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Abstract
Early life factors are important risk factors for breast cancer. The association between weight gain after age 18 
and breast cancer risk is inconsistent across previous epidemiologic studies. To evaluate this association, we 
conducted a meta-analysis according to PRISMA guidelines and the established inclusion criteria. We performed 
a comprehensive literature search using Medline (Ovid), Embase, Scopus, Cochrane Library, and ClinicalTrials.gov 
to identify relevant studies published before June 3, 2022. Two reviewers independently reviewed the articles for 
final inclusion. Seventeen out of 4,725 unique studies met the selection criteria. The quality of studies was assessed 
using the Newcastle-Ottawa Scale (NOS), and all were of moderate to high quality with NOS scores ranging from 
5 to 8. We included 17 studies (11 case-control, 6 cohort) in final analysis. In case-control studies, weight gain 
after age 18 was associated with an increased risk of breast cancer (odds ratio [OR] = 1.25; 95% CI = 1.07–1.48), 
when comparing the highest versus the lowest categories of weight gain. Menopausal status was a source of 
heterogeneity, with weight gain after age 18 associated with an increased risk of breast cancer in postmenopausal 
women (OR = 1.53; 95% CI = 1.40–1.68), but not in premenopausal women (OR = 1.01; 95% CI = 0.92–1.12). 
Additionally, a 5 kg increase in weight was positively associated with postmenopausal breast cancer risk (OR = 1.12; 
95%CI = 1.05–1.21) in case-control studies. Findings from cohort studies were identical, with a positive association 
between weight gain after age 18 and breast cancer incidence in postmenopausal women (relative risk [RR] = 1.30; 
95% CI = 1.09–1.36), but not in premenopausal women (RR = 1.06; 95% CI = 0.92–1.22). Weight gain after age 18 is a 
risk factor for postmenopausal breast cancer, highlighting the importance of weight control from early adulthood 
to reduce the incidence of postmenopausal breast cancer.
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Background
Breast cancer is the most commonly diagnosed cancer 
among women in the United States [1]. In 2022, it is 
estimated that approximately 30% of newly diagnosed 
cancers in women will be breast cancer [1]. Obesity is 
a modifiable risk factor for breast cancer [2]. However, 
the relationship between adiposity and breast cancer 
risk is complex and varies depending on menopausal 
status. Adiposity before menopause is inversely asso-
ciated with the risk of premenopausal breast cancer, 
while adiposity after menopause is positively associ-
ated with the risk of postmenopausal breast cancer 
[3–5].

Long-term weight change can modify breast cancer 
risk, but the association varies during the life course. 
Previous studies have produced inconsistent results on 
the association between weight gain since age 18 and 
breast cancer risk, as well as whether this association 
varies by menopausal status [6–9]. Two previous meta-
analyses published in 2010 (involving 9 studies) and 
2019 (involving 11 studies) used varying early adult-
hood starting ages (ranging from ages 15 to 25 years 
old) and did not specifically examine the association 
between weight gain after age 18 and breast cancer 
risk [10, 11]. Based on previous studies, we considered 
that recalled weight at age 18 may be more accurate, 
as many participants may have entered university at 
around 18 years old and may have undergone a physi-
cal examination for entrance, during which their body 
weight information would have been recorded [12].

To date, no meta-analysis has provided a pooled esti-
mate specifically on the association between weight 
gain since the age of 18 years and breast cancer risk 
in later life. Therefore, an updated meta-analysis is 
necessary to evaluate this association and determine 
whether there is heterogeneity by menopausal status. 
The findings from this study will support public health 
initiatives aimed at promoting weight control from age 
18 onwards to reduce a woman’s risk of breast cancer.

Methods
Eligibility criteria
This meta-analysis was conducted according to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) reporting guide-
lines [13]. This study was registered on PROSPERO 
(CRD42021091749) and was exempt from institutional 
review boards as it only included de-identified data 
found through the public domain in previously pub-
lished works.

Studies were selected using the “PICOS” format: (1) 
Population: women aged ≥ 18 years; (2) Intervention: 
change in weight/body mass index (BMI) from age 18 
throughout adulthood; (3) Comparison: not applicable; 

(4) Outcome: risk of incident breast cancer; (5) Study 
design: observational studies, including cohort studies, 
case-control studies, cross-sectional studies, and clini-
cal trials. Case reports, review articles, studies with 
non-human participants, non-English language arti-
cles, and unavailable full-text articles were excluded.

Search strategy and study selection
The published literature was searched using strate-
gies designed by a medical librarian (A.H., a Master 
of Library and Information Science [MLIS]-qualified 
librarian) for the concepts of weight gain or weight 
change and breast cancer. These strategies were cre-
ated using a combination of controlled vocabulary 
terms and keywords and were executed in Medline 
(Ovid) 1946-, Embase.com 1947-, Scopus 1823-, 
Cochrane Library (including CENTRAL), and Clini-
caltrials.gov. Results were limited to articles in English 
using database-supplied filters. A filter was also used 
to exclude animal-only studies from Ovid-Medline and 
Embase. All searches were completed on June 3, 2022. 
The full search strategies and terms are detailed in the 
Supplement. After removing duplicate citations, two 
reviewers (Y.H. and E.O.) independently screened the 
titles and abstracts resulting from the medical librar-
ian’s search strategy. Full-text articles were retrieved if 
they passed the initial screening of title and abstract. 
Based on the pre-specified selection criteria, both 
authors independently reviewed the full-text articles 
for final inclusion. Disagreements were resolved via 
discussion.

Data extraction
Two independent reviewers (Y.H. and E.O.) extracted 
the required data from eligible studies using an 
author-created extraction form. The primary out-
come measures were relative risks (RRs)/hazard ratios 
(HRs) in cohort studies or odds ratios (ORs) in case-
control studies along with the corresponding 95% con-
fidence intervals (CIs). We extracted the adjusted risk 
estimates (REs) (e.g., RRs, HRs, or ORs) and 95% CIs 
reflecting the greatest degree of adjustment for pos-
sible confounding factors from regression models. We 
defined a change in weight or body mass index (BMI) 
as a change in weight (in pounds or kilograms) or 
BMI (weight in kilograms divided by height in meters 
squared) as measured from age 18 to the date of the 
breast cancer diagnosis (for case-control studies) or 
the last follow-up before diagnosis or until inclusion 
(for cohort studies). For the meta-analysis, we used 
the adjusted REs with 95% CIs for the largest weight 
gain group compared to the reference group from each 
study. In instances where some studies reported more 
than one RE for stratified groups, we took separate 
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REs. We also extracted data on weight change in con-
tinuous form. In case-control studies, we recorded the 
number of cases and controls, while in cohort studies, 
we reported the total cohort number and breast can-
cer incident cases. We also extracted data on meno-
pausal status (pre-, or postmenopausal), race/ethnicity, 
tumor hormone receptor status (ER, PR, HER2), along 
with details about weight change such as categori-
cal vs. continuous. Other data of interest included the 
study’s detailed information such as the first author’s 
last name, year of publication, country (U.S.A. or other 
countries), study design (case-control or cohort), data 
source, measures of effect size, and factors adjusted for 
in the model.

Assessment of bias risk
Two authors (Y.H. and E.O.) independently used the 
Newcastle-Ottawa Scale (NOS) to assess the qual-
ity of each study based on selection, comparability, 
and exposure (in case-control studies) or outcome (in 
cohort studies) [14]. The NOS assigns a maximum 
sum score of 9 for both case-control and cohort stud-
ies, with higher scores indicating higher study qual-
ity. In addition, we created a three-category scoring 
system to evaluate study quality, including reporting 
of enrollment dates, funding sources, and conflicts of 
interest (Table 1). Quality assessments were compared 
between the two reviewers, and any disputes were 
resolved through discussion. We assessed heteroge-
neity among study-specific estimates using the chi-
squared (Cochran Q statistic) and I2 statistic. I2 values 
less than 25% were considered low heterogeneity; I2 
values between 25% and 50% were considered moder-
ate heterogeneity; I2 values greater than 50% were con-
sidered high heterogeneity [15, 16]. We also assessed 
for publication bias using funnel plot asymmetry and 
the Egger test [17, 18].

Statistical analysis
We performed a meta-analysis on qualifying stud-
ies that reported adjusted REs with the correspond-
ing 95% CIs for the association between weight gain 
from age 18 and breast cancer incidence. A summary 
of REs with 95% CIs was calculated using a random-
effects method, which accounts for possible variations 
of associations across the studies. We separated the 
meta-analysis into two groups: (1) case-control studies 
and (2) cohort studies to allow analysis for RR and OR 
separately [19]. Case–control estimates were presented 
as ORs with 95% CIs, while cohort estimates were pre-
sented as RRs with 95% CIs. We conducted planned 
subgroup analyses based on country of study (U.S.A. 
vs. other countries), menopausal status (premeno-
pausal vs. postmenopausal), and hormone receptor 

status (positive vs. negative). Additionally, we con-
ducted a separate meta-analysis for studies using con-
tinuous weight gain (per 5 kg) as a measurement. We 
also conducted sensitivity analyses using the “one-out” 
method, where one study is excluded at a time, and the 
impact of removing each study is evaluated on sum-
mary results and between-study heterogeneity [20]. 
We specifically considered excluding the cohort study 
by Rosner (2017), which reported HRs in the meta-
analysis for cohort studies. All statistical analyses were 
performed with STATA version 17 (StataCorp LLC, 
College Station, TX). All P values were two-tailed, and 
the significance level was set at 0.05.

Results
Study selection
We present the PRISMA flow diagram of our system-
atic literature review in Fig.  1 [13]. Our initial search 
in February 2021 yielded 7,653 articles. After remov-
ing duplicates, we were left with 4,368 records. We 
performed two additional updates to the search, 
adding 292 unique citations in March 2022 and 65 
unique citations in June 2022. In total, we screened 
4,725 unique articles. After reviewing the titles and 
abstracts, we excluded 4,521 articles that did not meet 
the evaluation criteria for the relationship between 
weight change and breast cancer risk. We then care-
fully reviewed the full text of the remaining 204 arti-
cles and assessed their reference lists for relevant 
publications, but we did not retrieve any additional 
studies that met our inclusion criteria. After a thor-
ough review, we excluded 187 publications for not 
adhering to our inclusion criteria, resulting in a final 
selection of 17 studies that met our inclusion criteria 
[6–9, 21–32].

Study characteristics
We summarized the characteristics of the 17 stud-
ies (11 case-control studies and 6 cohort studies) in 
Table  1. The studies were published between 1990 
and 2019. Thirteen studies were conducted in the 
United States, while the remaining 4 studies were car-
ried out in Bangladesh, China, Norway, and Sweden. 
All studies reported menopausal status and the num-
ber of participants. Six studies stratified their results 
by breast tumor receptor subtypes, and only three 
studies provided information on the race/ethnicity of 
participants. Weight/BMI change was categorized in 
all studies (14 studies measured in weight, and 3 stud-
ies measured in BMI). Additionally, three studies also 
reported results using continuous weight change (per 
5 kg weight). All studies adjusted for age. All 11 case-
control studies reported ORs, 5 out of 6 cohort studies 
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Fig. 1 PRISMA flow diagram of systematic literature search
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reported RRs, and Dr. Rosner’s cohort used HRs as the 
effect size measure [22].

Study quality
Quality assessment was performed using a 3-cat-
egory scoring system and the NOS scores. Based on 
the 3-category scoring system, seven studies are of 
high quality (score 3 out of 3), nine studies were of 
medium quality (score 2 out of 3), and one study was 
of low quality (score 1 out of 3) (Table 1). All 17 stud-
ies reported the participants’ enrollment dates, 16 
studies reported the funding sources, and 7 studies 
declared no conflicts of interest (Table 1). NOS is spe-
cifically used for nonrandomized studies and has been 
endorsed by the Cochrane collaboration. We used the 
version for case-control studies or cohort studies as 
applicable, addressing subject selection, study compa-
rability, and the assessment of outcome or exposure. 
NOS scores ranged from 5 to 8 (9 being the high-
est possible score), with a mean of 6.3, a median of 6, 
and a mode of 6 (Table 1). Further details of the NOS 
scores are shown in Supplementary Tables 1 and 2. All 
studies received a star for comparability with respect 
to age adjustment. Except for one study, all studies 
received an additional star for comparability as they 
also adjusted for at least one additional risk factor 
for breast cancer, such as age at menarche, age at first 
birth, family history of breast cancer, use of hormone 
replacement therapy, alcohol consumption, or weight 
at age 18.

Small-study effects and publication bias
We assessed publication bias and small-study effects 
using standard funnel plot and Egger regression-based 
statistical tests. The funnel plots for both case-control 
and cohort studies were symmetric, indicating the 
absence of publication bias (Supplementary Figs.  1 
and 2). The Egger regression-based statistical tests (all 
P-values > 0.05) also showed no significant evidence of 
asymmetry in the funnel plots. Moreover, sensitivity 
analyses demonstrated that any potential publication 
bias had minimal impact on the overall results.

Meta-analysis
Case-control studies
We included 11 case-control studies with 21 sepa-
rate ORs in the meta-analysis (Supplementary Fig. 3). 
When comparing the highest versus the lowest catego-
ries of weight gain, we found a significant association 
between weight gain after age 18 and breast cancer 
incidence with an OR of 1.25 (95% CI, 1.07–1.48) 
(Supplementary Fig. 3).

Menopausal status was a source of heterogeneity 
(chi-squared test statistic of 36.5 and a p-value < 0.001; 

Fig.  2). When comparing the highest versus the low-
est categories of weight gain, the OR decreased to 
1.01 (95% CI, 0.92–1.12), and the I2 value decreased 
to 6.29% in premenopausal women; the OR increased 
to 1.53 (95% CI, 1.40–1.68), and the I2 value decrease 
to 0% in postmenopausal women (Fig.  2). These 
results underscore a significant association between 
weight gain after age 18 and breast cancer incidence 
in postmenopausal, while such an association was not 
observed in premenopausal women. This highlights 
that menopausal status is a strong driver of hetero-
geneity. Furthermore, the 95% CIs did not overlap 
between the pre- and postmenopausal women, which 
also suggests a difference in effect size between them.

Additionally, we had similar findings in a separate 
meta-analysis for studies using continuous weight gain 
(per 5 kg) as a measurement. We observed a significant 
overall association for every 5  kg increase in weight 
and breast cancer incidence with an OR of 1.08 (95% 
CI, 1.02–1.13) (Fig. 3) with menopausal status being a 
source of heterogeneity (chi-squared test statistic of 7 
and a p-value = 0.01; Fig.  3). The association between 
every 5  kg increase in weight and breast cancer inci-
dence was significant only in postmenopausal women 
(OR = 1.12; 95%CI = 1.05–1.21; Fig. 3).

We did not observe any differences by coun-
try of study (chi-squared test statistic of 0.64 and a 
p-value = 0.42; Supplementary Fig.  4), or by hormone 
receptor status (chi-squared test statistic of 0.13 and a 
p-value = 0.72; Supplementary Fig. 5).

Cohort studies
We included 6 cohort studies with a total of 12 sepa-
rate RRs (Supplementary Fig. 6). When comparing the 
highest versus the lowest categories of weight gain, 
we found a statistically significant overall associa-
tion between weight gain after age 18 and breast can-
cer incidence, with an RR of 1.22 (95% CI, 1.09–1.36) 
(Supplementary Fig. 6).

After stratifying by menopausal status, we found 
that the association between weight gain after age 18 
and breast cancer incidence was significant only in 
postmenopausal women (RR = 1.30; 95% CI = 1.15–
1.46), not in premenopausal women (RR = 1.06; 95% 
CI = 0.92–1.22). The chi-squared test statistic of 4.87 
and a p-value of 0.03 suggested that menopausal status 
was a significant source of heterogeneity (Fig. 4).

Excluding the cohort study by Rosner (2017), which 
reported HRs, did not change the overall pooled esti-
mates in our meta-analysis. However, the chi-squared 
test statistic decreased to 1.92 with a p-value of 0.17, 
indicating that menopausal status was no longer a 
significant source of heterogeneity (Supplementary 
Fig.  7). Unfortunately, due to the limited number of 
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Fig. 2 Forest plot for the association between weight gain after age 18 and breast cancer risk in case-control studies, stratified by menopausal status
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available cohort studies and the lack of detailed infor-
mation on certain variables, we were unable to con-
duct further investigations of potential sources of 
heterogeneity.

Discussion
The present meta-analysis found that weight gain from 
age 18 was associated with an increased risk of post-
menopausal breast cancer, but not with premenopausal 
breast cancer. Specifically, for every 5  kg increase in 
weight since age 18, there was a 12% rise in the risk of 
postmenopausal breast cancer. Notably, to our knowl-
edge, this meta-analysis is the first to focus on weight 
gain since the age of 18 years as the starting point for 
early adulthood.

Our findings are consistent with a previous dose-
response meta-analysis by Chan and colleagues, 
which reported that a 7% increase in the risk of post-
menopausal breast cancer for every 5  kg weight gain 
in adulthood (RR, 1.07; 95% CI, 1.05–1.09) [10]. 
However, Chan’s analysis included studies with vari-
ous early adulthood starting ages ranging from 15 to 
25 years old [10]. In our analysis, we did not find any 
association between weight gain and hormone recep-
tor status, which may be due to the limited number of 
studies that stratified by both hormone receptor sta-
tus and menopausal status. However, Rosner and Chan 
found a significant positive association between adult 
weight gain and ER + PR + breast cancers in postmeno-
pausal women, but not with ER + PR-/ER-PR- breast 
cancers [10, 22].

Fig. 3 Forest plot for the association between per 5 kg weight change after age 18 and breast cancer risk in case-control studies, stratified by menopausal 
status
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The precise mechanisms underlying the associa-
tions between long-term weight change, breast cancer, 
and the divergent effects of menopausal status remain 
poorly understood. However, some possible pathways 
include the influence of mammographic breast den-
sity [22, 33], which is a strong risk factor and interme-
diate marker of breast cancer risk [34]. For instance, 
in postmenopausal women, percent mammographic 
breast density may mediate up to 26% of the effect 
of childhood and adolescent somatotypes on breast 
cancer risk [35]. Initially, we anticipated an inverse 
association between long-term weight gain and pre-
menopausal breast cancer overall, as suggested by 
Schoemaker et al.’s prospective pooled analysis results 

[5]. This expectation was based on two factors: (1) 
additional weight gain being associated with a reduc-
tion in mammographic density, and (2) substantial 
weight gain leading to obesity, which suppresses ovar-
ian function, consequently reducing endogenous sex 
hormone exposure, particularly progesterone [5]. 
However, our results did not demonstrate an inverse 
association, possibly due to the inability to analyze 
breast cancer hormone receptor status. Transcrip-
tomic analysis indicates that pathways involving pro-
liferation, immune response, and inflammation may 
also play a role [36, 37]. For example, early-life adipos-
ity has been linked to lower cellular proliferation path-
ways, including MYC target genes, in both estrogen 

Fig. 4 Forest plot for the association between weight gain after age 18 and breast cancer risk in cohort studies, stratified by menopausal status
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receptor positive and negative breast tumors [37]. Fur-
ther research is needed to understand the biological 
mechanisms underlying the association of adiposity 
change across the lifespan and breast cancer risk [38].

Recently, Mendelian randomization studies have provided 
additional insights into this complex relationship, suggest-
ing that observational studies based on a single measure-
ment may underestimate the magnitude of the association 
[39]. A recent review (Fang et al., 2021) summarized current 
evidence from Mendelian randomization studies, shedding 
light on the complex relationship between adiposity and dif-
ferent types of cancers, and providing further insight into 
the causality of the inverse association of early life adiposity 
with breast cancer [39].

Our study has several limitations. First, there may be 
a potential recall bias for self-reported weight during 
early adulthood [11]. However, previous studies have 
reported strong correlations between self-reported 
and measured weight and BMI, typically ranging 
between 0.87 and 0.92 [11, 40]. Second, although we 
carefully synthesized the data in this study, the results 
should be interpreted with caution due to the limita-
tions of meta-analysis, which can introduce poten-
tial heterogeneities, including differences in exposure 
measurements, outcome reporting, and modeling in 
each included study. Further individual participant 
data (IPD) meta-analyses may improve data quality, 
and pooled analyses can also address these limitations 
[41]. A large pooled analysis of the participant-level 
data showed consistent results with our study [41]. 
Finally, we were unable to evaluate race as a potential 
source of heterogeneity, and we did not have sufficient 
data to assess the impact of hormone replacement 
therapy (HRT) use in postmenopausal women for this 
meta-analysis. A previous dose-response meta-anal-
ysis examining 10 obesity-related cancers, including 
breast cancer, found that each 5  kg increase in adult 
weight gain is associated with a statistically significant 
11% increase in risk for postmenopausal breast cancer 
among individuals who do not use HRT [42]. These 
limitations underscore the need for further research to 
comprehensively understand the influence of factors 
between weight change and breast cancer risk.

Conclusion
In conclusion, weight gain from age 18 is associated with 
an increased risk of breast cancer among postmenopausal 
women. This finding highlights the urgent need to enhance 
weight control from early adulthood to reduce a woman’s 
risk of postmenopausal breast cancer.
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