 Subgroup analyses of BMI and breast cancer

in the Korean population. Conversely, the study by Palmer
et al'* demonstrated that lower BMI was associated with
breast cancer risk. However, no studies have examined the
exact dose—response relationship between BMI and breast
cancer risk before. Unlike previous studies and recent evi-
dence, our meta-analysis aimed to explore the dose—response
relationship between BMI and breast cancer risk.

In this updated meta-analysis, 12 prospective cohort
studies comprising 22,728,674 participants were included
to explore the dose—response relationship between BMI and
breast cancer risk. Overall, the dose—response meta-analysis
across all the studies in the random-effects model showed
that there was a potential linear association between BMI
and breast cancer risk, and the risk increased by 2% for each
5 kg/m? increase in BMI. Notably, further subgroup meta-
analysis found that the relationship between BMI and breast
cancer risk differed based on menopausal status. For pre-
menopausal women, higher BMI could decrease breast cancer
risk. However, higher BMI is associated with increased breast
cancer risk in postmenopausal women.

The exact mechanism behind the association between
BMI and breast cancer risk is uncertain, but there are some
potential hypotheses. The positive association between BMI
and breast cancer risk in postmenopausal women was specu-
lated to result from the higher level of estrogen derived from
the aromatization of androstenedione within the larger fat
reserves of women of higher BMI.% The negative relationship

Analysis n RR (95% CI) P Heterogeneity
specification I (%) b,
All studies 12 1.02 (1.01-1.04) 0.00 74 0.00
Menopausal status

Premenopausal 6 0.98 (0.96-0.99) 0.00 0 0.62

Postmenopausal 8 1.04 (1.02-1.07) 0.00 71 0.00
Assessment of weight/height

Measured 6 1.02 (1.00-1.04) 0.04 40 0.14

Self-reported 6 1.03 (1.00-1.06) 0.04 85 0.00
Geographic location

Europe 4 1.03 (1.02-1.03) 0.00 0 0.44

America 1.02 (0.93-1.11) 0.73 96 0.00

Asia 5 1.04 (1.02-1.06) 0.00 0 0.56
Follow-up duration

<10 years 9 1.04 (1.02-1.05) 0.00 40 0.10

=10 years 3 1.00 (0.97-1.03) 0.98 85 0.00
Sample size

<50,000 4 1.04 (0.99-1.08) 0.06 42 0.16

50,000-100,000 5 1.02 (0.99-1.06) 0.23 87 0.00

>100,000 3 1.03 (1.02-1.03) 0.00 0 0.78

Abbreviations: BMI, body mass index; RR, relative risk; Cl, confidence interval; p,, p for heterogeneity.
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Study %
ID BMI, per five units RR (95% Cl) Weight
Premenopausal
Lahmann et al'® (2004) 0.97 (0.92-1.01)  8.15
Kuriyama et al® (2005) 0.97 (0.84-1.12)  1.98
Li et al' (2006) 1.01(0.95-1.07)  6.84
Palmer et al'* (2007) 0.97 (0.94-1.00)  9.70
lwasaki et al” (2007) 1.05(0.94-1.18)  3.06
Reeves et al'® (2007) 0.98 (0.96-1.00) 10.69
Subtotal (2=0.0%, p=0.623) 0.98 (0.96-0.99)  40.41
Postmenopausal
Lahmann et al'® (2004) 1.06 (1.02-1.10)  8.77
Kuriyama et al® (2005) 110 (1.01-1.20)  4.27
Feigelson et al® (2004) 1.06 (1.03-1.10) 9.81
Li et al" (2006) 1.09 (1.02-1.17)  5.79
Mellemkijaer et al'® (2006) 1.04 (0.99-1.09)  7.63
Palmer et al'* (2007) 0.97 (0.94-1.01)  9.17
Iwasaki et al” (2007) 1.11 (0.98-1.25) 2.76
Reeves et al'® (2007) 1.03(1.03-1.04)  11.40
Subtotal (/2=70.5%, p=0.001) 1.04 (1.02-1.07)  59.59
Overall (2=82.6%, p=0.000) 1.02 (1.00-1.04)  100.00

0.801 1

1.25

Figure 3 Subgroup analysis of the association between BMI increment (per five units) and breast cancer risk stratified by menopausal status.

Note: Weights are from random-effects analysis.
Abbreviations: BMI, body mass index; RR, relative risk; Cl, confidence interval.

between higher BMI and breast cancer risk in premenopausal
women probably came from a protective effect of increased
weight in the early premenopausal years, which is a predictor
of longer anovulatory cycles and a lower level of progester-
one and estrogen.” However, these hypotheses still need to
be verified by further studies of carcinogenic mechanisms
in the future.

Heterogeneity was detected in this meta-analysis in
overall analysis among different studies, and it was possibly
derived from many confounding factors such as menopausal
status, assessment of BMI, geographic location, and sample
size. To investigate the sources of the observed heterogeneity
among the studies, we conducted subgroup analyses stratified
by these confounding factors. The results of the subgroup

analyses were generally consistent with the overall results,
except for women of a different menopausal status, which
indicated that menopausal status could be the main source
of heterogeneity. In the premenopausal subgroup analysis,
=0.62)
verified our hypothesis as well. However, the heterogeneity

the heterogeneity analysis result (’=0%, p, . .
in the postmenopausal group could be caused by the pres-
ence of different ethnicities. Publication bias and sensitivity
analyses showed that our results were robust.

Our meta-analysis has some strengths. Because our meta-
analysis was based on prospective cohort studies, recall bias
and selection bias were not likely to affect the results in our
study. Prospective cohort studies could also avoid the reliance
on the use of proxy respondents, which have been shown to be
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Figure 4 Dose—response meta-analysis of BMI and breast cancer risk (linear and nonlinear models).

Abbreviations: BMI, body mass index; RR, relative risk.
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8.00 Linear model
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o
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BMI

Figure 5 Dose—response meta-analysis of BMI and breast cancer risk stratified by menopausal status (linear and nonlinear models).

Note: (A) Premenopausal women; (B) postmenopausal women.
Abbreviations: BMI, body mass index; RR, relative risk.

very common in case—control studies as a result of the poor
survival rates of malignant cancer.'” In addition, the included
studies in our meta-analysis had large sample sizes (19,480
cases, 22,728,674 participants) and relatively long follow-up
durations, so we had the statistical power to detect weak or
moderate associations. We also had the statistical power to
detect significant associations in different subgroups strati-
fied by menopausal status, assessment of BMI, geographic
location, and sample size. Notably, we examined the exact

dose-response relationship between BMI and breast cancer
risk for the first time to our knowledge in a meta-analysis.
Several limitations of this meta-analysis also should be
acknowledged. First, after observing heterogeneity across
studies, we determined the main source of heterogeneity by
subgroup analyses. Nevertheless, heterogeneity still existed
in the postmenopausal group, which could be explained
by some other factors. Second, although all the included
studies in our meta-analysis were prospective cohort stud-
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ies, differences among geographic location and follow-up
duration and end point may affect the estimate of the true
effects. Third, waist, hip, and lean muscle mass are very
related to BMI, and we wanted to analyze these factors.
However, we were unable to because of the unavailability
of relevant data in many studies. Fourth, half of the stud-
ies were based on self-reported weight and height; thus,
there might be some underreporting or overreporting.
Fortunately, a strong correlation between self-reported
and measured weight and height have been found in most
studies.?®?” In addition, the conclusion of our meta-analysis
was limited to Europe, America, and Asia and may not
necessarily be generalized to other regions such as Africa
and Latin America.

Summary

This dose—response meta-analysis of prospective cohort stud-
ies showed that every 5 kg/m? increase in BMI corresponded
to a 2% increase in breast cancer risk in women. However,
higher BMI could be a protective factor of breast cancer
risk for premenopausal women. Further studies are neces-
sary to verify these findings and elucidate the pathogenic
mechanisms.
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