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Abstract

Background Adiposity and weight change among patients with breast cancer are associated with mortality, but there is
limited evidence on the associations with distant recurrence or other causes of death or on central adiposity. Moreover, the
relationship with breast cancer subtypes and by menopause status is unclear.

Methods We conducted a systematic review and meta-analysis of prospective studies of breast cancer patients investigating
the associations of general and central adiposity (body mass index [BMI] and waist circumference [WC], respectively), before
and after diagnosis, and weight change, with all-cause mortality, breast cancer-specific mortality (BCSM), and recurrence.
Results 173 studies (519,544 patients, 60,249 deaths overall, and 25,751 breast cancer deaths) were included. For
BMI < 1 year post diagnosis, compared with normal weight women, the summary relative risk (RR) for obese women was
1.21 (1.15-1.27) for all-cause mortality, 1.22 (1.13-1.32) for BCSM, 1.12 (1.06-1.18) for recurrence, and 1.19 (1.11-1.28)
for distant recurrence. Obesity was associated with all-cause mortality and BCSM in patients with ER+ or HER2+ tumors,
whereas no clear association was observed in patients with triple-negative tumors. Similar associations were observed by
menopausal status. Stronger associations were observed in East Asians than Europeans. Central adiposity was associated
with all-cause mortality, while large weight gain was associated with all-cause mortality, BCSM, and recurrence.
Conclusion Higher adiposity is associated with all-cause mortality, BCSM, recurrence, and distant recurrence in breast
cancer patients, with similar associations by menopausal status and some evidence of heterogeneity by subtypes. Weight
gain is also associated with recurrence and survival among breast cancer patients.
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Introduction

Breast cancer has overtaken lung cancer as the most com-
monly diagnosed cancer worldwide [1]. There were 2.3 mil-
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lion cases of breast cancer and over 680,000 deaths among
females worldwide in 2020 [2]. Despite advances in treat-
ment in recent decades and earlier detection due to screen-
ing and improvements in prediction of breast cancer risk, a
substantial proportion of breast cancer patients have recur-
rence of their disease at distant sites and subsequently die of
their disease. The risks of distant metastasis and death after
treatment of operable early or locally advanced breast cancer
vary greatly by tumor subtype and patient characteristics [3].

Previous systematic reviews and meta-analyses have
shown that overweight and obesity before or shortly after
diagnosis [4, 5], as well as weight gain after diagnosis [5],
are associated with higher risks of breast cancer-specific
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mortality (BCSM), all-cause mortality, and recurrence. A
Mendelian randomization study showed that higher adipos-
ity was associated with lower survival in estrogen receptor
(ER)-positive but not in ER-negative breast cancer patients
[6]. Randomized controlled trials of weight loss interven-
tions have been conducted [7, 8], but no definitive evidence
yet exists on whether these improve survival or reduce recur-
rence risk [9].

Several potential mechanisms for the associations
between adiposity and breast cancer outcomes have been
proposed. In post-menopausal women, the synthesis of estro-
gens from androgens in adipose tissue is a primary source of
circulating estrogens, and overweight and obesity have been
shown to be associated with higher estrogen levels [10, 11].
Higher levels of insulin and interactions between cytokines,
hormones and markers of inflammation may contribute [12,
13]. Moreover, obesity may adversely impact outcomes due
to chemotherapy dose capping for obese patients to limit
toxicity, resulting in lower dose intensity. A recent meta-
analysis showed that among breast cancer patients who
received neoadjuvant chemotherapy, overweight and obese
patients had a lower pathological complete response (pCR)
rate compared to those with under- or normal weight [14].
Biological effects are plausible as an association of higher
levels of adiposity with risk of developing breast cancer in
the first place among post-menopausal women is well estab-
lished [15].

There is uncertainty on the extent to which the associa-
tions of various adiposity features with outcomes vary by
menopause status, tumor subtype or other patient or tumor
characteristics. We conducted a systematic review and meta-
analysis to assess the associations of adiposity or change in
adiposity near the time of diagnosis with survival and risk
of recurrence among patients with early or operable locally
advanced breast cancer, overall, and by tumor and patient
characteristics.

Materials and methods
Search strategy

A systematic literature search was conducted without lan-
guage restrictions for articles on adiposity, weight change,
and recurrence or survival in breast cancer patients in
EMBASE and PubMed from inception to 1 October 2020.
The search strategy is available in Supplementary Methods.
In addition, we searched the reference lists of original arti-
cles, reviews, and meta-analyses. Searches were re-run on
1 April 2021 to include additional studies published prior
to the final analysis. The protocol is registered at PROS-
PERO (CRD42020214730) and is available at https://www.
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crd.york.ac.uk/prospero/display_record.php?ID=CRD42
020214730.

Study selection and data extraction

Eligible studies were prospective cohort studies, randomized
controlled trials (RCTs), other non-randomized trials of
breast cancer patients, or case series with more than 50
patients, which reported estimates of the associations of adi-
posity assessed before and after breast cancer diagnosis or
changes in adiposity with breast cancer-specific or all-cause
mortality, recurrence, or metastasis, among adults with early
or operable locally advanced breast cancer who receive treat-
ment with curative intent. We excluded retrospective studies,
reviews, conference abstracts which did not report sufficient
data, and studies on patients with inoperable of metastatic
breast cancer (studies in which only a small proportion of
patients had metastatic breast cancer were initially included
and a sensitivity analysis excluding them was done). When
multiple publications on the same study population were
found, results based on longer follow-up and more cases
were selected for the meta-analysis.

The titles and abstracts identified by the search were
screened by one author (YP) in collaboration with two
librarians. Duplicates and articles which did not meet the
inclusion criteria were removed. The full texts of all studies
identified as being potentially eligible for inclusion were
then obtained and assessed by two review authors (YP and
YW), who independently screened and assessed their eli-
gibility for inclusion. Disagreements were addressed by
discussion between the two authors, with any remaining
differences resolved by recourse to a third review author
(CK). Study characteristics and results were extracted using
a data extraction form by two review authors (YP and YW)
(Supplementary Methods).

Comparisons and outcomes

For adiposity, studies that investigated general adiposity
(measured by BMI), central adiposity (waist circumference,
waist-to-hip ratio [WHRY]), or hip circumference, or weight
change were included. According to BMI assessment period,
studies were assigned to one of three groups: pre-diagnosis
(including at the time of diagnosis), < 1 year after diagnosis,
and 1 year or more after diagnosis.

In the majority of the included studies, the reference cat-
egory was normal weight or underweight/normal weight
according to the World Health Organization international
classification with slightly different cut-off points used in
some studies. The main analyses were conducted for under-
weight, overweight, obese, and morbidly obese compared
with normal weight or underweight/normal weight and for
obese compared with non-obese. The majority of studies
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separated overweight and obese, while some studies com-
bined overweight and obese. Estimates from studies with
underweight as the reference were converted such that they
could be included in the meta-analysis. Studies which com-
pared high vs low categories without specifying cut-off
points were excluded.

For central adiposity, the main analyses were conducted
comparing high vs low categories because studies used dif-
ferent cut-off points. In secondary analyses, centrally obese
vs non-obese were compared using standard cut-off points
(e.g., 80 cm for WC).

Weight change was calculated as the difference between
post-diagnosis weight and weight prior to or at diagnosis.
The reference category was weight maintenance (< +5%
change). Three comparisons were conducted: 1) moderate
weight gain (5-10%), 2) high weight gain (> 10%), and 3)
any weight gain (>5%). Some studies used slightly differ-
ent cut-off points for moderate (4-6%) and high weight gain
(8-12%).

Primary outcomes included all-cause mortality, BCSM,
recurrence, and distant metastasis. Secondary outcomes
included loco-regional recurrence, disease-free survival
(DFS), and recurrence-free survival (RFS). RFS was com-
bined with DFS because the majority of included studies
did not specify how invasive contralateral breast cancer and
secondary primary invasive cancer (non-breast) were han-
dled according to STEEP definitions [16].

Risk of bias

For randomized studies, we evaluated the risk of bias based
on the Cochrane Collaboration ‘Risk of bias’ tool (‘high
risk of bias’, ‘low risk of bias’, or ‘unclear’). For non-ran-
domized studies, we used a modified Newcastle-Ottawa
quality assessment scale, including eight items with nine
scores. All included studies were accessed by two authors
(YP and YW) independently. Publication bias was examined
by Egger’s test and visual inspection of the funnel plots.

Statistical analysis

We conducted meta-analyses using a random effects model.
The maximally adjusted RR estimates were used for the
meta-analysis except for estimates with additional adjust-
ment for BMI or central adiposity.

We also conducted linear dose-response meta-analyses
to examine the RR per 1 kg/m? higher BMI in relation to
overall mortality, using the method described by Green-
land and Longnecker (which allows for non-independ-
ence of relative risk estimates within each study) [17]. As
previous meta-analysis reported a J-shaped association
between BMI and all-cause mortality among breast cancer
patients, underweight was excluded from the dose—response

meta-analysis. We then pooled the estimated linear trends
using inverse-variance weighted fixed effects meta-analysis
along with previous studies reporting RR per unit increase.
Dose-response meta-analysis included studies reporting at
least 3 BMI categories. When the extreme BMI categories
were open-ended, the width of the adjacent close-ended cat-
egory was used to estimate the midpoints.

To assess heterogeneity, we used the /2 statistic and the
associated y” test for heterogeneity [18]. The cut points of
30% and 50% were used for low, moderate, and substantial
level of heterogeneity. Subgroup analyses were defined a
priori including menopausal status, hormone receptor sta-
tus, number of outcomes, length of follow-up, geographic
location, year of study entry, stage, and treatment. Sources
of heterogeneity were explored by meta-regression. Sensitiv-
ity analysis was performed to explore the variation between
studies by excluding studies based on study methodologi-
cal quality (high/low risk of bias). As 18 studies included
stage 4 patients, these studies were excluded in a sensitivity
analysis. All analyses were conducted in R version 4.0.2
using packages ‘meta’, ‘dosresmeta’, and ‘ckbplotr’ [19-21].

Results
Search results

A total of 437 potentially relevant articles were identified
on adiposity in relation to outcomes among breast cancer
patients, of which 255 articles were excluded (Fig. 1). Rea-
sons for exclusions were no original data (113 publications),
not reporting the associations of interest (63 publications),
review or commentary (22 publications), irrelevant study
design (13 publications), duplicate (26 publications), and
other reasons (18 publications). After these exclusions,
173 publications from 180 prospective studies with 60,249
deaths (25,751 from breast cancer) in 519,544 breast cancer
patients were included in the meta-analyses. No RCTs were
identified. Supplementary Table S1 shows the characteristics
of included studies.

Several types of studies were included: (1) studies of
breast cancer patients ascertained from prospective cohort
studies of women free of cancer at baseline; (2) follow-up
of breast cancer patients identified using hospital records or
from cancer registries; (3) follow-up of breast cancer patients
in case—control studies or RCTs. There were 163 publica-
tions on BMI, 15 publications on central adiposity [22-36],
and 17 publications on weight change [29, 34, 36-50]. Of
the 17 studies assessing weight change, 5 studies used post-
diagnosis weight minus weight 1-2 years prior to diagnosis
[29, 43, 45, 46, 49]; 6 studies used post-diagnosis weight
minus weight 1-2 years after diagnosis [34, 37, 40—42, 44],
1 study used weight 5.8 years after diagnosis [38], and 5
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8318 records identified in PubMed and
EMBASE until 1 Oct 2020

—»‘ 6668 records excluded based on titles and abstracts

A 4

1213 records excluded:
(1) No original data: 19

1669 full-text articles retrieved and
assessed for inclusion

(2) Did not report the associations of interest: 994
(3) Review and commentary: 135
(4) Irrelevant study design: 65

A 4

(5) Potentially relevant: 418

255 records excluded:

437 potentially relevant articles

(1) No original data: 113
(2) Did not report the associations of interest: 63

)

(3) Review and commentary: 22
(4) Irrelevant study design: 13
(5) Other reasons: 18

(6) Duplicate: 26

182 articles on adiposity, weight gain,

and prognosis of breast cancer

187 articles on adiposity, weight gain,

5 records identified from an updated literature search
on 1 Mar 2021

and prognosis of breast cancer

A 4

14 records excluded:
(1) Non-standardized measures (e.g. trajectories)
(2) Only reported body composition

A 4
173 articles included for analyses
(1) BMI: n=163
(2) Central adiposity: n=15
(3) Weight gain: n=17

Fig.1 Flow diagram. A flow diagram of studies included in the meta-analysis

studies did not report the exact time post diagnosis [36, 37,
39, 47, 48] (Supplementary Table S1). No studies were iden-
tified for male patients.

Mean/median age of breast cancer patients was between
36 and 73 years, and all studies included women. 3.2-67% of
patients were obese. The majority of studies (92%) included
both post-menopausal and pre-menopausal women, and
13 included either [38, 51-62]. Year of diagnosis ranged
between 1961 and 2016, with the majority conducted after
1990. Details of tumor characteristics and stage at diagnosis
were reported by 69% of included studies and varied across
studies. 18 studies included metastatic cases [31, 35, 36,
63-77] and 3 included carcinoma in situ [66, 78, 79].

The majority of studies were conducted in Europe or
North America (64%). There were 2 studies from Australia
[80, 811, 9 from Italy [22, 33, 70, 72, 82—-86], 8 from France
[26, 47, 87-92], 8 from Korea [44, 93-98], 6 from Japan
[99-104], 17 from Mainland China [25, 27, 29, 34, 35, 63,

@ Springer

105-114], 2 from Taiwan [115, 116], and 5 international
studies [45, 56, 117—-119]. The total number of breast cancer
patients ranged from 50 to 41,021, and the total number of
deaths from 7 to 4468. The median/mean follow-up ranged
from 1.2 to 10 years.

BMI

Table 1 and Supplementary Table S2 summarize the
results of the meta-analyses on BMI measured at each
time period and each outcome (all-cause mortality,
BCSM, recurrence, distant recurrence, DFS, and RFS).
Morbid obesity, obesity, overweight, and underweight
were associated with risk of all-cause mortality, BCSM,
recurrence, DFS and RFS events, while morbid obesity,
obesity and overweight were associated with distant
recurrence and lower RFS. The evidence was most reli-
able for BMI <1 year post diagnosis, a measure reported
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by the majority of studies. The evidence for BMI before
diagnosis and BMI >1 year post diagnosis was generally
consistent with that for BMI <1 year post diagnosis (Sup-
plementary Figs. S1-S3).

For BMI before diagnosis, compared with normal
weight women, the summary RRs of all-cause mortal-
ity were 1.28 (1.02—1.61) for underweight women, 1.07
(1.00-1.15) for overweight women, and 1.28 (1.19-1.37)
for obese women. The corresponding summary RRs of
BCSM were 0.94 (0.81-1.10), 1.06 (0.98-1.14), and 1.17
(1.08-1.27), and of recurrence were 1.10 (0.80-1.27), 1.10
(0.97-1.25), and 1.21 (0.98-1.50). There was low to mod-
erate between-studies heterogeneity (I*: 0-58%).

For BMI <1 year post diagnosis, compared with nor-
mal weight women, the summary RRs of all-cause mor-
tality were 1.32 (1.22-1.43) for underweight women,
1.13 (1.07-1.18) for overweight women, 1.21 (1.15-1.27)
for obese women, and 1.32 (1.03-1.67) for morbidly
obese women; the summary RRs of all-cause mortal-
ity comparing obese and non-obese women were 1.30
(1.12-1.51). The corresponding summary RRs of BCSM
for underweight, overweight, and obese women were
1.35(1.11-1.64), 1.12 (1.07-1.16), and 1.22 (1.13-1.32),
respectively, and of recurrence were 1.08 (0.94-1.24), 1.05
(0.98-1.13), and 1.12 (1.06—1.18), respectively. There was
moderate to high between-studies heterogeneity.

For BMI >1 year post diagnosis, compared with nor-
mal weight women, the summary RRs of all-cause mortal-
ity were 1.50 (1.13-1.99) for underweight women, 0.98
(0.90-1.06) for overweight women, 1.10 (0.99-1.21) for
obese women, and 1.11 (0.96-1.29) for morbidly obese
women. The corresponding summary RRs of BCSM were
1.39 (0.81-2.36), 1.07 (0.93-1.24), 1.49 (0.69-3.22) for
underweight, overweight, and obese women. There was
high between-studies heterogeneity for under vs normal
weight of total mortality (/> =74.7%) and obese vs normal

weight of BCSM (I2 =89.2%). For recurrence, there were
data from only one study.

Central adiposity

For central adiposity, previous studies used different meas-
urements and there was generally large between-study het-
erogeneity (Table 2). Central adiposity before diagnosis
and <1 year post diagnosis were combined because of the
general consistency observed for BMI by time of assess-
ment. Central adiposity was associated with all-cause mor-
tality, but there was limited evidence for BCSM.

For WC, the summary RR of all-cause mortality was
1.11 (0.88-1.40) comparing middle vs low categories and
was 1.47 (1.19-1.82) comparing high vs low categories;
the summary RR comparing obese vs non-obese was 1.76
(1.25-2.50) for all-cause mortality and was 1.92 (0.77-4.77)
for BCSM.

For WHR, the summary RR of total mortality was 1.07
(0.90-1.28) comparing middle vs low categories and was
1.32 (1.14-1.53) comparing high vs low categories; the cor-
responding summary RR of BCSM was 1.23 (0.89-1.68)
and 1.26 (0.84-1.88), respectively. For HC, the summary RR
of total mortality was 0.99 (0.75-1.31) comparing middle
vs low categories and was 1.30 (1.04-1.61) comparing high
vs low categories.

Weight change

Large weight gain was associated with all-cause mortal-
ity, BCSM, and recurrence (Table 3). For weight change,
compared with no change, the summary RR of all-cause
mortality was 1.05 (0.93-1.18) for moderate gain and was
1.28 (1.09-1.50) for large gain; the corresponding sum-
mary RR of recurrence was 1.17 (0.99-1.40) and 1.30
(1.10-1.54), respectively. For BCSM, the summary RR
was 1.08 (0.94-1.23) comparing moderate gain and no

Table 2 Meta-analyses of associations of central adiposity with each outcome

wC WHR HC

N  RR (95% CI) P (%) Pt N RR(95% CI) P (%) pwe N RR(95%CI) P (%) Pret
All-cause mortality
Middle vs low 4 1.11(0.88,1.40) 25.7 0.26 9  1.07(0.90,1.28) 57.1 0.02 2  0.99(0.75,1.31) 0 0.99
High vs low 9  1.47(1.19,1.82) 649 0.004 12 1.32(1.14,1.53) 499 0.02 2  1.30(1.04,1.61) 0 0.56
Obese vs non-obese 4 1.76 (1.25,2.50) 60.7 0.05 2 1.50(1.11,2.02) 0 074 0 -
BCSM
Middle vs low 2 1.11(0.79,1.56) 0 0.48 4 1.23(0.89,1.68) 532 009 1 1.14(0.77,1.68) — -
High vs low 1 1.53(097,242) - - 4 1.26(0.84,1.88) 674 0.03 1.50 (1.03,2.18) — -
Obese vs non-obese 2 1.92 (0.77,4.77) 84.5 0.01 0 - 0 -

WC waist circumference, WHR waist-to-hip ratio, HC hip circumference, BCSM breast cancer-specific mortality, RR relative risk, p,, P value for

heterogeneity between studies
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Table 3 Meta-analyses of associations of weight gain with each out-
come

Weight change
N RR (95% CI)

P(%)  Pha

All-cause mortality

Moderate gain 11 1.05 (0.93, 1.18) 38.8 0.09

Large gain 10 1.28 (1.09, 1.50) 58.2 0.01

Any gain 4 1.51(1.22, 1.87) 0 0.85
BCSM

Moderate gain 8 1.08 (0.94, 1.23) 6 0.38

Large gain 1.40 (1.09, 1.80) 60.3 0.02

Any gain 1.73 (1.04, 2.87) - -
Recurrence

Moderate gain 3 1.17 (0.99, 1.39) 8.2 0.34

Large gain 3 1.30 (1.10, 1.54) 0 0.64

Any gain 0 - - -

BCSM breast cancer-specific mortality, RR relative risk, p,, P value
for heterogeneity between studies

gain and was 1.40 (1.08-1.80) comparing large gain and no
gain, with large between-studies heterogeneity for the latter
(F=60.3%).

Subgroup and sensitivity analyses

Subgroup analyses by subtype were only conducted for BMI
combining pre-diagnostic BMI and < 1 year post diagno-
sis (Fig. 2). BMI assessed > 1 year post diagnosis was not
included because of the limited number of studies and the
possibility of reverse causation. Due to the limited number
of studies for central adiposity and weight change, subgroup
analyses were only conducted for BMI.

For breast cancer subtypes (Fig. 2), obesity was asso-
ciated with all-cause mortality among patients with ER+,
ER/PR+and HER2—, and patients with HER2+ tumors,
whereas there were weak associations for patients with
ER- and no clear associations for triple-negative breast
cancer (TNBC) patients (1.05 [0.88-1.26]). Obesity was
associated with BCSM among patients with ER/PR+and
HER2-, and HER2 + tumors, but not among ER— or TNBC
patients (ER—: overweight 0.99 [0.64—1.54], obesity 1.03
[0.89-1.20]; TNBC: overweight 1.00 [0.87—-1.15], obesity
1.17 [0.92-1.47]).

Due to the limited number of studies reporting BCSM
and other outcomes, analyses were only conducted for all-
cause mortality comparing BMI and central adiposity with
adjustment for each other (Fig. 3). For BMI, the summary
RR of all-cause mortality comparing overweight and nor-
mal weight was similar with basic adjustment and when
further adjusting for WC/WHR, while the summary RR
comparing obese and non-obese attenuated slightly when

further adjusting for WC/WHR. For central adiposity, the
summary RR comparing high and low categories attenu-
ated slightly when further adjusting for BMI, but there was
large between-study heterogeneity.

For menopausal status (Fig. 2), underweight, over-
weight, and obesity were all associated with all-cause
mortality, with similar associations among pre- and post-
menopausal women. For BCSM, the summary RR tended
to be higher in pre-menopausal than post-menopausal
women (over vs normal weight: 1.23 [1.07-1.41] and 1.10
[0.93—1.30]; obese vs normal weight: 1.34 [1.24-1.45] and
1.22 [1.02-1.46]), but the differences were non-significant.

For study-level characteristics, meta-regression showed
no evidence of significant differences except for region
and prevalence of obesity (Supplementary Table S3). For
region, the summary RRs of total mortality associated
with overweight and obesity were stronger in East Asia
than Europe/North America (overweight: 1.24 [1.12-1.36]
and 1.07 [1.02—1.12]; obesity: 1.58 [1.38-1.81] and 1.17
[1.12-1.23]). For prevalence of obesity, the summary RR
of total mortality associated with obesity was lower in
studies with higher prevalence of obesity.

Sensitivity analyses excluding studies which include
patients with metastatic breast cancer, or studies with high
or unclear risk of bias based on the NOS score yielded simi-
lar results compared with the main analyses (Supplementary
Table S4).

Small study effects and publication bias

Asymmetry was detected in the funnel plots for BMI of
the following categories and outcomes: (1) pre-diagnosis
BMI and BCSM: overweight vs normal weight (Egger test
p value 0.03) and obese vs normal weight (Egger test p value
0.02); (2) BMI <1 year post diagnosis and BCSM: obese vs
normal weight (Egger test p value 0.002); (3) BMI<1 year
post diagnosis and recurrence: overweight vs normal weight
(Egger test p value 0.04); (4) BMI<1 year post diagnosis
and DFS: overweight vs normal weight (Egger test p value
0.0005). Funnel plots are shown only for BMI <1 year post
diagnosis with all-cause mortality and BCSM (Supplemen-
tary Fig. S4).

Discussion

The present systematic review and meta-analysis showed
that general adiposity levels were associated with all-cause
mortality, BCSM, any recurrence, and distant recurrence
among breast cancer patients. General obesity was associ-
ated with higher risk of all-cause mortality and BCSM in
patients with ER+, ER+and HER2—, and HER2+ tumors,
but not in patients with triple-negative tumors. Central
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(a) All-cause mortality

No. of studies RR (95% Cl)
Menopausal status
Pre-menopausal
Under vs normal 4 —— 1.26 (0.97, 1.64)
Over vs normal 11 —— 1.20 (1.04, 1.40) 4
Obese vs normal 10 - 1.26 (1.13, 1.40)
Obese vs non-obese 6 —— 1.22 (0.99, 1.51) 4
Post-menopausal
Under vs normal 5 —a— 1.45 (1.21, 1.75)
Over vs normal 13 |—| 1.07 (0.99, 1.15)
Obese vs normal 12 - 127 (1.13,1.44) 5
Obese vs non-obese 8 - 1.28 (1.10,1.47) 3
Subtype
ER+
Under vs normal 4 —— 1.69(1.34,2.15)
Over vs normal 14 L 1.04 (0.94,1.15) 5
Obese vs normal 16 = 1.22(1.11,1.35) 4
Obese vs non-obese 7 —-— 1.34 (1.14,1.58) 5
ER-
Under vs normal 2 1 1.51 (0.96, 2.36)
Over vs normal 12 - 1.05 (0.97, 1.14)
Obese vs normal 14 L 1.15(1.04,1.26) 2
Obese vs non-obese 6 e— 1.19 (0.96, 1.47) 3
HR+ & HER2-
Under vs normal 2 —1+——>1.82(0.71,468) 69.
Over vs normal 5 —— 1.57(1.26,1.96) 53.
Obese vs normal 4 —— 1.41(1.19, 1.67)
Obese vs non-obese 3€——1—>1.42(046,4.42) 56
HER2+
Under vs normal 8 —a— 1.30 (1.08, 1.56)
Over vs normal 11 | 1.03 (0.94, 1.14)
Obese vs normal 11 - 1.25(1.11, 1.41)
Obese vs non-obese 3 — 1.32 (0.73, 2.40)
ER- & PR- & HER2-
Under vs normal 2 -T-— 1.18 (0.88, 1.57)
Over vs normal 10 -+ 1.13 (0.91, 1.38)
Obese vs normal 8 b 1.05 (0.88, 1.26)
Obese vs non-obese 2€————>1.45(0.48,4.40)
S —_—

| SS——
05 1.015 25
RR (95% Cl)

Fig.2 Subgroup analyses of BMI (pre-diagnostic and< 1 year post
diagnosis) with overall mortality and BCSM among breast can-
cer patients. Boxes represent the RRs of a all-cause mortality and b

obesity was associated with higher risk of all-cause mortal-
ity, while large (> 10%) weight gain was associated with
higher risk of all-cause mortality, BCSM, and recurrence.
The positive associations of general obesity with all-cause
mortality and BCSM persisted when additionally adjusted
for central adiposity, while the converse was true for central
adiposity, suggesting that adiposity overall rather than cen-
tral adiposity may have a more important role in outcomes.

Our findings of higher risks of all-cause mortality,
BCSM, and recurrence comparing underweight to normal
weight were consistent with previous meta-analyses [4, 5],
and may be related to the presence of comorbid conditions
in underweight women. For menopausal status, we observed
similar associations of obesity with all-cause mortality
and BCSM, consistent with previous meta-analyses [4, 5].
Although several studies have reported inverse associations
between obesity and development of breast cancer in pre-
menopausal women [120], we found that obesity was asso-
ciated with higher risks of all-cause mortality and BCSM
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(b) BCSM
p-het No. of studies RR (95% CI) 12(%) p-het
04 3 —=r 0.90 (0.66, 1.22) 0 0.99
0.05 8 - 1.23 (1.07,1.41) 293 0.19
0.41 9 - 1.34 (1.24, 1.45) 0 0.49
0.1 0 1.00 (1.00, 1.00)
0.95 3 —r— 1.00 (0.74,1.35) 2238 0.27
04 6 o 1.10 (0.93,1.30) 27.3 0.23
0.02 8 —-— 122 (1.02,1.46) 574 0.02
0.17 0
0.88 2 —t— 1.07 (0.68, 1.66) 0 0.93
0.003 3 e f— 1.13 (0.76, 1.67) 49.1 0.14
0.03 10 - 1.26 (1.11,1.43) 576 0.01
0.03 1 ——  1.54 (1.26, 1.88)
0.46 0 1.00 (1.00, 1.00)
0.41 Dl ——— 0.99 (0.64, 1.54) 65.5 0.09
0.19 7 - 1.03 (0.89, 1.20) 0 0.49
0.15 0 1.00 (1.00, 1.00)
0.07 3 T 1.25 (0.93, 1.68) 0 0.85
0.07 5 T 1.16 (0.95, 1.42) 20.5 0.28
0.43 5 - 1.30 (1.14, 1.48) 0 0.62
0.1 1 ——  1.40 (1.1, 1.76)
0.49 4 —t— 1.21(0.80,1.81) 41.9 0.16
0.77 8 —=r 0.89 (0.70,1.12) 451 0.08
0.97 10 —— 1.34 (1.05,1.71) 246 0.22
0.16 e 1.00 (0.71, 1.40)
0.91 2 o 1.12 (0.83, 1.52) 0 0.38
0.003 4 - 1.00 (0.87, 1.15) 14 0.39
0.2 4 T 1.17 (0.92, 1.47) 0 0.97
0.05 0
[ S - —
05 1.0 15 25

RR (95% Cl)

BCSM associated with obesity, with the area of the box inversely pro-
portional to the variance of the logRR

among both pre- and post-menopausal women with breast
cancer.

Findings of this meta-analysis are largely consistent with
previous meta-analyses reporting that higher BMI is consist-
ently associated with higher all-cause mortality and BCSM,
regardless of when BMI is ascertained. A meta-analysis
involving 213,075 breast cancer patients and 41,477 deaths
[4] showed that the RRs of all-cause mortality comparing
obese vs normal weight were 1.41 (1.29-1.53) for BMI
before diagnosis, 1.23 (1.12-1.33) for BMI <1 year after
diagnosis, and 1.21 (1.06-1.38) for BMI>1 yearl2 after
diagnosis. The corresponding RRs of BCSM were 1.35
(1.24-1.47), 1.25 (1.10-1.42), and 1.68 (0.90-3.15). Pooled
estimates in our meta-analysis were slightly different but
generally consistent with this meta-analysis. We included
different numbers of individual studies by BMI categories
because we excluded comparisons with non-standard ref-
erence groups, which resulted in lower between-studies
heterogeneity for most comparisons. We extended this
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(a) Basic adjustment (b) Mutual adjustment
No. of studies RR (95% Cl) 12(%) p-het RR (95% Cl) 12(%) p-het

BMI

All-cause mortality
Under vs normal 1 -T—>1.82(0.89, 3.72) T—>1.91 (0.93, 3.93)
Over vs normal 5 - 1.20 (1.05, 1.38) 30.7 0.22 - 1.21 (1.05, 1.40) 50.3 0.09
Obese vs normal 4 —-— 1.26 (1.08, 1.47) 39.8 0.17 —— 1.17 (0.99,1.38) 7.2 0.36
Obese vs non-obese 0

BCSM
Under vs normal 0
Over vs normal 2 — 1.24 (0.97, 1.57) 0.82 T 1.25 (0.96, 1.63) 0 0.75
Obese vs normal 2 -T— 1.14 (0.85, 1.52) 0.43 —1— 1.11 (0.80, 1.53) 32.8 0.22
Obese vs non-obese 0

Central adiposity

All-cause mortality
Central MvL 8 - 1.08 (0.96, 1.21) 0.82 .- 1.08 (0.93, 1.26) 0 0.6
Central HvL 8 - 1.32 (1.19, 1.48) 68.1 0.003 - 1.26 (1.11, 1.44) 64.7 0.003
Obese vs non-obese 1 —>1.92(1.16, 3.18) —+——>1.34 (0.70, 2.55)

BCSM
Central MvL 4 —-— 1.05 (0.88, 1.26) 0.9 — 1.08 (0.76, 1.54) 0 0.8
Central HvL 4 e il 1.09 (0.90, 1.32) 42.9 0.15 —— 1.03 (0.83, 1.28) 55.5 0.08
Obese vs non-obese 0

All-cause mortality
WC MvL 2 T 1.16 (0.93, 1.44) 0.91 -1 1.13 (0.81, 1.58) 0 0.6
WC HvL 2 —— 1.39(1.13,1.72) 89.3 0.002 — 1.29 (0.97, 1.70) 82.2 0.02
Obese vs non-obese 1 —>1.92(1.16, 3.18) —+——>1.34 (0.70, 2.55)

0.5 1.0 25 0.5 1.0 25
RR (95% Cl) RR (95% Cl)

Fig.3 Meta-analysis of BMI and central adiposity in relation to total
mortality among breast cancer patients. Boxes represent the hazard
ratios (HRs) of all-cause mortality associated with obesity in a basic

meta-analysis by showing that higher BMI is also associ-
ated with lower risks of recurrence and distant recurrence.
We found that general obesity was associated with
all-cause mortality and BCSM in ER/PR+HER2-, and
HER2+ breast cancer patients, while no clear associa-
tions were observed in TNBC patients. In contrast, a recent
meta-analysis reported that general obesity was associated
with all-cause mortality in ER/PR+HER2—, HER2 +, and
TNBC patients [121]. In that meta-analysis, the HR com-
paring obese vs non-obese for all-cause mortality was 1.39
(1.20-1.62) among ER/PR+HER2- and 1.32 (1.13-1.53)
among TNBC patients. Although that meta-analysis care-
fully included studies involving the spectrum of immunohis-
tochemically (IHC) defined BC subtypes, it accepted obesity
as defined in each study, resulting in high between-study
heterogeneity. Nonetheless, some included studies did not

adjustment and b mutual adjustment (adjusting BMI for central adi-
posity and adjusting WC/WHR for BMI), with the area of the box
inversely proportional to the variance of the logRR

present simultaneously the risk estimates across BC sub-
types, so it is difficult to establish reliably whether the dif-
ference in risk estimates was due to difference in subtypes or
other factors. In this context, the Breast Cancer Association
Consortium with 121,435 BC patients and 16,890 deaths
showed that the associations between obesity and all-cause
mortality did not differ by ER status (P value > 0.30) [122].
However, only ER status was assessed and associations in
more specific BC subtypes (e.g., TNBC) were not assessed
in that study. Despite the relatively small number of included
studies, our pooled estimates for BCSM by subtype were
consistent with subtype-specific estimates for all-cause
mortality.

The observed differences by ER status may be related to
the fact that adipose tissue produces excess estradiol, leading
to higher estrogen exposure particularly in post-menopausal
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women or women with suppressed ovarian function [123].
Estrogen may only contribute to the association of obesity
with outcomes in ER/PR+BC but not in TNBC patients
[124]. Moreover, a Mendelian randomization study showed
that genetically predicted obesity is associated with all-cause
mortality in ER+BC patients and is not associated with all-
cause mortality in ER— BC patients [6]. Nonetheless, find-
ings from Mendelian randomization studies should be inter-
preted cautiously because adiposity is associated with both
development of BC and outcomes after BC and genetically
determined BMI is likely to reflect lifetime adiposity.

Nonetheless, there are other biologic factors involved,
including insulin resistance, hyperinsulinemia, dysglyce-
mia, altered adipokines, and inflammation [123]. These
biologic effects are more specific to central obesity and they
are potentially relevant across BC subtypes, regardless of
endogenous estrogen levels. Future research is warranted to
explore the potential mechanisms of biologic mediators to
outcomes across BC subtypes.

We found that the association between obesity and all-
cause mortality was stronger in East Asians than in Europe-
ans. A previous meta-analysis showed a positive association
between obesity and all-cause mortality in Europeans, but
a null association in East Asians. However, only two East
Asian studies were included. Our meta-analysis included
8 individual studies in East Asia which had low between-
studies heterogeneity. The stronger association between
obesity and all-cause mortality among BC patients may be
explained by the high degree of central adiposity in East
Asians at the same BMI level compared with Europeans
[125], as well as differences in hormonal or reproductive
factors (e.g., age at menarche, age at first birth). Although
the exact mechanisms for the stronger association of obesity
in East Asians need to be understood, if the observed asso-
ciations are causal, weight management may yield greater
benefit in East Asians.

Our estimates for weight change are largely consistent
with a previous meta-analysis [126]. Similarly to that meta-
analysis, we were unable to conduct subgroup analyses
because of the small number of studies included for each
outcome. In addition to general adiposity, we showed that
central obesity was associated with all-cause mortality and
BCSM among BC patients. Importantly, we showed that the
associations of central obesity with all-cause mortality and
BCSM persisted when additionally adjusting for BMI. This
suggests that the mechanisms linking central obesity and
BC outcome may not be confined to the effects of estrogen.
As discussed above, insulin resistance, hyperinsulinemia,
dysglycemia, adipokines, and inflammation may play a role
[123, 124], but more studies are needed to understand the
mechanisms.

Strengths of this meta-analysis include the breadth of
literature search, the inclusion of various adiposity traits
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and prognostic outcomes, and inclusion of detailed study
characteristics. Key factors associated with BC outcomes,
such as age and stage, were adjusted for in the majority of
studies. This meta-analysis also included studies across wide
geographical regions, and therefore the results are readily
generalizable. Our study has limitations. First, the subgroup
analyses were limited by the number of individual studies
reporting subgroup-specific results, such as menopausal sta-
tus. As a result, our subgroup analyses were only conducted
for BMI, but not for central obesity or weight gain. Second,
several studies reporting BC subtypes did not specify the
details of hormone receptors and HER2 identification and
differences are likely to exist between studies and over time.
However, our subtype-specific estimates were broadly con-
sistent with previous meta-analyses restricting to studies that
used fluorescence in situ hybridization. Third, not all studies
defined BC outcomes according to the STEEP definitions,
so we used the BC outcomes as defined by individual stud-
ies. Academic societies and organizations are to promote
the adherence to STEEP definitions in prognostic research.
Lastly, there are other sources of heterogeneity including
adjustment for potential confounders (patient, tumor, and
treatment characteristics) and differences in treatment over
time and between countries.

In conclusion, overweight and obesity are associated with
higher risks of all-cause mortality, BCSM, recurrence, and
distant recurrence among BC patients. The association of
general obesity with all-cause mortality is observed among
all patients except TNBC. Central adiposity is associated
with higher risk of all-cause mortality, and the association
persisted after adjustment for BMI. Weight gain is associated
with higher risk of all-cause mortality, BCSM, and recur-
rence. Maintaining a healthy body weight is likely to be ben-
eficial in lowering risk of mortality and recurrence among
BC patients, but more studies are warranted to understand
the mechanisms of biologic mediators to outcomes across
BC subtypes.
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