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Abstract
BACKGROUND 
Obesity is a significant global public health challenge and a key risk factor for 
several types of cancer. Breast cancer, the most common malignant tumor among 
women, is strongly associated with obesity. Currently, bariatric surgery is the 
most effective approach for long-term weight management and improving 
metabolic health. Although research indicates that bariatric surgery decreases the 
likelihood of developing certain cancers, its impact on breast cancer incidence is 
unclear.

AIM 
To investigate the relationship between bariatric surgery and breast cancer risk in 
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women.

METHODS 
We conducted a comprehensive search of multiple electronic databases for original studies comparing the 
incidence of breast cancer in women who underwent bariatric surgery to that in a control group. For the meta-
analysis, we used a random-effects model and performed stratified analyses based on variables such as 
menopausal status, tumor stage, and hormone receptor status to examine effect modification. We evaluated the 
rigor of the study methods using the Risk of Bias in Non-randomized Studies of Interventions tool. We quantified 
heterogeneity using the I2 statistic and assessed the quality of the evidence using the Grading of Recommendations, 
Assessment, Development and Evaluation approach. Additionally, we created a funnel plot and performed a 
Begg’s test to evaluate publication bias.

RESULTS 
A total of 17 observational studies, including 7129194 female patients, were included in the analysis. Of those 
patients, 513601 underwent bariatric surgery, and 6615593 were in the control group. A meta-analysis revealed that 
bariatric surgery is significantly associated with a reduced overall risk of breast cancer [relative risk (RR) = 0.52; 
95% confidence interval (CI): 0.38-0.71; P < 0.00001]. However, substantial heterogeneity was observed (I2 = 98%). 
Subgroup analysis showed a consistent reduction in risk among premenopausal (RR = 0.84; 95%CI: 0.72-0.99; P = 
0.04) and postmenopausal (RR = 0.75; 95%CI: 0.60-0.92; P = 0.006) women. Analysis by disease stage revealed an 
18% increase in the RR of stage I cancer in the surgery group (RR = 1.18; 95%CI: 1.06-1.32; P = 0.003). Conversely, 
the incidence of stage III-IV cancer decreased significantly (RR = 0.50; 95%CI: 0.31-0.82; P = 0.006). The incidence of 
stage II cancer did not change significantly (RR = 0.89; 95%CI: 0.73-1.10; P = 0.28). No significant association was 
observed for hormone receptor-positive (estrogen receptor-positive, progesterone receptor-positive, and human 
epidermal growth factor receptor 2+) subtypes. The overall risk of bias was moderate to high. Based on the 
Grading of Recommendations, Assessment, Development and Evaluation criteria and other considerations, the 
quality of the evidence was ultimately rated as “moderate”.

CONCLUSION 
According to observational data, bariatric surgery appears to reduce the overall risk of breast cancer, especially 
among postmenopausal women. However, the observed association with an increased risk of stage I cancer should 
be interpreted with caution. Further prospective studies are needed to establish causality.

Key Words: Bariatric surgery; Metabolic surgery; Obesity surgery; Roux-en-Y gastric bypass; Breast cancer; Female-specific 
cancer; Obesity-related cancer; Gastric bypass surgery; Meta-analysis

Core Tip: Obesity is a well-established risk factor for breast cancer. Although bariatric surgery is an effective intervention for 
long-term weight management and metabolic improvement, its impact on breast cancer incidence remains unclear. Our 
systematic review and meta-analysis of 17 observational studies indicates that bariatric surgery is associated with an overall 
reduced risk of breast cancer in obese women. This protective effect was observed in both premenopausal and postmeno-
pausal women, though it was more pronounced in the latter group. However, the observational design precludes establishing 
causality. An observed increased risk of stage I cancer requires cautious interpretation. These findings offer a new per-
spective on the potential role of bariatric surgery in reducing breast cancer risk.
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INTRODUCTION
Obesity has become a global public health crisis. Currently, approximately 15% of the population is obese[1], and 
projections indicate that this figure will rise to 20% by 2030[2]. Obesity is closely associated with cardiovascular disease 
and type 2 diabetes. It is also a confirmed risk factor for several cancers, including breast, colorectal, and endometrial 
cancers[3,4]. Breast cancer is the most common malignant tumor in women and the fourth leading cause of cancer-related 
deaths[5,6].

The relationship between obesity and breast cancer is complex and multifaceted. Notably, this relationship varies 
based on menopausal status[7]. Studies indicate that obesity is a clear risk factor for postmenopausal women[8,9]. 
However, its impact on premenopausal women is controversial[10]. Some studies suggest a protective effect[11], while 
others find no significant association[12,13]. These discrepancies highlight the complexity of obesity’s influence on breast 
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cancer risk.
Bariatric surgery is currently the most effective treatment for severe obesity. It achieves long-term weight loss and 

significantly improves metabolic syndrome[14,15]. Recent studies suggest that bariatric surgery may reduce the incidence 
and mortality of certain cancers, especially hormone-related cancers, by altering metabolic and hormonal pathways[16,
17]. However, studies examining the impact of bariatric surgery on breast cancer risk in women are limited, and existing 
conclusions are inconsistent. Some studies support its role in reducing breast cancer risk[18,19], while others suggest that 
it only affects specific subtypes[20,21]. Furthermore, other research has failed to observe a significant protective effect[22]. 
Due to the persistently rising global prevalence of obesity and the growing popularity of bariatric surgery, it is crucial to 
compile and evaluate existing evidence on this topic systematically. This systematic review and meta-analysis aims to 
quantitatively synthesize existing studies to clarify the strength of the association between bariatric surgery and breast 
cancer incidence in women. The review will also explore potential sources of heterogeneity and address important 
questions. Ultimately, the review will provide updated, evidence-based support for optimizing primary prevention 
strategies and clinical decision-making regarding breast cancer in obese women.

MATERIALS AND METHODS
This study was conducted as a systematic review in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. The study protocol was registered on the PROSPERO platform with 
the registration number 1234543.

Identification of research questions
Does bariatric surgery affect the incidence of breast cancer in women?

Identification of relevant types of evidence
Information librarians conducted a systematic search of professional databases, including PubMed, EMBASE, MEDLINE, 
CBM, CNKI, Google Scholar, Scopus, Wiley, Web of Science, Cochrane, and ScienceDirect. They also searched the 
preprint platforms medRxiv and bioRxiv for gray literature and manually traced the reference lists of the included 
studies to ensure comprehensive retrieval. The search employed Boolean operators and keyword combinations such as 
“bariatric surgery”, “Roux-en-Y gastric bypass (RYGB)”, “metabolic surgery”, and “breast cancer”, as well as their 
relevant synonyms. The final search was conducted on September 10, 2025. There were no restrictions based on 
publication language or date. All original studies published online that reported on the incidence of breast cancer in 
women after bariatric surgery were included. News reports, case reports, animal studies, and studies with incomplete 
data were excluded. Studies were included if their abstracts provided sufficient data for extraction and analysis.

Study selection
Two investigators conducted the research screening independently and resolved any discrepancies through negotiation 
or third-party arbitration. The inclusion and exclusion criteria were predefined. The study population consisted of adult 
women undergoing bariatric surgery. The primary outcome was the incidence of breast cancer. Secondary outcomes 
included menopausal status, hormone receptor status, and tumor staging. In cases of duplicate publications[23-26], the 
study with the longest follow-up duration or the most complete data was included[24,26].

Data charting
The initial search yielded 2538 relevant publications. Of those, 2536 were found through database searches, and two were 
added manually. After removing duplicates and conducting a preliminary screening based on titles and abstracts, 89 
publications remained for full-text reading and evaluation. Ultimately, this systematic review and meta-analysis included 
17 studies[18,19,21,22,24,26-37]. Figure 1 shows the PRISMA flow diagram illustrating the literature screening and 
inclusion process. Two researchers independently extracted data from the included studies. The extracted information 
included the first author, study design, type of surgery, and the patients’ baseline demographic and clinical character-
istics. It also included the main conclusions of each study. All extracted information was cross-checked, systematically 
categorized, and summarized in Table 1.

Risk of bias assessment
Two independent reviewers assessed the risk of bias in each observational study using the Risk of Bias in Non-
Randomized Studies of Interventions tool. Any disagreements were resolved through discussion. They evaluated the 
quality of the evidence using the Grading of Recommendations, Assessment, Development and Evaluation approach. For 
observational studies, the initial quality was set as “low” and adjusted based on various factors. Additionally, we 
constructed funnel plots and performed a Begg’s test to assess publication bias.

Statistical analysis
Data analysis was performed using Microsoft Excel and RevMan (version 5.3) software. For the meta-analysis of 
dichotomous variables, we used the DerSimonian-Laird random-effects model to calculate the relative risk (RR) and its 
95% confidence interval (CI). A minimum of three studies was required for pooling. Statistical significance was set at P < 
0.05. Heterogeneity among the studies was quantified using the I2 statistic, where 0% indicates no observed heterogeneity 
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Table 1 Characteristics of the studies included in the meta-analysis

Follow-
up period

Sample 
size

Female 
(%)

Mean age 
(years), 
mean ± SD

BMI 
(kg/m2)

Breast cancer 
risk, n (%)

Surgery Surgery Surgery Surgery Surgery Surgery
Ref. Country of 

origin Study design Time period

Control Control Control Control Control Control

Type of 
bariatric 
surgery (%)

Main findings HR (95%CI)

345 174 (50.4) 51.0 ± 11.0 37.5 ± 4.8 2 (0.011)1 SG: 83.2, RYGB: 
14.2, AGB: 2.6

0.394 (0.048-1.424)Wei et al[22], 
2021

Hong Kong 
SAR, China

Retrospective 
cohort study

2006-2017 37 months

1599 787 (49.2) 51.7 ± 12.8 36.9 ± 6.3 13 (0.017)1

Bariatric surgery does not 
significantly impact the incidence of 
breast cancer

0.521 (0.277-0.891)

557892 44073 
(79.0)

43.1 ± 14.1 501 (0.9) NA 0.753 (0.678-0.836)Chittajallu et 
al[27], 2023

United States Retrospective 
cohort study

2002-2022 10 years

557892 43990 
(78.9)

44.6 ± 15.3

> 35

751 (13.5)

The incidence rate of new breast 
cancer cases was significantly lower 
among obese adults who had 
undergone bariatric surgery 
compared to those who had not

12724 12724 
(100.0)

45.09 ± 0.98 99 (0.79)3 NADoumouras 
et al[28], 2022

Canada Retrospective 
population-based, 
matched cohort 
study

From January 
2010 to 
December 2016

9 years

12724 12724 
(100.0)

45.02 ± 1.08

> 35

133 (1.09)3

Bariatric surgery is associated with a 
reduced incidence of breast cancer 
and lower tumor grade in obese 
women

0.81 (0.69-0.95)

Premenopausal 
65

Premenopausal 
072 (0.54-0.94)

47.5 ± 23.2 
months

17998 17998 
(100.0)

44.6 ± 11.1 44.6 ± 6.6

Postmenopausal 
68

SG: 27.0, RYGB: 
61.3, AGB: 5.6

Postmenopausal 
055 (0.42-0.72)

Premenopausal 
236

Overall 063 (0.52-
0.76)

Feigelson et al
[24], 2020

United States Retrospective 
cohort study

From January 
1, 2005 to 
December 31, 
2012

40.8 ± 24.7 
months

53889 53889 
(100.0)

44.7 ± 11.0 44.1 ± 6.2

postmenopausal 
331

Bariatric surgery is associated with a 
reduced risk of breast cancer in both 
premenopausal and postmenopausal 
women

1035 679 (65.6) 45.1 ± 11.6 NA 12 (1.16) RYGB: 81.3, 
VGB: 18.7

0.17 (0.098-0.311)Christou et al
[29], 2008

Canada Observational 
cohort study

From January 
1986 to June 
2002

5 years

5746 3678 
(64.0)

46.7 ± 13.1 NA 362 (6.31)

Patients in the bariatric surgery group 
had a lower incidence of breast cancer 
than those in the control group

NA 696 696 
(100.0)

60.7 ± 10.0 32.4 ± 6.5 29 (4.17) NA NATome et al
[21], 2025

Israel Retrospective 
cohort study

2012-2020

1164 116 
(100.0)

61.0 ± 10.1 38.6 ± 4.1 14 (12.10)

Bariatric surgery is associated with a 
reduced overall incidence of breast 
cancer

Prospective, 
matched, 

From 
September 1, 

AGB: 18.3, 
RYGB: 68.3, 

The bariatric surgery group showed a 
significantly reduced risk of breast 

Kristensson et 
al[26], 2024

Sweden 23.9 years 
(20.1-27.1)

1420 1420 
(100.0)

47.2 ± 6.0 42.8 ± 4.3 66 (4.65) 0.68 (0.49-0.94)
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VGB: 13.4intervention study 1987, to 
January 31, 
2001 1447 1447 

(100.0)
48.8 ± 6.3 40.7 ± 4.6 88 (3.32)

cancer compared with the conven-
tional treatment group

Premenopausal 
49

Premenopausal 
093 (0.63-1.37)

12.3 ± 5.7 
years

6596 5654 
(85.7)

38.9 ± 10.3 44.9 ± 7.6

Postmenopausal 
24

RYGB: 100.0

Postmenopausal 
096 (0.57-1.63)

Premenopausal 
65

Overall 091 (0.67-
1.24)

Adams et al
[30], 2009

United States Retrospective 
cohort study

1984-2002

11.8 ± 5.6 
years

9442 7872 
(83.4)

39.1 ± 10.7 47.4 ± 6.5

Postmenopausal 
40

Gastric bypass surgery may reduce 
the overall incidence of cancer, but it 
does not affect breast cancer cases in 
premenopausal or postmenopausal 
women

49096 36533 
(74.5)

NA 179 (0.36)6 RYGB: 72.4, 
restrictive: 220, 
other: 5.6

0.81 (0.69-0.95)Tao et al[31], 
2020

Denmark, 
Finland, 
Iceland, 
Norway, and 
Sweden

Retrospective 
cohort study

From January 
1, 1980 to 
December 31, 
2012

33 years5

472067 318,596 
(67.5)

≥ 18 

NA 3328 (0.70)7

Women experience a reduced risk of 
breast cancer after bariatric surgery

NA 279171 215078 
(77.04)

43.9 ± 25.2 NA 95 (0.04) NA 0.07 (0.06-0.09)Desai et al
[32], 2022

United States Retrospective 
cohort study

1999-2014

NA 7393337 4758352 
(64.36)

54.9 ± 36.4 NA 35181 (0.74)

Patients with morbid obesity who 
undergo bariatric surgery have a 
significantly lower risk of developing 
breast cancer

Premenopausal 
123

Premenopausal 
072 (0.54-0.95)

21837 17271 
(100.0)

42.2 ± 11.7 46.0 ± 8.3

Postmenopausal 
249

AGB: 11.8, 
RYGB: 71.1, 
duodenal switch: 
3.9, SG: 13.1 Postmenopausal 

0.79 (0.64-0.97)

Premenopausal 
157

NA

Adams et al
[18], 2023

United States Retrospective 
cohort study

1982-2019 38 years5

21837 17271 
(100.0)

42.3 ± 11.9 46.2 ± 6.8

Postmenopausal 
302

Women who underwent bariatric 
surgery were significantly less likely 
to develop breast cancer than those 
who did not, including both pre- and 
postmenopausal cases

8794 7069 
(80.4)

42.0 (35.0-
50.0)7

NA 61 (0.86) RYGB: 56.6, 
VGB: 33.6, SG: 
9.8

0.25 (0.19-0.33)Mackenzie et 
al[33], 2018

United 
Kingdom

Retrospective 
population-based, 
matched cohort 
study

1997-2012 55 (30-94) 
months7

8794 7069 
(80.4)

42.0 (35.0-
50.0)7

NA 239 (3.38)

Patients who underwent bariatric 
surgery had a reduced risk of 
developing breast cancer compared to 
those who did not undergo the 
surgery

3.0 (range 
1-16) years

39474 30436 
(76.6)

44.8 NA 101 (0.33) Restrictive: 520, 
other: 48.0

SIR, 0.76 (0.62-
0.92)

Aravani et al
[34], 2018

United 
Kingdom

Retrospective 
population-based, 
matched cohort 
study

1997-2013

2.5 (range 
1-16) years 

962860 606005 
(62.9)

53.1 NA 3086 (0.51)

Bariatric surgery and subsequent 
weight loss are associated with a 
reduced risk of developing breast 
cancer SIR 1.08 (1.04-1.11)
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6.0 (2.6-
10.8)7

24302 2430b 
(100.0)

42.0 (35.0-
51.0)7

48.0 
(43.0-
53.0)7

17 (0.70) GB: 11.9, RYGB: 
79.4, SG: 7.5, 
other 1.2

NAHassinger et 
al[35], 2019

United States Retrospective 
propensity-
matched cohort 
study

1985-2015

5.0 (3.6-
10.3)7

24302 2430b 
(100.0)

42.0 (31.0-
53.0)7

47.1 
(40.6-
55.5)7

32 (1.31)

The rate of breast cancer of any type 
among female patients who 
underwent bariatric surgery was 
lower than that observed among 
propensity-matched controls

5 years 13852 13852 
(100.0)

45.1 ± 10.8 NA 103 (0.74) NA 1.40 (1.18-1.57)3Doumouras 
et al[36], 2023

Canada Retrospective 
matched cohort 
study

From January 
1, 2010 to 
December 31, 
2016 5 years 55408 55408 

(100.0)
45.1 ± 10.9 NA 556 (1.00)

Bariatric surgery is associated with a 
reduced risk of breast cancer in obese 
women, bringing their risk level 
comparable to that of women with a 
BMI below 25

7.7 ± 3.39 
years

68424 51733 
(75.7)

40.5 ± 11.13 41.8 ± 
5.62

60 (0.12) RYGB: 80.90, SG: 
19.10

IRR 0.78 (0.71-
0.86)

Stenberg et al
[19], 2025

Sweden Retrospective 
matched cohort 
study

From January 
1, 2007 to 
December 31, 
2020 7.8 ± 3.39 

years
640944 478857 

(74.7)
40.1 ± 11.07 NA 707 (0.15)

The overall cancer incidence risk after 
bariatric surgery has approached that 
of the general population, and the risk 
of breast cancer has decreased

55781 55781 
(100.0)

NA NA 834 (1.50) GB: 26.79, RYGB: 
43.98, SG: 11.33, 
other 18.06

NATsui et al[37], 
2021

United States Retrospective 
matched cohort 
study

2006-2012 10 years

247102 247102 
(100.0)

NA NA 4313 (1.75)

Patients who underwent bariatric 
surgery had a lower incidence of 
breast cancer compared with obese 
patients who did not undergo the 
procedure

1Breast and genital organs.
2After matching.
3After a 1-year lag period.
4All patients underwent surgery for breast cancer.
5The longest follow-up period.
6Includes male patients.
7Listed as median (interquartile range).
HR: Hazard ratio; CI: Confidence interval; SG: Sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass; AGB: Adjustable gastric band; NA: Not available; VBG: Vertical banded gastroplasty; GB: Gastric banding; SIR: Standardized 
incidence ratio; IRR: Incidence rate ratio; BMI: Body mass index.

and higher values represent greater heterogeneity. An I2 value greater than 50% was considered indicative of substantial 
heterogeneity. Pre-specified subgroup analyses were conducted based on menopausal status, tumor stage, and hormone 
receptor status.

RESULTS
Characteristics of studies
A total of 17 observational studies were included. Sixteen of these were retrospective cohort studies, and one was a 
prospective, non-randomized, matched cohort study derived from the Swedish obese subjects study[26]. These studies 
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Figure 1  Literature screening and inclusion PRISMA flowchart.

were conducted in North America, Europe, and parts of Asia, including the United States, the United Kingdom, Canada, 
Sweden, other Nordic countries, Israel, and Hong Kong, China. The total sample size was 10580993, 67.4% of whom were 
women. Of the female patients, 513601 underwent bariatric surgery, and 6615593 were in the control group. The largest 
study used the United States National Inpatient Sample database, enrolling 7672508 morbidly obese patients[32]. The 
earliest study inception date was 1980[31], and the longest follow-up period was 38 years[18].

Thirteen studies reported on specific surgical procedures, primarily RYGB, sleeve gastrectomy, and gastric banding, 
including vertical banded gastroplasty and adjustable gastric banding. Other or unclassified procedures were also 
included. Three of these studies conducted additional stratified analyses based on surgical type[19,33,37]. Three studies 
conducted subgroup analyses based on menopausal status, but their conclusions were inconsistent. Two of the studies 
suggested that bariatric surgery could lower the risk of breast cancer in both premenopausal and postmenopausal women
[18,24]. However, the third study found no significant effect[30].

A total of four studies examined staging information at the time of breast cancer diagnosis in 47004 patients who 
underwent bariatric surgery and 171455 control subjects (Table 2). Two studies used the 0-IV staging system[24,35] and 
two used the I-IV system[28,36]. All four studies showed no statistically significant difference in breast cancer stage distri-
bution between the surgical and control groups. These four studies provided hormone receptor status data but reached 
different conclusions. Two of the studies suggested that the incidence of hormone receptor-positive breast cancer was 
significantly lower in the bariatric surgery group than in the nonsurgical group[28,35]. The other two studies observed no 
differences between the groups[24,36]. Additionally, one study analyzed patients who had undergone breast cancer 
surgery[21], and another conducted a stratified analysis based on baseline body mass index (BMI)[36]. Of the 17 included 
studies, 15 concluded that bariatric surgery reduces the risk of developing breast cancer, while two found no significant 
association[22,30].

Meta-analysis results
Impact on overall breast cancer incidence and menopausal status: A meta-analysis using a random-effects model 
revealed a significant correlation between undergoing bariatric surgery and a reduced risk of developing breast cancer 
(RR = 0.52; 95%CI: 0.38-0.71; P < 0.00001). However, substantial heterogeneity was observed among the studies (I2 = 98%). 
The subgroup analysis was based on data from three studies examining the incidence of premenopausal and postmeno-
pausal breast cancer[18,24,30]. These studies included a total of 119955 patients who underwent bariatric surgery and 
79032 control subjects. Significant reductions in breast cancer risk were observed among premenopausal (RR: 0.84; 95%CI: 
0.72-0.99; P = 0.04) and postmenopausal (RR: 0.75; 95%CI: 0.60-0.92; P = 0.006) women. The reduction was greater for 
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Table 2 Characteristics of breast cancer in surgical and non-surgical groups, n (%)

Ref. Arm Incident breast 
cancer Stage at diagnosis ER+ breast cancer PR+ breast cancer HER2+ breast 

cancer

Stage 1: 59 (66.3) ER+: 47 (64.8) PR+: 43 (59.1) HER2+: 6 (8.0)

Stage 2: 24 (27) ER-: 6 (9.1) PR-: 10 (14.8) HER2-: 46 (63.6)

Surgery 99 (0.79)1

Stage 3 and 4: 6 (6.7) Unknown: 22 (26.1) Unknown: 22 (26.1) Unknown: 23 (28.4)

Stage 1: 69 (60.5) ER+: 54 (61.8) PR+: 47 (54.5) HER2+: 12 (12.2)

Stage 2: 35 (30.7) ER-: 7 (8.1) PR-: 14 (15.4) HER2-: 44 (51.2)

Control 133 (1.09)1

Stage 3 and 4: 10 (8.8) Unknown: 35 (30.1) Unknown: 35 (30.1) Unknown: 40 (36.6)

Doumouras et al[28], 
2022

P value 0.423 0.045 0.041 0.012

Stage 0: 32 (24.1) ER+: 111 (83.5) PR+: 98 (73.7)

Stage 1: 58 (43.6) ER-: 19 (14.3) PR-: 19 (14.3)

Stage 2: 36 (27.1) Unknown: 3 (2.2) Unknown: 16 (12.0)

Surgery 133 (0.7)

Stage 3 and 4: 7 (5.3)

Stage 0: 120 (21.2) ER+: 453 (79.9) PR+: 380 (67.0)

Stage 1: 211 (37.2) ER-: 91 (16.0) PR-: 89 (15.7)

Stage 2: 164 (28.9) Unknown: 23 (4.1) Unknown: 98 (17.3)

Control 567 (1.1)

Stage 3 and 4: 67 
(11.8)

Feigelson et al[24], 
2020

P value 0.20 0.60 0.60

Stage 0: 2/11 (18.2) ER+: 4/11 (36.4) PR+: 5/11 (45.5) HER2+: 3/11 (27.3)

Stage 1: 7/11 (63.6) ER-: 7/11 (63.6) PR-: 6/11 (54.5) HER2-: 8/11 (72.7)

Stage 2: 2/11 (18.2)

Surgery 17 (0.7)

Stage 3 and 4: 0 (0)

Stage 0: 7/29 (24.1) ER+: 22/31 (71.0) PR+: 22/31 (71.0) HER2+: 2/31 (6.5)

Stage 1: 12/29 (41.4) ER-: 9/31 (29.0) PR-: 9/31 (29.0) HER2-: 29/31 (93.5)

Stage 2: 7/29 (24.1)

Control 32 (1.3)

Stage 3 and 4: 3/29 
(10.4)

Hassinger et al[35], 
2019

P value 0.53 0.04 0.13 0.07

Stage 1: 273 (55.4) ER+: 48/76 (63.2) PR+: 43/76 (56.6) HER2+: 6/76 (7.9)

Stage 2: 156 (31.6) ER-: 5/76 (6.5) PR-: 10/76 (13.2) HER2-: 46/76 (60.5)

Surgery 103 (0.74)

Stage 3 and 4: 64 
(13.0)

Unknown: 23/76 
(30.3)

Unknown: 23 (30.3) Unknown: 24/76 
(31.6)

Stage 1: 60 (67.4) ER+: 232/406 (57.1) PR+: 207/406 (51.0) HER2+: 52/406 (12.8)

Stage 2: 24 (27.0) ER-: 48/406 (11.8) PR-: 73/406 (18.0) HER2-: 221/406 (54.4)

Control 556 (1.00)

Stage 3 and 4: 5 (5.6) Unknown: 126/406 
(31.0)

Unknown: 126/406 
(31.0)

Unknown: 133/406 
(32.8)

Doumouras et al[36], 
2023

P value 0.29 0.94 0.9 0.65

1After a 1-year lag period.
Descriptive tumor characteristics are not available for all breast cancer patients. ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal 
growth factor receptor 2.
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postmenopausal women (25% vs 16%), and the heterogeneity was low (I2 = 0% and I2 = 44%, respectively). Figure 2 shows 
the overall impact of bariatric surgery on breast cancer incidence, with subgroup analyses conducted according to 
menopausal status.

Impact on the risk of breast cancer at different stages: A stratified analysis of data from four studies (comprising 47004 
bariatric surgery patients and 171455 control participants) concerning breast cancer staging at diagnosis revealed an 
increased risk of stage I breast cancer (RR: 1.18; 95%CI: 1.06-1.32; P = 0.003) and a decreased risk of stages III-IV (RR: 0.50; 
95%CI: 0.31-0.82; P = 0.006) following bariatric surgery. However, there was no significant effect on the risk of stage II 
breast cancer (RR: 0.89; 95%CI: 0.73-1.10; P = 0.28). No heterogeneity was detected in any staging analysis (I2 = 0%). Due 
to the limited availability of stage 0 breast cancer data (only two studies provided such information), a combined analysis 
for this stage could not be performed. Figure 3 illustrates the association between bariatric surgery and the risk of 
developing breast cancer at different stages.

Impact on hormone receptor status: Four studies examined the impact of bariatric surgery on estrogen receptor, proges-
terone receptor, and human epidermal growth factor receptor 2 expression in individuals newly diagnosed with breast 
cancer. A stratified analysis of patients with available receptor status data (295 in the surgical group and 1100 in the 
control group) revealed that bariatric surgery did not significantly impact the likelihood of developing estrogen receptor-
positive, progesterone receptor-positive, or human epidermal growth factor receptor 2-positive (HER2+) breast cancer. 
The respective RR were 1.06 (95%CI: 0.96-1.16, P = 0.26), 1.10 (95%CI: 1.00-1.21, P = 0.06), and 0.93 (95%CI: 0.37-2.35, P = 
0.88), with respective heterogeneity indices of I2 = 14%, 0%, and 56%, respectively. Figure 4 shows the effects of bariatric 
surgery on hormone receptor status using a random-effects meta-analysis and a forest plot. Due to the small sample size 
and high level of heterogeneity among the studies, a subgroup analysis of the type of bariatric surgery was not conducted 
(only three studies addressed this topic[19,33,37]).

Bias risk assessment and evidence quality evaluation
The included studies exhibited a moderate to high risk of bias in the confounding and selection domains due to their 
retrospective designs. These designs prevented researchers from fully controlling for confounding factors. Figure 5A 
provides a detailed Risk of Bias in Non-Randomized Studies of Interventions risk-of-bias assessment for each study, and 
Figure 5B illustrates these assessments. The funnel plot (Figure 6) revealed asymmetry (Begg’s test, P < 0.05), which 
suggests the presence of publication bias. Since all of the included studies were observational, the initial quality was rated 
as “low”. However, due to consistent effect sizes and large sample sizes, the overall quality of the evidence was upgraded 
to “moderate”.

DISCUSSION
What is the relationship between bariatric surgery and breast cancer risk in women?
This systematic review and meta-analysis of 17 observational studies examined the relationship between undergoing 
bariatric surgery and the likelihood of developing breast cancer. The analysis indicates that bariatric surgery is associated 
with a significant reduction in overall breast cancer risk, with a potentially stronger protective effect observed in 
postmenopausal women. However, the studies also revealed a paradoxical finding: Despite the overall reduction in risk, 
the incidence of stage I breast cancer increased in the surgical group.

Previous studies have confirmed that bariatric surgery significantly reduces the overall incidence of obesity-related 
cancers[17,36,38]. For example, Doumouras et al[36] demonstrated that this surgery lowers the risk of breast cancer in 
obese women to levels comparable with those of normal-weight individuals (BMI < 25). Although some studies showed 
heterogeneity, the majority of the studies included in this review, as well as the review’s overall findings, support the 
protective effect of bariatric surgery against breast cancer. However, there is some divergence in conclusions across 
different studies. For example, Wei et al’s study[22], based on data from Hong Kong, China, revealed that surgery did not 
significantly affect the incidence of breast cancer. The researchers attributed this discrepancy to racial or regional factors
[22]. Similarly, Adams et al[30] observed no significant effect of gastric bypass surgery on breast cancer incidence, 
attributing this to factors such as limited sample size, healthy user bias, and short follow-up duration. These discrep-
ancies suggest that the association between bariatric surgery and breast cancer risk may be modulated by multiple 
factors, including population characteristics, surgical techniques, follow-up duration, and methodological differences.

It should be noted that the current evidence is limited by the observational design of the included studies, substantial 
heterogeneity between the studies, and a moderate to high risk of bias. Therefore, more rigorous research designs and 
stronger bias control are needed to validate this association in future studies.

Why does bariatric surgery reduce the overall risk of breast cancer?
Bariatric surgery primarily reduces the risk of breast cancer by interacting with multiple physiological pathways. The 
procedure focuses on weight reduction, metabolic improvement, and hormone regulation. It decreases the volume of 
adipose tissue, the primary site of estrogen synthesis. This lowers estrogen levels and improves insulin resistance[39,40]. 
Hyperinsulinemia is considered one of the key mechanisms of this improvement[26]. Additionally, the procedure may 
influence gut microbiota composition by altering gastrointestinal architecture, thereby modulating systemic inflammation 
and estrogen metabolism[41]. These changes create a metabolic and immune microenvironment that is unfavorable for 
tumorigenesis, thereby exerting a preventive effect against hormone-sensitive breast cancers. However, the specific 
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Figure 2 Overall effect of bariatric surgery on breast cancer incidence risk: Random-effects meta-analysis and forest plot (including 
postmenopausal subgroup analysis). CI: Confidence interval.

molecular mechanisms and variations among different surgical approaches require further investigation.

Current challenges
Although evidence suggests that bariatric surgery may reduce the risk of breast cancer in obese women, the clinical 
applicability of this treatment and which populations would benefit from it are still controversial topics. This presents 
multiple challenges. Addressing these issues is essential to defining the role of bariatric surgery in primary cancer 
prevention and developing personalized intervention strategies.

Which group benefits more from bariatric surgery: Women who undergo the procedure before or after menopause? 
Menopausal status is a key factor in the preventive effects of bariatric surgery and exhibits physiological complexity and 
apparent paradoxes. This meta-analysis shows that bariatric surgery significantly reduces the risk of breast cancer in both 
premenopausal (RR: 0.84; 95%CI: 0.72-0.99; P = 0.04) and postmenopausal (RR: 0.75; 95%CI: 0.60-0.92; P = 0.006) women. 
A greater reduction was observed in the postmenopausal group (25% vs 16%). These results suggest that the benefits may 
be more pronounced in postmenopausal women. Mechanistically, obesity in premenopausal women is often 
accompanied by estrogen feedback inhibition, which provides a certain “protective effect”. In contrast, postmenopausal 
women rely on adipose tissue for estrogen synthesis. Bariatric surgery reduces fat mass, lowers aromatase activity, and 
improves insulin resistance, thereby exerting a stronger preventive effect on hormone receptor-positive breast cancer[42]. 
Although data suggest greater benefits from surgery after menopause, surgery before menopause may provide long-term 
advantages by promoting early metabolic improvements. Future research should explore how surgical intervention 
interacts with endocrine and tumor characteristics.
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Figure 3 Effect of bariatric surgery on breast cancer incidence risk by stage: Random-effects meta-analysis and forest plot for patients 
with stages I-IV. CI: Confidence interval.

Is there an association between bariatric surgery and the biological characteristics of breast cancer? This study found 
that bariatric surgery has different effects on the various stages of breast cancer. Specifically, it has been associated with 
an increased risk of stage I breast cancer (RR: 1.18; 95%CI: 1.06-1.32; P = 0.003) and a decreased risk of stages III-IV (RR: 
0.50; 95%CI: 0.31-0.82; P = 0.006). However, it has had no significant impact on stage II breast cancer risk (RR: 0.89; 95%CI: 
0.73-1.10; P = 0.28). Bariatric surgery is associated with an increased risk of stage I breast cancer (RR: 1.18). Previous 
studies have confirmed this association between bariatric surgery and stage I breast cancer[28,43]. However, this finding 
may reflect detection bias resulting from more intensive postoperative monitoring rather than the “carcinogenic effect” of 
bariatric surgery[44]. Specifically, earlier-stage cases were more frequently detected in the surgical group due to regular 
checkups. Meanwhile, the number of advanced-stage cases decreased thanks to early intervention. Regarding molecular 
subtypes, Heshmati et al[20] matched 42 patients with surgically confirmed breast cancer to 84 nonsurgical patients and 
found significantly lower HER2+ rates in the surgical group. These results suggest that bariatric surgery may modulate 
tumor molecular phenotypes. Of the four studies included in this review that addressed hormone receptor status, the 
results were inconsistent. Hassinger et al[35] found a higher proportion of estrogen receptor-positive tumors in the 
nonsurgical group. These results suggest that surgery may offer specific protection for the estrogen receptor-positive 
subtype. Doumouras et al’s findings[36] were similar to Heshmati et al[20] but different from Hassinger et al[35] (P < 0.05). 
This meta-analysis found no significant association between bariatric surgery and hormone receptor status (estrogen 
receptor-positive, progesterone receptor-positive, or HER2+). However, given the small sample sizes and high hetero-
geneity of the included studies, the current conclusions should be interpreted with caution. Future research with larger 
sample sizes is needed to clarify the impact of surgery on tumor biological characteristics.

Cancer patients and bariatric surgery: Traditional contraindication or new therapeutic pathway? How should clinicians 
make decisions for obese patients with a history of or current cancer? Studies indicate that patients with a history of 
malignancy achieve similar weight loss results as those with a new cancer diagnosis after bariatric surgery[45]. The 
procedure does not negatively impact tumor treatment and may facilitate early diagnosis through routine screening[46]. 
Parmar et al’s research[47] suggests that preoperative weight loss is an effective treatment strategy for low-grade, less 
invasive tumors. A retrospective study by Tome et al[21] showed that the incidence of postoperative breast cancer was 
significantly lower in the bariatric surgery group (4%, or 29 out of 696 patients) than in the obese control group (12%, or 
14 out of 116 patients). These findings suggest that bariatric surgery is not an absolute contraindication for obese patients 
with a history of cancer and may offer additional benefits. However, enhanced perioperative screening and individu-
alized assessment are essential.

Which type of surgery offers a greater risk-benefit ratio for breast cancer? Existing studies demonstrate inconsistencies 
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Figure 4 Effect of bariatric surgery on hormone receptor status: Random-effects meta-analysis and forest plot for breast cancer 
incidence risk in estrogen receptor-positive, progesterone receptor-positive, and human epidermal growth factor receptor 2-positive 
cases. CI: Confidence interval; HER2+: Human epidermal growth factor receptor 2-positive; PR+: Progesterone receptor-positive; ER+: Estrogen receptor-positive.

in the selection of surgical procedures. Of the 17 studies included in the analysis, only three conducted stratified analyses 
based on surgical technique. Mackenzie et al[33] found no significant differences among different surgical types. 
However, Stenberg et al[19] and Tsui et al[37] observed that RYGB surgery was more effective than sleeve gastrectomy at 
reducing the risk of breast cancer. The advantages of RYGB may stem from its stronger metabolic improvement effects. 
RYGB typically results in more significant weight loss, and sustained weight reduction is associated with decreased 
circulating hormone levels, such as estrogen. On the other hand, RYGB achieves higher remission rates for type 2 diabetes 
and may offer further protection by enhancing insulin sensitivity. Hyperinsulinemic states are known to correlate 
positively with the incidence of postmenopausal breast cancer[26]. However, this study did not perform subgroup 
analyses due to substantial heterogeneity among the studies and incomplete information on key covariates such as age, 
BMI, and tumor grade/type. Future research requires higher-quality, prospective data to explore stratified analyses that 
incorporate surgical type, patient baseline characteristics, and tumor molecular subtypes.

Strengths and limitations
This study is the largest and most comprehensive systematic review and meta-analysis examining the association 
between bariatric surgery and breast cancer risk. It provides a clear, representative perspective for obese women with 
various characteristics. As one of the few studies deeply exploring changes in breast cancer incidence following bariatric 
surgery, this study has several advantages. First, it is the first study to conduct pre-specified subgroup analyses across 
key dimensions such as menopausal status, hormone receptor expression, and breast cancer stage. The study revealed the 
protective effect of bariatric surgery on breast cancer risk, providing crucial theoretical foundations for guiding clinical 
practice in this field. Secondly, this study had a large sample size and a long follow-up period (with the longest lasting 
38 years). Furthermore, some studies employed multidimensional matching and propensity score methods to statistically 
adjust for various confounding factors, including comorbidities, socioeconomic status, history of cancer screening, and 
mental health conditions. These methods significantly enhanced the accuracy of effect estimates and the strength of 
causal inferences.

However, this study has several limitations. First, it was not possible to conduct subgroup analyses based on surgical 
type, age, baseline BMI, and other factors due to high heterogeneity and incomplete reporting of covariates in the original 
studies. In fact, only seven studies reported baseline BMI, and only six mentioned intergroup differences. Second, all of 
the included studies employed observational designs. Despite the use of multivariate adjustments, residual confounding 
factors such as healthy user bias and monitoring bias could not be entirely ruled out. This could lead to an overestimation 
of the protective effect. Additionally, some studies had small sample sizes and short follow-up periods (most of which 
were less than five years), resulting in limited statistical power that may underestimate long-term risks. Other limitations 
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Figure 5 Bias risk assessment and evidence quality evaluation diagram. A: Results of the risk of bias assessment for included studies; B: Risk of bias 
assessment diagram.

Figure 6 Publication bias analysis funnel plot. RR: Relative risk.

include missing reports on key confounding variables (e.g., lifestyle and family history), heterogeneity arising from 
evolving surgical techniques, a lack of postoperative weight dynamics data, and insufficient tumor molecular subtyping 
information. These factors hindered the exploration of the dose-response relationship between weight loss and risk, as 
well as the effects of biological subtypes. Finally, the results of the statistical analysis indicate that the study may be 
subject to potential bias. Therefore, current conclusions should be interpreted with caution.
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Social implications and future perspectives
The findings of this study have significant clinical and public health value. Obesity is a well-established risk factor for 
breast cancer. Bariatric surgery is an effective means of achieving long-term weight control, and numerous studies have 
demonstrated its ability to lower breast cancer risk. Our research indicates that bariatric surgery can significantly reduce 
breast cancer incidence in obese women. Although bariatric surgery is not currently recommended for cancer prevention, 
our results suggest its significant potential as a primary prevention strategy for managing breast cancer risk in obese 
women. Future research should focus on the dose-response relationship between weight loss and risk reduction. 
Additionally, researchers should develop precision intervention strategies based on patients’ metabolic characteristics, 
tumor subtypes, and genetic backgrounds. These strategies would optimize individualized prevention and treatment 
decisions.

CONCLUSION
This systematic review and meta-analysis indicates that bariatric surgery may reduce the overall risk of breast cancer in 
obese women. However, as the studies are based on observational data, a causal relationship cannot be confirmed. 
Furthermore, the finding of an increased risk of stage I disease should be interpreted with caution. Further prospective 
studies are necessary to distinguish between different breast cancer subtypes and investigate the relationship between 
weight loss and changes in risk.
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