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IMPORTANCE Excess adiposity confers higher risk of breast cancer for women. For women
who have lost substantial weight, it is unclear whether previous obesity confers residual
increased baseline risk of breast cancer compared with peers without obesity.

OBJECTIVES To determine whether there is a residual risk of breast cancer due to prior obesity
among patients who undergo bariatric surgery.

DESIGN, SETTING, AND PARTICIPANTS Retrospective matched cohort study of 69 260 women
with index date between January 1, 2010, and December 31, 2016. Patients were followed up
for 5 years after bariatric surgery or index date. Population-based clinical and administrative
data from multiple databases in Ontario, Canada, were used to match a cohort of women who
underwent bariatric surgery for obesity (baseline body mass index [BMI] �35 with comorbid
conditions or BMI �40) to women without a history of bariatric surgery according to age and
breast cancer screening history. Nonsurgical controls were divided into 4 BMI categories
(<25, 25-29, 30-34, and �35). Data were analyzed on October 21, 2021.

EXPOSURES Weight loss via bariatric surgery.

MAIN OUTCOMES AND MEASURES Residual hazard of breast cancer after washout periods of 1,
2, and 5 years. Comparisons were made between the surgical and nonsurgical cohorts overall
and within each of the BMI subgroups.

RESULTS In total, 69 260 women were included in the analysis, with 13 852 women in each of
the 5 study cohorts. The mean (SD) age was 45.1 (10.9) years. In the postsurgical cohort vs the
overall nonsurgical cohort (n = 55 408), there was an increased hazard for incident breast
cancer in the nonsurgical group after washout periods of 1 year (hazard ratio [HR], 1.40
[95% CI, 1.18-1.67]), 2 years (HR, 1.31 [95% CI, 1.12-1.53]), and 5 years (HR, 1.38 [95% CI,
1.21-1.58]). When the postsurgical cohort was compared with the nonsurgical cohort
with BMI less than 25, the hazard of incident breast cancer was not significantly different
regardless of the washout period, whereas there was a reduced hazard for incident breast
cancer among postsurgical patients compared with nonsurgical patients in all high BMI
categories (BMI �25).

CONCLUSIONS AND RELEVANCE Findings suggest that bariatric surgery was associated with a
reduced risk of developing breast cancer for women with prior obesity equivalent to that
of a woman with a BMI less than 25 and a lower risk when compared with all groups with BMI
greater than or equal to 25.

JAMA Surg. doi:10.1001/jamasurg.2023.0530
Published online April 12, 2023.

Invited Commentary

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Mehran
Anvari, MD, PhD, Division of General
Surgery, St Joseph’s Healthcare, 50
Charlton Ave East, Hamilton, ON L8N
4A6, Canada (anvari@mcmaster.ca).

Research

JAMA Surgery | Original Investigation

(Reprinted) E1

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Princeton Baptist Medical Center by Alanna Cole on 04/13/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.0530?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0530
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.0534?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0530
https://jamanetwork.com/journals/sur/fullarticle/10.1001/jamasurg.2023.0530?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0530
mailto:anvari@mcmaster.ca
Alanna
BBH Article Request Stamp



O besity rates continue to increase internationally. Risks
associated with increased adiposity have been well
documented, including increased risk of 13 types of

cancer.1-4 Specifically, breast cancer is linearly associated with
increased adiposity.5-7 Hypotheses for this interaction in-
clude obesity-related changes in both the insulin pathways and
circulating sex hormone levels.8,9 Because breast cancer is the
most common cancer among women, interventions to re-
duce the risk of breast cancer could yield significant public
health benefits.9

Although weight gain and obesity are associated with in-
creased risk of breast cancer, the associations of weight loss
with risk of breast cancer are poorly defined. Recent studies
have shown that weight loss via methods such as increased
physical activity and dietary changes may have no associa-
tion with breast cancer risk.8,10 However, studies including bar-
iatric surgery as the means to weight loss have shown a pro-
tective association between weight loss and breast cancer
risk,11-13 which may be due to the complex interplay of weight
loss, weight regain, hormone levels before and after meno-
pause, and the association with other risk factors, such as
diabetes.8,11,14 Additionally, data from large studies adjusting
for confounders such as breast cancer screening history are
lacking.10 Although there is evidence of a beneficial associa-
tion between surgical weight loss and breast cancer inci-
dence, it is not known whether prior obesity confers a re-
sidual risk compared with risk for otherwise similar individuals
without obesity.

Accordingly, the objective of this study was to examine
whether surgical weight loss was associated with an elevated
risk of breast cancer for women with obesity compared with
otherwise similar patients without obesity, as well as to de-
termine whether the strength of the association varied with
body mass index (BMI; calculated as weight in kilograms di-
vided by height in meters squared).

Methods
Overview of Study Design
Using a combination of clinical and administrative databases
in Ontario, Canada, we conducted a population-based matched
cohort study of weight loss and breast cancer risk. Study co-
horts included women with obesity who underwent bariatric
surgery compared with women without a history of bariatric
surgery, matched for age and breast cancer screening status.
The control cohort was subdivided into 4 BMI categories. The
primary outcome was incidence of breast cancer after a 1-year
washout period after the index date.

Setting
Created in 2009 by the Ontario Ministry of Health and Long-
Term Care, the Ontario Bariatric Network is the centralized de-
liverer of bariatric care in Ontario.15 Bariatric surgery in On-
tario is government funded, and access for eligibility is based
on referral from a primary care physician.16,17 To be eligible,
patients must meet the National Institute of Health criteria,
including a BMI greater than 40 or greater than 35 and obesity-

related comorbid conditions.18 In Ontario, Roux-en-Y gastric
bypass accounts for nearly 80% of the procedures per-
formed, whereas sleeve gastrectomy accounts for most of the
remaining procedures.

Study Cohort
The 2 main study cohorts were women who underwent bar-
iatric surgery from January 1, 2010, to December 31, 2016, and
women with no history of bariatric surgery, matched for age
and breast cancer screening status. Nonsurgical controls were
identified from the linked Electronic Medical Record Primary
Care database, which is composed of electronic medical rec-
ords from 43 community-based family practice clinics across
Ontario that have physician and patient characteristics that are
a purposeful sample representative of the Ontario popula-
tion. Nonsurgical controls were further subdivided into 4 cat-
egories based on BMI (<25, 25-29, 30-34, and ≥35). Women with
a history of breast cancer were excluded from both cohorts.
Linked databases were then used to obtain variables at an in-
dex date relevant to the study, including socioeconomic, clini-
cal, and health care use rates, which were obtained via an in-
dependent, nonprofit research institute, ICES. Under Ontario’s
health information privacy law, ICES’ legal status allows it to
collect and analyze health care and demographic data, with-
out informed consent, for health system evaluation and im-
provement. As such, this study did not require institutional re-
view board or ethics committee approval, nor did it require the
informed consent of study participants. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Matching Process and Covariates
Patients across the 5 cohorts (surgical and 4 BMI cohorts) were
matched in a 1:1 ratio for age (±3 years) and breast cancer screen-
ing status within 2 years of the index date, using greedy near-
est neighbor matching.19 The index date for the surgical co-
hort was the date of surgery, and the index date for the
nonsurgical cohort was the BMI measurement date. Covari-
ates included diabetes status, census-based neighborhood in-
come quintile, and measures of health care use. Screening sta-
tus was accounted for in a time-varying fashion in which
patients were considered screened if their prior screening was

Key Points
Question Is there an association between obesity
after weight loss and breast cancer risk?

Findings In this population-based, matched multiple cohort study
including 69 260 women with obesity, there was no residual risk
of breast cancer associated with weight loss after bariatric surgery,
and surgical weight loss was associated with reduced risk of breast
cancer development compared with maintaining body mass index
greater than 25.

Meaning Findings suggest that the association between
substantial weight loss and breast cancer risk is sustained and
appears to be associated with removal of the residual risk of
obesity for women.
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within 2 years of their screening date. The lookback window
for matching variables was 20 years; for clinical confounders,
5 years. Health care use had a lookback window of 1 year.

Outcomes
The primary outcome was the incidence of breast cancer af-
ter a 1-year washout period, with sensitivity analyses per-
formed with washout periods of 2 and 5 years. Secondary out-
comes were tumor characteristics and treatments undertaken
by women who developed breast cancer during study follow-
up. Cancer outcomes were determined from the Ontario Can-
cer Registry.20

Statistical Analysis
Statistical analysis was performed with SAS, version 9.4 (SAS
Institute Inc). Analysis of variance was used for continuous
variables and χ2 was used for categorical variables. Standard-
ized differences of a set threshold of 0.1 were used to assess
balance in the distribution of covariates and were used at this
time in the analysis because they are insensitive to sample
size.19 The primary outcome was assessed with extended
cause-specific Cox regression models, with death as a com-
peting event. Time-based interactions were used with the main
exposure at 1, 2, and 5 years into the regression model be-
cause we expected the association between surgery and can-
cer incidence to vary over time. Adjustments were made for
all covariates in Table 1 and each patient’s time-varying breast
cancer screening status during follow-up. Model assump-
tions, such as proportionality of hazards, were tested by

modeling residuals and by graphic observation of the depen-
dence coefficients on time. The statistical significance was set
a priori at α = .05, with 2-tailed P values. Data were analyzed
on October 21, 2021.

Results
The study cohort characteristics are shown in Table 1. Over-
all, 69 260 women were included in this analysis. There were
55 408 women in the nonsurgical cohort and 13 852 women in
the surgical cohort. Data on race and ethnicity were not col-
lected, as is typical in Canada. Within the nonsurgical cohort,
each of the 4 BMI subgroups included 13 852 women. The mean
(SD) age across the study population was 45.1 (10.9) years.
Groups were balanced for age, cancer history, and breast can-
cer screening status. Differences in baseline demographic
characteristics were present for the remaining characteris-
tics, including smoking history, diabetes history, and health
care use rates.

In total, 659 breast cancers were diagnosed in the study
population of 69 260 women (0.95%) during the study period.
In the BMI and surgical cohorts of 13 852 women each, there were
103 breast cancers in the surgical cohort (0.74%), 128 in the group
with BMI less than 25 (0.92%), 143 in the group with BMI 25 to
29 (1.03%), 150 in the group with BMI 30 to 34 (1.08%), and 135
in the group with BMI greater than or equal to 35 (0.97%). The
regression model results are presented in Table 2. When the ad-
justed hazard of developing breast cancer in the postsurgical

Table 1. Demographic Characteristics of Patientsa

Characteristic

Patients, No. (%)

P valueBMI <25 BMI 25-29 BMI 30-34 BMI ≥35 Surgery group Total

Age at index, mean (SD), y 45.0 (10.9) 45.1 (10.9) 45.2 (11.2) 45.2 (11.0) 45.1 (10.8) 45.1 (10.9) .63

New breast cancer 159 (1.1) 177 (1.3) 188 (1.4) 179 (1.3) 125 (0.9) 828 (1.2) .004

Smoking history 879 (6.3) 1037 (7.5) 1209 (8.7) 1195 (8.6) 1181 (8.5) 5501 (7.9) <.001

Diabetes history 309 (2.2) 602 (4.3) 1188 (8.6) 2194 (15.8) 4987 (36.0) 9280 (13.4) <.001

Cancer history 104 (0.8) 84 (0.6) 104 (0.8) 97 (0.7) 78 (0.6) 467 (0.7) .19

Rural 1538 (11.1) 2049 (14.8) 2618 (18.9) 2962 (21.4) 2141 (15.5) 11 308 (16.3) <.001

Neighborhood income quintile

1 1798 (13.0) 2081 (15.0) 2429 (17.5) 2757 (19.9) 3285 (23.7) 12 350 (17.8)

<.001

2 2224 (16.1) 2497 (18.0) 2604 (18.8) 2771 (20.0) 3224 (23.3) 13 320 (19.2)

3 2490 (18.0) 2754 (19.9) 2856 (20.6) 2854 (20.6) 2866 (20.7) 13 820 (20.0)

4 2994 (21.6) 3032 (21.9) 3032 (21.9) 2907 (21.0) 2560 (18.5) 14 525 (21.0)

5 4347 (31.4) 3489 (25.2) 2932 (21.2) 2564 (18.5) 1918 (13.8) 15 250 (22.0)

Health care use

Rate, mean (SD)

ED 0.70 (1.56) 0.88 (2.16) 1.16 (3.30) 1.45 (3.50) 2.11 (3.15) 1.26 (2.88) <.001

Hospitalization 0.41 (0.84) 0.46 (0.91) 0.53 (0.90) 0.60 (1.08) 1.51 (1.15) 0.70 (1.06) <.001

PCP 9.47 (12.49) 10.05 (9.66) 10.97 (13.13) 12.18 (11.82) 16.84 (12.83) 11.90 (12.33) <.001

Breast screening

2 y 3501 (25.3) 3501 (25.3) 3501 (25.3) 3501 (25.3) 3501 (25.3) 17 505 (25.3) >.99

Any 5380 (38.8) 5437 (39.2) 5281 (38.1) 5239 (37.8) 5327 (38.5) 26 664 (38.5) .11

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); ED, emergency department; PCP, primary care physician.
a A total of 69 260 women were included. The 4 BMI subgroups and the surgery group included 13 852 women each.
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group was compared with that of the entire nonsurgical cohort
(n = 55 408),thepostsurgicalgrouphadalowerriskofbreastcan-
cer development after a 1-year washout period (hazard ratio [HR],
1.40 [95% CI, 1.18-1.67]; P < .001), a 2-year washout period (HR,
1.31 [95% CI, 1.12-1.53]; P < .001), and a 5-year washout period
(HR, 1.38 [95% CI, 1.21-1.58]; P < .001). The unadjusted cumu-
lative incidence curve of incident breast cancer risk after a 1-year
washout period is presented in the Figure. When the postsurgi-
cal groups with different BMI categories after a 1-year washout
were compared, there was no difference in risk between the sur-
gical group and the group with BMI less than 25 (HR, 1.07
[95% CI, 0.89-1.28]; P = .10). However, for the BMI categories
greater than or equal to 25, the risk of breast cancer was increased
compared with the risk in the postsurgical group. Specifically,
compared with the surgical group, the group with BMI 25 to 29
had a 25% greater risk of breast cancer, the group with BMI 30
to 34 had a 42% greater risk, and the group with BMI less than
35 had a 35% greater risk. Similar results were observed after
sensitivity analyses for 2-year and 5-year washouts.

Tumor characteristics are presented in Table 3 for women
who developed breast cancer during study follow-up. Across
all cohorts, stage I cancers were most commonly diagnosed (65
for BMI <25, 76 for BMI 25-29, 65 for BMI 30-34, 67 for BMI
≥35, and 60 for the surgery group). Most tumors were me-
dium grade, estrogen receptor positive, progesterone recep-

tor positive, and ERBB2 (formerly HER2) negative. There were
no significant differences across the groups for the distribu-
tion of stage, grade, or hormone status data.

Table 4 presents the breast cancer treatments under-
taken according to BMI category. More than 93% of patients
underwent breast cancer surgery, including 98.1% in the bar-
iatric surgery group and 118 of 135 patients (87.4%) in the group
with the highest BMI. Distributions of radiation therapy,
chemotherapy, and endocrine therapy were not assessed for
statistical significance between the groups.

Discussion
This population-based study including 69 260 women dem-
onstrated that at 1-, 2-, and 5-year washout periods, weight loss
after bariatric surgery was associated with an observed breast
cancer risk reduction to a level equivalent to that of a woman
with a BMI less than 25 and a lower risk when compared with
all groups with BMI greater than or equal to 25. This finding
suggests that there is no major residual breast cancer risk as-
sociated with obesity for these patients. When compared with
all nonsurgical patients, the postbariatric surgery group also
had a lower hazard of developing breast cancer after a 1-year
washout and at each subsequent point compared with all
nonsurgical controls. Last, the distribution of cancer charac-
teristics was similar across the groups except for rate of cancer
surgery, which was highest in the bariatric surgery groups and
lowest in the group with BMI greater than or equal to 35. This
study was able to account for breast cancer screening in a time-
varying fashion, in addition to adjustments for other major risk
factors such as diabetes. Accordingly, this study addresses limi-
tations often encountered in weight loss and breast cancer risk
research. Taken together, these results demonstrate that the
protective association between substantial weight loss via bar-
iatric surgery and breast cancer risk is sustained after 5 years
following surgery and that it is associated with a baseline risk
similar to that of women with BMI less than 25.

Unfortunately, we did not have access to reliable follow-up
data on weight over time and therefore were unable to deter-
mine whether a dose-response association existed. Data else-
where in the literature suggest expected weight loss of 20% to
30% of total body weight after bariatric surgery in similar co-
horts, whereas nonsurgical groups tend to have stable weight
over time.20 However, evidence suggests that reductions in in-
cident breast cancer have been observed with sustained weight
loss of as little as 2 kg, with greater risk reductions with losses
greater than 5% of body weight.4,8,21 The findings in the litera-
ture are typically suggestive of a positive correlation between
weight loss and reduced risk of breast cancer, with greater weight
loss conferring more protection.6,21 Weight loss at any time in
premenopausal adulthood has been shown to provide a re-
duced risk of breast cancer, which is a time typically of weight
gain instead of weight loss.22 Taken together with the results
of this study, efforts for early interventions to reduce weight,
especially when weight gain is expected (such as in our popu-
lation with a mean [SD] age of 45.1 [10.9] years), may provide
the most effective method of reducing breast cancer risk.6

Table 2. Point Estimates for Incident Breast Cancer

Point estimate
HR (95% Wald
confidence limit) P value

HR for surgery vs nonsurgery matcheda

At 1 y 1.40 (1.18-1.67) <.001

At 2 y 1.31 (1.12-1.53) <.001

At 5 y 1.38 (1.21-1.58) <.001

HR for nonsurgery per BMI category
vs surgery at 1 y

BMI

<25 1.07 (0.89-1.28) .10

25-29 1.25 (1.06-1.49) <.001

30-34 1.42 (1.21-1.67) <.001

≥35 1.35 (1.15-1.59) .005

HR for nonsurgery per BMI category
vs surgery at 2 y

BMI

<25 1.20 (0.99-1.47) .48

25-29 1.32 (1.09-1.60) <.001

30-34 1.54 (1.28-1.85) <.001

≥35 1.47 (1.23-1.77) .008

Adjusted HR for nonsurgery
per BMI category vs surgery at 5 y

BMI

<25 1.31 (0.94-1.82) .19

25-29 1.42 (1.03-1.96) <.001

30-34 1.63 (1.20-2.23) <.001

≥35 1.55 (1.13-2.12) <.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); HR, hazard ratio.
a Adjusted.
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Mechanistic studies investigating the reduced risk of breast
cancer among women with sustained weight loss have dem-
onstrated associations with the reduction in circulating sex hor-
mones after weight loss.1,21,23,24 Studies have shown that not

only are circulating levels of endogenous estrogens posi-
tively associated with BMI and breast cancer risk but also these
levels and the associated breast cancer risk respond to a de-
crease in weight.1,21,23,24 This finding is further reinforced by

Table 3. Characteristics of Breast Cancersa

Characteristic

No. (%) of patients

P valueBMI <25 BMI 25-29 BMI 30-34 BMI ≥35 Surgery Total

Stage

I 65 (56.0) 76 (57.1) 65 (50.4) 67 (58.3) 60 (67.4) 333

.29
II 41 (35.3) 40 (30.1) 42 (32.6) 33 (28.7) 24 (27.0) 180

III <10 14 (10.5) 14 (10.9) <10 <10 48

IV <5 <5 <10 <10 <5 21

Grade

Low 12 (17.6) 9 (11.8) 7 (9.2) 9 (13.2) 17 (30.9) 54

.07
Medium 24 (35.3) 36 (47.4) 32 (42.1) 30 (44.1) 23 (41.8) 145

High 17 (25.0) 21 (27.6) 23 (30.3) 21 (30.9) 10 (18.2) 92

Unknown 15 (22.1) 10 (13.2) 14 (18.4) <10 <10 52

ER status

Positive 55 (56.7) 61 (56.0) 60 (58.3) 56 (57.8) 48 (63.2) 280

.94Negative 13 (13.4) 12 (11.0) 13 (12.6) <10 <10 53

Unknown 29 (29.9) 36 (33.0) 30 (29.1) 31 (32.0) 23 (30.3) 149

PR status

Positive 49 (50.5) 55 (50.5) 51 (49.5) 52 (53.6) 43 (56.6) 250

.90Negative 19 (19.6) 18 (16.5) 22 (21.4) 14 (14.4) 10 (13.2) 83

Unknown 29 (28.9) 36 (33.0) 30 (29.1) 31 (32.0) 23 (30.3) 149

ERBB2 (formerly HER2) status

Positive 15 (14.0) 10 (9.2) 17 (16.5) 10 (10.3) 6 (7.9) 58

.65Negative 53 (49.5) 60 (55.0) 54 (52.4) 54 (55.7) 46 (60.5) 267

Unknown 29 (27.1) 39 (35.8) 32 (31.1) 33 (34.0) 24 (31.6) 157

Abbreviations: BMI (calculated as weight in kilograms divided by height in meters squared); ER, estrogen receptor; PR, progesterone receptor.
a The privacy policy for the data use agency prohibits the publication of cells with fewer than 5 patients.

Figure. Unadjusted Cumulative Incidence Curve of Incident Breast Cancer Risk After a 1-Year Washout Period
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In total, 659 breast cancers were
diagnosed in the study population of
69 260 women (0.95%) during the
study period: 103 in the surgical
cohort (0.74%), 128 in the group with
body mass index (BMI; calculated as
weight in kilograms divided by height
in meters squared) less than 25
(0.92%; hazard ratio [HR], 1.25;
95% CI, 0.97-1.62), 143 in the group
with BMI 25 to 29 (1.03%; HR, 1.39;
95% CI, 1.08-1.80), 150 in the group
with BMI 30 to 34 (1.08%; HR, 1.46;
95% CI, 1.14-1.88), and 135 in the
group with BMI greater than or equal
to 35 (0.97%; HR, 1.31; 95% CI, 1
[Reference]). Gray K-sample test
P = .04. Median (95% CI) values
were not estimable.
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a 2020 study demonstrating a reduced incidence of breast can-
cer after weight loss that found a stronger association among
women not receiving hormone therapy in the postmeno-
pausal period compared with those who did,21 which further
strengthens the association between increased breast cancer
risk and higher circulating estrogen levels in women with obe-
sity and those receiving hormone therapy.21,24 Additional
mechanisms of reduced risk include changes in inflamma-
tory markers, such as C-reactive protein, interleukin 6, and tu-
mor necrosis factor, as well as changes in the insulin path-
way, including insulinlike growth factor 1 and insulinlike
growth factor binding protein.21,24 For example, using the ho-
meostatic model assessment of insulin resistance, a 2020
study demonstrated a positive association between insulin
resistance and breast cancer incidence.25 Control of diabetes
and glucose metabolism likely also play roles in the pathogen-
esis of breast cancer across all of these groups.

The results of this study could have significant public
health implications, given the increasing rates of both obe-
sity and breast cancer. Given the increasingly strong evi-
dence supporting a reduced risk of breast cancer after weight
loss, even among women at high risk of breast cancer, breast
cancer risk reduction should be discussed as a benefit of
weight loss.5 Additionally, according to this study, the asso-

ciation with breast cancer risk should be seen as another
major health benefit to bariatric surgery. Weight loss inter-
ventions, including a healthy diet, regular exercise, and bar-
iatric surgery, should be presented to women at high risk of
breast cancer as a potential means for reducing risk. Women
with obesity who are at high risk of breast cancer because of
family history or personal health factors have shown similar
risk reductions with weight loss and should be counseled on
ways to reduce weight.5 When weight loss programs are
offered to women at high risk for breast cancer as a means to
reduce cancer risk, there are higher rates of uptake, reten-
tion, and overall weight loss.10 When these methods are
framed as preventive medicine, access to them empowers
women and affords them the ability to control their own
risk, a strong motivating factor in sustaining weight loss.9,10

Overall, promotion of a healthy lifestyle and achievement or
maintenance of a healthy body weight via lifestyle modifica-
tions or bariatric surgery should be conducted in part as a
public health intervention to reduce the risk of breast cancer
among women.4

Limitations
The limitations to this study include the inability to adjust
for healthy user bias because the bariatric surgery cohort

Table 4. Breast Cancer Treatments Undertakena

Treatment

No. (%) of patients

P valueDid not receive Received Total
Radiation therapy

BMI

<25 36 (28.1) 92 (71.9) 128

.23

25-29 29 (20.3) 114 (79.7) 143

30-34 33 (22.0) 117 (88.0) 150

≥35 40 (29.6) 95 (70.4) 135

Surgery 21 (20.6) 82 (79.4) 103

Cancer surgery

BMI

<25 6 (4.7) 122 (95.3) 128

.009

25-29 7 (4.9) 136 (95.1) 143

30-34 13 (8.7) 137 (91.3) 150

≥35 17 (12.6) 118 (87.4) 135

Surgery <5 >95 103

Chemotherapy

BMI

<25 96 (75.0) 32 (25.0) 128

.21

25-29 123 (86.0) 20 (14.0) 143

30-34 117 (78.0) 33 (22.0) 150

≥35 107 (79.3) 28 (20.7) 135

Surgery 84 (81.6) 19 (18.4) 103

Endocrine therapy

BMI

<25 112 (87.5) 16 (12.5) 128

.48

25-29 124 (86.7) 19 (13.3) 143

30-34 122 (81.3) 28 (18.7) 150

≥35 111 (82.2) 24 (17.8) 135

Surgery 84 (79.8) 19 (20.2) 103

Abbreviation: BMI (calculated as
weight in kilograms divided by height
in meters squared).
a The privacy policy for the data use

agency prohibits the publication of
cells with fewer than 5 patients.

Research Original Investigation Residual Risk of Breast Cancer After Bariatric Surgery

E6 JAMA Surgery Published online April 12, 2023 (Reprinted) jamasurgery.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Princeton Baptist Medical Center by Alanna Cole on 04/13/2023

http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0530


may have been relatively healthier in unmeasured ways
or made other changes to their lives that reduced their breast
cancer risk.26 Secondary limitations include the method of
assessment of BMI in the cohorts because weight data
are not systemically entered for patients in family physician
practices and may introduce some variability. Moreover,
although attempts were made to adjust for major poten-
tial confounders, we were limited to data collected and
were therefore unable to assess the additional variables
shown to be associated with breast cancer risk, such as
alcohol intake and ethnicity. Finally, because of few
data for cancer characteristics and treatments under-
taken, statistical analysis of these findings could not
be completed.

Conclusions

Substantial and sustained weight loss, such as that observed
after bariatric surgery, is associated with a reduction in the risk
of breast cancer among women with obesity. The findings in
this cohort study suggest that bariatric surgery was associ-
ated with a reduced risk of developing breast cancer for women
with prior obesity equivalent to that of a woman with a BMI
less than 25 and a lower risk when compared with all groups
with BMI greater than or equal to 25. This finding suggests that
the carcinogenic associations between obesity and cancer risk
are reversible and warrant public health attention given the
current obesity crisis.
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