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IMPORTANCE Obesity increases the incidence and mortality from some types of cancer, but it
remains uncertain whether intentional weight loss can decrease this risk.

OBJECTIVE To investigate whether bariatric surgery is associated with lower cancer risk and
mortality in patients with obesity.

DESIGN, SETTING, AND PARTICIPANTS In the SPLENDID (Surgical Procedures and Long-term
Effectiveness in Neoplastic Disease Incidence and Death) matched cohort study, adult
patients with a body mass index of 35 or greater who underwent bariatric surgery at a US
health system between 2004 and 2017 were included. Patients who underwent bariatric
surgery were matched 1:5 to patients who did not undergo surgery for their obesity, resulting
in a total of 30 318 patients. Follow-up ended in February 2021.

EXPOSURES Bariatric surgery (n = 5053), including Roux-en-Y gastric bypass and sleeve
gastrectomy, vs nonsurgical care (n = 25 265).

MAIN OUTCOMES AND MEASURES Multivariable Cox regression analysis estimated time to
incident obesity-associated cancer (a composite of 13 cancer types as the primary end point)
and cancer-related mortality.

RESULTS The study included 30 318 patients (median age, 46 years; median body mass index,
45; 77% female; and 73% White) with a median follow-up of 6.1 years (IQR, 3.8-8.9 years).
The mean between-group difference in body weight at 10 years was 24.8 kg (95% CI,
24.6-25.1 kg) or a 19.2% (95% CI, 19.1%-19.4%) greater weight loss in the bariatric surgery
group. During follow-up, 96 patients in the bariatric surgery group and 780 patients in the
nonsurgical control group had an incident obesity-associated cancer (incidence rate of 3.0
events vs 4.6 events, respectively, per 1000 person-years). The cumulative incidence of the
primary end point at 10 years was 2.9% (95% CI, 2.2%-3.6%) in the bariatric surgery group
and 4.9% (95% CI, 4.5%-5.3%) in the nonsurgical control group (absolute risk difference,
2.0% [95% CI, 1.2%-2.7%]; adjusted hazard ratio, 0.68 [95% CI, 0.53-0.87], P = .002).
Cancer-related mortality occurred in 21 patients in the bariatric surgery group and 205
patients in the nonsurgical control group (incidence rate of 0.6 events vs 1.2 events,
respectively, per 1000 person-years). The cumulative incidence of cancer-related mortality at
10 years was 0.8% (95% CI, 0.4%-1.2%) in the bariatric surgery group and 1.4% (95% CI,
1.1%-1.6%) in the nonsurgical control group (absolute risk difference, 0.6% [95% CI,
0.1%-1.0%]; adjusted hazard ratio, 0.52 [95% CI, 0.31-0.88], P = .01).

CONCLUSIONS AND RELEVANCE Among adults with obesity, bariatric surgery compared with
no surgery was associated with a significantly lower incidence of obesity-associated cancer
and cancer-related mortality.
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O besity increases the incidence and mortality from
some types of cancer. With obesity growing in
prevalence worldwide, the effects of obesity-

associated cancer on public health are considerable. It
remains uncertain whether intentional weight loss can
decrease this risk. Conducting sufficiently powered ran-
domized clinical trials with adequate follow-up to assess the
effects of intentional weight loss on cancer incidence and
mortality is extremely challenging. The incidence of cancer
is relatively low and there is a long interval between the
exposure (weight loss) and the outcome (development of
cancer). Furthermore, many patients with obesity cannot
achieve substantial and sustained weight loss only with life-
style modifications, which would likely be required to
meaningfully influence cancer risk.1-4

Bariatric surgery is the most effective currently avail-
able treatment for obesity. Patients typically lose 20% to
35% of body weight after surgery, which is often sustained
for many years.5-9 A few observational studies have
reported an association between bariatric surgery and
reduced cancer risk.3,9-15 Although they add important find-
ings to the literature, they also leave an opportunity for
additional questions to be answered. For example, reliable
data are lacking on cancer-related mortality and on cancer
risk after different surgical procedures, which distinctly
alter anatomy.

This study was designed to investigate the relationship be-
tween contemporary bariatric procedures and the incidence
of a large number of cancer types and cancer-related mortal-
ity during long-term follow-up.

Methods
The Surgical Procedures and Long-term Effectiveness in Neo-
plastic Disease Incidence and Death (SPLENDID) is a retro-
spective, observational, matched cohort study in adult pa-
tients with obesity who underwent bariatric surgery or received
usual care (did not undergo bariatric surgery) at the Cleve-
land Clinic Health System (CCHS). The study was approved by
the CCHS institutional review board as minimal risk research
using data collected during routine clinical practice for which
the need for informed consent from patients was waived.

During the initial screening process, all patients who had
at least a single occurrence of body mass index (BMI; calcu-
lated as weight in kilograms divided by height in meters
squared) of 35 or greater in the electronic health record (EHR)
between January 1, 2004, and December 31, 2017, were con-
sidered for inclusion.

Clinical diagnoses, procedure codes, medication use, and
other baseline and follow-up data were extracted from the
EHRs in the CCHS.16 Diagnosis and procedure codes appear in
eTables 1-5 in the Supplement. A diagnosis of incident cancer
during follow-up was ascertained by reviewing histopatho-
logic reports or notes from oncologists in the EHRs, either from
internal CCHS data or through the Epic Care Everywhere in-
teroperability platform, which provides data exchange of EHRs
between health care systems.17

Surgical Cases
The date of the first bariatric surgery served as the index date
for patients in the bariatric surgery group. The study in-
cluded patients aged 18 years to 80 years, who had a BMI be-
tween 35 and 80 at the time of surgery, and who underwent
Roux-en-Y gastric bypass (RYGB) or sleeve gastrectomy (SG) at
CCHS hospitals located in Florida and Ohio.

Patients were excluded if they met any of the following cri-
teria: (1) had any history of cancer, carcinoma in situ, or tu-
mors with uncertain behavior, (2) had a history of excessive
alcohol use or any medical conditions related to alcohol use
disorder, (3) had received an organ transplant, (4) had HIV in-
fection, (5) had ascites, (6) had peptic ulcer disease, (7) were
undergoing dialysis, (8) had a left ventricular ejection frac-
tion less than 20%, (9) had a history of admission to the emer-
gency department within 5 days prior to surgery, or (9) had less
than 12 months of follow-up before the index date (to in-
crease the chance of including patients who had their routine
care at the CCHS) (Figure 1; the diagnosis codes appear in
eTable 1 in the Supplement).

Nonsurgical Comparators
Among patients who were identified during the initial screen-
ing process, those with any procedure codes for weight loss
surgery in the EHRs were excluded. Subsequently, each pa-
tient was randomly assigned a single date from the collection
of surgery dates for patients in the bariatric surgery group. This
was considered as the selected index date for patients in the
nonsurgical control group.6 Patients were excluded from the
nonsurgical control group if they met any of the following cri-
teria on the selected index date: (1) were younger than 18 years
of age or older than 80 years, (2) had a BMI of less than 35 or
greater than 80, (3) met any of the exclusion criteria men-
tioned in the prior section for patients in the bariatric surgery
group, or (4) had their last follow-up visit or died on or before
the selected index date (Figure 1).

End Points
The primary composite end point was the first occurrence of
1 of the 13 types of obesity-associated malignant cancer as de-
scribed by the International Agency for Research on Cancer
Handbook Working Group4 as having sufficient evidence for

Key Points
Question Is there an association between bariatric surgery and
the incidence of obesity-associated cancer and cancer-related
mortality in patients with obesity?

Findings In this retrospective cohort study of 30 318 patients
(including 5053 patients who underwent bariatric surgery and
25 265 matched patients in the nonsurgical control group),
bariatric surgery was significantly associated with a lower risk of
obesity-associated cancer (hazard ratio, 0.68) and cancer-related
mortality (hazard ratio, 0.52).

Meaning Among adults with obesity, bariatric surgery compared
with no surgery was associated with a significantly lower incidence
of obesity-associated cancer and cancer-related mortality.
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an association. The primary end point included esophageal ad-
enocarcinoma; renal cell carcinoma; postmenopausal breast
cancer (diagnosed at ≥55 years of age) or breast cancer in
younger patients who had bilateral oophorectomy; cancer of
the gastric cardia, colon, rectum, liver, gallbladder, pancreas,
ovary, corpus uteri, or thyroid; and multiple myeloma.

Two secondary end points included the incidence of all
types of malignant cancer and cancer-related mortality (de-
fined as death related to any cancer in patients with incident
cancer after the index date).

Changes in body weight were compared among the pa-
tients in the bariatric surgery group vs patients in the nonsur-
gical control group. As an exploratory end point, the mini-
mum amount of weight loss needed to see a beneficial change

in incidence of obesity-associated cancer was estimated. Pa-
tients were censored at the last known follow-up date (ie, last
hospital discharge date or last office visit, whichever was later),
death, or at the end of follow-up (February 2021).

Statistical Analysis
Baseline data were presented as median (IQR) and number (per-
centage). Doubly robust estimation combining the propen-
sity score and outcome regression was used. Each patient who
underwent bariatric surgery was matched with a propensity
score by the nearest-neighbor method to 5 patients who did
not undergo bariatric surgery (nonsurgical control), using a lo-
gistic regression model based on 10 a priori–identified poten-
tial confounders. The matching variables included the index

Figure 1. Identification of Eligible Patients and Development of Cohorts in the SPLENDID Study

102 854 Not matched during 1:5 matching process

538 332 Excluded (did not meet enrollment criteria)a

241 356 Did not meet BMI criteria or missing
BMI value on the selected index date

239 350 No follow-up after the selected
index date

106 844 <12 mo of follow-up before the
selected index date

87 233 No age information at the
selected index date

56 810 Had a diagnosis of cancer
or precancer

7654 History of excessive alcohol use or
had an alcohol-related disorder

6214 Had peptic ulcer disease
2737 Had a history of organ transplant
2129 Undergoing dialysis
1980 Had ascites

1255 Had a left ventricular ejection
fraction <20%

86 Had a positive test result for HIV

1416 Had an emergency department
admission ≤5 d before the selected
index date

3736 Excluded (did not meet enrollment criteria)a

1636 <12 mo of follow-up before surgery
1135 Had a diagnosis of cancer or precancer

462 Had procedure other than Roux-en-Y
gastric bypass or sleeve gastrectomy

334 Did not meet BMI criteria
305 Had peptic ulcer disease
199 History of excessive alcohol use or had

an alcohol-related disorder
70 Undergoing dialysis
51 Had a history of organ transplant
36 Had ascites
28 No age information
23 Had a left ventricular ejection

fraction <20%
21 Had an emergency department admission

≤5 d before surgery
4 Had a positive test result for HIV

675 240 Patients with ≥1 occurrence of BMI ≥35 in electronic health
record who were identified during an initial screening at the
Cleveland Clinic Health System between 2004 and 2017

25 265 Did not undergo surgery, matched
1:5 during matching process, and
included in analysis

5053 Underwent bariatric surgery
and included in analysis

5053 Eligible cases before matching 128 119 Eligible cases before matching

8789 Had procedure code for bariatric
surgery listed in electronic
health record

666 451 Did not have procedure code
for bariatric surgery listed in
electronic health record
(nonsurgical control)

To create a comparable control group, dates for bariatric surgery were randomly
assigned to a pool of 666 451 patients with a body mass index (BMI; calculated
as weight in kilograms divided by height in meters squared) of 35 or greater.
Patients who had not undergone bariatric surgery were then removed from the
pool if they failed to meet inclusion criteria on the assigned date, at which point
the patients could be seen as potentially eligible for bariatric surgery. Using this
algorithm, 128 119 comparable patients who had not undergone surgery were
identified to be considered for matching. With propensity matching of each
patient who underwent bariatric surgery to 5 patients who had not undergone

surgery (nonsurgical control), 5053 patients in the bariatric surgery group and
25 265 matched patients in the nonsurgical control group were enrolled in the
study. The diagnosis and procedure codes appear in eTables 1-2 in the
Supplement. SPLENDID indicates Surgical Procedures and Long-term
Effectiveness in Neoplastic Disease Incidence and Death.
a A patient may have met more than 1 exclusion criterion; therefore, the total

excluded exceeds the sum of the individual reasons for exclusion.
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date, age, sex, race (which was obtained from the EHR based
on patient self-report using fixed categories and was classi-
fied as Black, White, or other), BMI on the index date (35-
39.9, 40-44.9, 45-49.9, 50-54.9, 55-59.9, or 60-80), smoking
history (categorized as never, former, or current), presence of
type 2 diabetes, Elixhauser Comorbidity Index, Charlson Co-
morbidity Index, and state of residence (Florida, Ohio, or other
US state).

Cause-specific event rates per 1000 person-years of fol-
low-up starting from the index date were estimated for each
outcome within each study group. Cumulative incidence es-
timates (Kaplan-Meier method) for 10 years after the index date
and the absolute risk difference for each outcome were calcu-
lated. The 95% CIs for the between-group difference in 10-
year risk were obtained by using the percentile method from
1000 bootstrap iterations.

Fully adjusted Cox proportional hazards regression
models were generated for the primary and secondary end
points. To minimize the effects of confounding factors, the
Cox models were adjusted for annual income within zip
code, hemoglobin level, serum calcium level, estimated glo-
merular filtration rate, medication use (aspirin, hormonal
therapy for menopause, diabetes, antihypertensive, and
lipid-lowering), and the 10 baseline variables that were used
for matching. The proportional hazards assumptions for the
treatment variable were satisfied for the primary and sec-
ondary end points.18

Overall, there were limited missing data (Table). The miss-
ing values were imputed using multiple imputation by chained
equations to create 5 imputed data sets. A regression-based im-
putation model with predictive mean matching was used. Im-
putation-corrected SEs of the model estimates and compari-
sons were obtained using the Rubin formula.19,20

For the subgroup analyses of the primary end point, an in-
teraction term between the variables of interest (eg, median
age, BMI) and the treatment variable was individually added
to the fully adjusted Cox model. The association of bariatric
surgery type (RYGB or SG) with the primary end point was sepa-
rately examined.

Change in body weight between the bariatric surgery group
and the nonsurgical control group was fitted with a nonlinear
regression model using a 4-knot spline interacted with treat-
ment. An unpaired, 2-sided t test was used to compare the be-
tween-group mean differences at 10 years. An unadjusted
analysis was performed in the bariatric surgery group for in-
cidence of obesity-associated cancer by quartile of largest
(maximum) percentage of weight loss and the log-rank test was
used to assess for trend. The largest percentage of weight loss
was determined between the surgery date and the 12 months
prior to a cancer diagnosis or until the last follow-up for those
who were not diagnosed as having cancer.

A significance level of .05 for 2-sided comparisons was con-
sidered statistically significant and 95% CIs were reported when
applicable. Because of the nature of the study and the poten-
tial for type I error due to multiple comparisons, all findings
should be interpreted as exploratory. All statistical analyses
were performed using R version 3.5.0 (R Foundation for Sta-
tistical Computing).

Sensitivity Analyses
Four different approaches for the sensitivity analyses were con-
ducted. The sensitivity of the hazard ratio (HR) estimates from
the fully adjusted Cox proportional hazards regression mod-
els was assessed for 2 components of the process used in cre-
ating the nonsurgical control group: random assignment of in-
dex dates and the ratio used for matching. The bariatric surgery
index dates were randomly assigned to patients potentially in-
cluded in the nonsurgical control group 5 times, and the match-
ing ratio was repeated with 1:1, 1:3, and 1:5 in the creation of
15 data sets. The fully adjusted Cox models for the primary end
point were analyzed on all 15 data sets, although the results
from 1 data set were reported as the primary comparison.

In an additional sensitivity analysis, to account for unde-
tected prevalent cancer at baseline, the analysis of the pri-
mary end point was repeated without considering cancer cases
that occurred during the first 3 years after the index date.

We also calculated the E-value, which can be used to as-
sess the robustness of the identified association between bar-
iatric surgery and cancer risk and mortality to the potential un-
measured confounders.21,22

Among the 13 types of cancer that are recognized as obesity-
associated cancers by the International Agency for Research
on Cancer Handbook Working Group,4,23 the mendelian ran-
domization approach provided enough evidence to support the
causal association of obesity with esophageal adenocarci-
noma, renal cell carcinoma, and cancers of the colon, rec-
tum, pancreas, ovary, and endometrium.24 As a sensitivity
analysis, we examined the first occurrence of 1 of these 7 types
of cancer.

Results
A total of 30 318 patients (median age, 46 years; median BMI,
45; 77% female; and 73% White), including 5053 who under-
went bariatric surgery and 25 265 who did not undergo bar-
iatric surgery (nonsurgical control) were included in the pri-
mary comparison. The bariatric procedures included in this
study were RYGB (n = 3348; 66%) and SG (n = 1705; 34%).

The distribution of key baseline covariates was well-
balanced after matching between the bariatric surgery group
and the nonsurgical control group. Some baseline comorbidi-
ties were more prevalent in the bariatric surgery group than
in the nonsurgical control group (Table).

Follow-up was over a 17-year period (ended in February
2021), with a median follow-up of 6.1 years (IQR, 3.8-8.9 years)
for the entire cohort, including 5.8 years (IQR, 3.4-8.8 years)
for patients in the bariatric surgery group and 6.1 years (IQR,
3.9-8.9 years) for patients in the nonsurgical control group. Pa-
tients in the bariatric surgery group were more likely to have
had screening tests for breast, colorectal, and prostate cancer
compared with patients in the nonsurgical control group
(Table).

Primary End Point
During follow-up, 96 patients in the bariatric surgery group and
780 patients in the nonsurgical control group had an incident
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Table. Characteristics of Patients at Baseline and During Follow-up

Bariatric surgery
(n = 5053)

Nonsurgical control
(n = 25 265)

Standardized mean
difference, %a

Baseline characteristics

Index year, median (IQR) 2013 (2010 to 2015) 2013 (2010 to 2015) 2.1

Age, median (IQR), y 46.0 (37.0 to 55.0) 46.0 (34.0 to 57.0) 4.2

Sex, No. (%)

Female 3884 (76.9) 19 514 (77.2)
0.9

Male 1169 (23.1) 5751 (22.8)

Body mass index, median (IQR)b 45.5 (41.0 to 51.6) 45.1 (40.7 to 50.1) 13.0

Body mass index by category, No. (%)

35-39.9 1005 (19.9) 4912 (19.4)

12.8

40-44.9 1372 (27.2) 7611 (30.1)

45-49.9 1150 (22.8) 6279 (24.9)

50-54.9 743 (14.7) 3477 (13.8)

55-59.9 393 (7.8) 1608 (6.4)

60-80 390 (7.7) 1378 (5.4)

Race, No. (%)c

Black 1153 (22.8) 5854 (23.2)

0.9White 3724 (73.7) 18 542 (73.4)

Otherd 176 (3.5) 869 (3.4)

State of residence, No. (%)

Florida 829 (16.4) 3069 (12.1)

12.6Ohio 3997 (79.1) 21 164 (83.8)

Other US state 227 (4.5) 1032 (4.1)

Smoking status, No. (%)

Never 3019 (59.7) 15 763 (62.4)

5.9Former 1889 (37.4) 8912 (35.3)

Current 145 (2.9) 590 (2.3)

Annual income within zip code, median (IQR), $e 51 962 (42 613 to 67 184) 50 642 (38 750 to 65 430) 8.7

Medical history

Charlson Comorbidity Index, median (IQR)f 2.0 (1.0 to 3.0) 1.0 (0 to 3.0) 28.7

Elixhauser Comorbidity Index, median (IQR)g 1.0 (−4.0 to 8.0) 0 (−1.0 to 4.0) 13.7

Type 2 diabetes, No. (%) 1364 (27.0) 6252 (24.7) 5.1

Chronic obstructive pulmonary disease, No. (%) 1340 (26.5) 6424 (25.4) 2.5

Heart failure, No. (%) 328 (6.5) 1953 (7.7) 4.8

Myocardial infarction, No. (%) 138 (2.7) 891 (3.5) 4.6

Laboratory data, median (IQR)

Calcium, mg/dLh 8.60 (8.30 to 8.90) 9.30 (9.00 to 9.60) 133.6

Hemoglobin, g/dLi 11.7 (10.8 to 12.7) 13.0 (11.9 to 14.1) 72.1

Estimated glomerular filtration rate, mL/minj 104 (86 to 122) 93 (76 to 112) 35.3

Type of medication use, No. (%)

Antihypertensive 4283 (84.8) 12 348 (48.9) 82.4

Lipid-lowering 1817 (36.0) 7095 (28.1) 16.9

Diabetes 1789 (35.4) 7229 (28.6) 14.6

Aspirin 1164 (23.0) 4766 (18.9) 10.3

Hormone therapy 752 (14.9) 2871 (11.4) 10.4

Cancer screening before the index date, No. (%)k

For breast cancer 891 (17.6) 1429 (5.7) 38.0

For colorectal cancer 322 (6.4) 277 (1.1) 28.1

For prostate cancer 128 (2.5) 168 (0.7) 14.9

(continued)
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obesity-associated cancer (incidence rate of 3.0 events vs 4.6
events, respectively, per 1000 person-years). The cumulative
incidence of the primary end point at 10 years was 2.9% (95%
CI, 2.2%-3.6%) in the bariatric surgery group and 4.9% (95%
CI, 4.5%-5.3%) in the nonsurgical control group (absolute risk
difference, 2.0% [95% CI, 1.2%-2.7%]; adjusted HR, 0.68 [95%
CI, 0.53-0.87], P = .002; Figure 2A).

Testing for interaction revealed no heterogeneity for the
association between bariatric surgery and the primary out-
come based on sex, age, BMI, race, and use of a diabetes medi-
cation (Figure 3).

In the analysis of the primary end point based on the sur-
gery type, the cumulative incidence of the primary end point
at 10 years was 2.9% (95% CI, 2.1%-3.6%) in the RYGB sub-
group and 2.9% (95% CI, 1.5%-4.4%) in the SG subgroup (ad-
justed HR, 1.05 [95% CI, 0.66-1.67]; Figure 2B). Compared with
the nonsurgical control group, the adjusted HR was 0.70 (95%
CI, 0.53-0.92) for the RYGB subgroup and was 0.66 (95% CI,
0.44-1.00) for the SG subgroup.

Secondary End Points
At the end of the study period, 200 patients in the bariatric sur-
gery group and 1331 patients in the nonsurgical control group
developed any type of invasive cancer (incidence rate of 6.3
events vs 8.0 events, respectively, per 1000 person-years). The
cumulative incidence for the composite end point of all types
of cancer at 10 years was significantly lower in the bariatric sur-
gery group compared with the nonsurgical control group (6.8%
[95% CI, 5.7%-7.9%] vs 8.3% [95% CI, 7.8%-8.8%], respec-
tively; absolute risk difference, 1.5% [95% CI, 0.3%-2.7%]; ad-
justed HR, 0.83 [95% CI, 0.69-0.99], P = .04; Figure 2C).

Cancer-related mortality occurred in 21 patients in the bar-
iatric surgery group and in 205 patients in the nonsurgical con-
trol group (incidence rate of 0.6 events vs 1.2 events, respec-
tively, per 1000 person-years). The cumulative incidence of
cancer-related mortality at 10 years was 0.8% (95% CI, 0.4%-
1.2%) in the bariatric surgery group and 1.4% (95% CI, 1.1%-
1.6%) in the nonsurgical control group (absolute risk differ-
ence, 0.6% [95% CI, 0.1%-1.0%]; adjusted HR, 0.52 [95% CI,
0.31-0.88], P = .01; Figure 2D).

Incidence of Individual Cancer Types
The cancer-specific event rates per 1000 person-years of fol-
low-up and the bootstrap 95% CIs for the difference in event
rates between the bariatric surgery group and the nonsurgi-
cal control group appear in eTable 6 in the Supplement. The 2
most common types of cancer in this cohort included female
breast cancer and corpus uteri (endometrial) cancer.

Most cancer types were less common in the bariatric sur-
gery group. However, in the fully adjusted Cox models, the as-
sociation between bariatric surgery and individual cancer types
was only significant for endometrial cancer (adjusted HR, 0.47
[95% CI, 0.27-0.83]).

Change in Body Weight and Cancer Risk
At 10 years, patients in the bariatric surgery group had lost 27.5
kg (95% CI, 27.3-27.8 kg) and patients in the nonsurgical con-
trol group had lost 2.7 kg (95% CI, 2.4-3.0 kg) (mean between-
group difference, 24.8 kg [95% CI, 24.6-25.1 kg]). Patients in
the bariatric surgery group had a 19.2% (95% CI, 19.1%-19.4%)
greater weight loss from baseline to 10 years than patients in
the nonsurgical control group (P < .001; Figure 4A).

Table. Characteristics of Patients at Baseline and During Follow-up (continued)

Bariatric surgery
(n = 5053)

Nonsurgical control
(n = 25 265)

Standardized mean
difference, %a

Follow-up characteristics

Length of follow-up, median (IQR), y 5.8 (3.4 to 8.8) 6.1 (3.9 to 8.9) 7.7

Length of follow-up by sex, median (IQR), y

Female 5.8 (3.4 to 8.9) 6.1 (3.9 to 9.0) 9.2

Male 5.8 (3.1 to 8.6) 5.9 (3.7 to 8.6) 6.7

Cancer screening after the index date, No. (%)l

For breast cancer 1883 (37.3) 3482 (13.8) 55.9

For colorectal cancer 1340 (26.5) 1880 (7.4) 52.5

For prostate cancer 420 (8.3) 578 (2.3) 27.1
a The absolute value of the difference in means or proportions between the

bariatric surgery group and the nonsurgical control group divided by the
pooled SD. Values of 10% or less indicate appropriate matching.

b Calculated as weight in kilograms divided by height in meters squared.
c Obtained from the electronic health record based on patient self-report using

fixed categories. This characteristic was included in the analyses because it
could be associated with both exposure and study end points.

d American Indian or Alaska Native, Asian, multiracial, Native Hawaiian or Other
Pacific Islander, and not reported.

e Data are for 4965 patients in the bariatric surgery group and 24 968 in the
nonsurgical control group.

f Score range is 0 to 29; a higher score indicates greater disease burden and
greater prediction for risk of death.

g With van Walraven weights, the score range is –19 to 89; a higher score

indicates greater comorbidity burden and greater likelihood for in-hospital
death.

h Data are for 5053 patients in the bariatric surgery group and 19 453 in the
nonsurgical control group.

i Data are for 5053 patients in the bariatric surgery group and 19 288 in the
nonsurgical control group.

j Approximated using the Modification of Diet in Renal Disease study equation.
Data are for 5053 patients in the bariatric surgery group and 19 587 in the
nonsurgical control group.

k At least 1 screening test for detection of cancer within 12 months prior to the
index date.

l At least 1 screening test for detection of cancer from the index date until the
diagnosis of cancer or until the last follow-up.
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The cumulative incidence of the primary end point by sur-
gically induced maximum weight loss quartile appears in
Figure 4B. The incidence of the primary end point was the high-
est in a subset of patients in the bariatric surgery group who
had lost less than 24% of their body weight (first quartile). Fur-
ther weight loss among patients in the bariatric surgery group
was associated with lower risk of incident cancer in a dose-
dependent response.

Sensitivity Analyses
Results of the sensitivity analyses on 15 data sets (15 different
nonsurgical control cohorts) appear in eFigure 1 in the Supple-
ment. Overall, the HR differences for these data sets were small
for obesity-associated cancer compared with the estimates re-
ported in the article from 1 data set (median HR from 15 data
sets, 0.67 [IQR, 0.64-0.71]).

Exclusion of 33 patients with obesity-associated cancer in
the bariatric surgery group and exclusion of 227 patients with
obesity-associated cancer in the nonsurgical control group that
occurred during the first 3 years resulted in a significant asso-
ciation between bariatric surgery and the primary end point
(adjusted HR, 0.59 [95% CI, 0.43-0.79]).

Comparing the E-values with the HR estimates of known
cancer risk factors indicates that it would be unlikely that an
unmeasured confounder exists that could account for the ob-
served association between bariatric surgery and cancer risk
and mortality (eTable 7 and eMethods in the Supplement).

Considering only 7 cancer types as obesity-associated can-
cer based on findings from the mendelian randomization

studies24 also resulted in a significant association between bar-
iatric surgery and lower risk of incident cancer (adjusted HR,
0.59 [95% CI, 0.42-0.84]; eFigure 2 in the Supplement).

Discussion
In this matched cohort study with long-term follow-up, bar-
iatric surgery was associated with a significant reduction in the
risk of obesity-associated cancer, all invasive cancer types, and
cancer-related mortality.

Examining a cancer prevention intervention in a random-
ized clinical trial is challenging.2,3 In the absence of random-
ized clinical trials, carefully conducted observational studies
can provide potentially useful data on the role of intentional
weight loss on cancer risk. In the long-term follow-up of the
well-matched Swedish Obese Subjects (SOS) study9 that in-
cluded 2010 surgical and 2037 matched control patients, bar-
iatric surgery was significantly associated with lower risk of
cancer (HR, 0.67 [95% CI, 0.53-0.85]). In the SOS study,9 87%
of the bariatric surgical procedures were either gastroplasty or
gastric banding, which have been replaced by more effective
procedures in recent years. A large multicenter study from the
Kaiser Permanente health system reported a lower risk of de-
veloping any cancer (HR, 0.67 [95% CI, 60-74]) and obesity-
associated cancer (HR, 0.59 [95% CI, 0.51-0.69]) compared with
a matched control group during a mean follow-up of 3.5 years.10

Data on the association between losing weight and cancer-
related mortality are limited. The only available study com-

Figure 3. Association of Bariatric Surgery vs Nonsurgical Controls for the Primary End Point in Key Subgroups in the Fully Adjusted Cox Models

P value for
interaction

No. of events/No. of person-years
Bariatric
surgery

Nonsurgical
control

Sex

Adjusted
HR (95% CI)

80/24 923 680/131 385Female 0.67 (0.51-0.87)
16/7291 100/37 129Male 0.76 (0.44-1.31)

Age, y
20/15 475 160/88 401<46 0.68 (0.42-1.09)
76/16 739 620/80 114≥46 0.63 (0.49-0.83)

Body mass indexa

46/14 934 363/83 807<45 0.77 (0.55-1.07)
50/17 281 417/84 708≥45 0.62 (0.45-0.85)

Race
13/7652 143/39 551Black 0.47 (0.27-0.84)
79/23 595 620/123 422White 0.71 (0.55-0.93)

Taking a medication for diabetes
58/20 638 480/123 242No 0.69 (0.52-0.94)
38/11 577 300/45 272Yes 0.65 (0.46-0.94)

4/968 17/5542Otherb 1.58 (0.53-4.73)

.65

.80

.31

.19

.77

Favors
bariatric surgery

Favors nonsurgical
control

0.2 51
Adjusted HR (95% CI)

Testing for interaction revealed no heterogeneity in the association of bariatric
surgery with the primary end point in a wide range of patients including both
men and women, young and old patients, Black and White patients, and
patients with or without diabetes. The adjusted hazard ratios (HRs) were
obtained after individually removing the original variable from the fully adjusted
Cox model and replacing it with the dichotomous subgroup variable as well as
its interaction with the treatment variable. For example, the continuous age

covariate was replaced by the dichotomous version and its interaction with the
treatment. Age and body mass index were categorized based on their median
values.
a Calculated as weight in kilograms divided by height in meters squared.
b American Indian or Alaska Native, Asian, multiracial, Native Hawaiian or Other

Pacific Islander, and not reported.
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pared 6596 patients in Utah who had the RYGB procedure
(1984-2002) and 9442 patients in a control group matched for
3 baseline factors (sex, age, and BMI category).11 Cancer-
related mortality was lower in the surgery group compared with
the control group (HR, 0.54 [95% CI, 0.37-0.78]).11 The limi-
tations of the Utah study included absence of matching based
on baseline health status associated with cancer risk (eg, smok-
ing history or hormone therapy) and lack of follow-up weight
changes.11

The mechanisms of excess cancer risk in patients with obe-
sity are not completely understood. In genetically suscep-
tible individuals, excess adiposity may accelerate cancer de-
velopment by inducing chronic inflammation, increased
release of sex-steroid hormones and adipokines, and insulin
resistance with associated hyperinsulinemia.2,3,25,26 Bariat-
ric surgery has been shown to attenuate excess inflamma-
tion, hyperinsulinemia, and modulate both sex hormones and

adipokine levels.26-30 The mechanisms responsible for re-
duced cancer risk after bariatric surgery require further study.

Among all cancer types, endometrial cancer has the stron-
gest association with obesity.2-4 The current study found that
bariatric surgery was associated with a significant reduction
in risk of endometrial cancer. Although the association be-
tween bariatric surgery and lower risk of different cancer types
has been reported in prior studies,10,12-14 in the SOS trial31 and
in the study performed in Utah,11 consistent with the findings
from the current SPLENDID study, endometrial cancer was the
only cancer type that had a significantly lower incidence af-
ter surgery compared with the nonsurgical control group (HRs,
0.56 and 0.22, respectively). A study in 72 women with se-
vere obesity, for whom endometrial biopsies were examined
before and after bariatric surgery, showed a significant reduc-
tion in the markers of endometrial proliferation and onco-
genic signaling after surgery.26

Figure 4. Weight Loss and Cumulative Incidence of Primary End Point
Stratified by Maximum Weight Loss Quartile
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A, The data were smoothed and are
mean trends for the percentage
change in body weight from baseline
in patients in the bariatric surgery
group and the nonsurgical control
group during follow-up. The shaded
areas indicate 95% CIs. The mean
between-group difference at 10 years
from baseline was estimated from a
flexible regression model with a
4-knot restricted cubic spline for the
time × treatment interaction. The
median observation time was 5.9
years (IQR, 3.4-9.0 years) for patients
in the bariatric surgery group and was
6.3 years (IQR, 4.0-9.2 years) for
patients in the nonsurgical control
group. B, The data are Kaplan-Meier
estimates for incidence of
obesity-associated cancer types by
the quartile of maximum (the largest)
weight loss in the bariatric surgery
group (P < .001 from log-rank test).
The findings suggest that weight loss
in the bariatric surgery group was
associated with lower risk of incident
cancer cases in a dose-dependent
response.
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In current practice, the 2 most common bariatric procedures
are SG and RYGB. Although the extent of weight loss is compa-
rable between the 2 procedures, they have different physiologi-
cal effects. A large part of the stomach is removed with SG,
whereas the gastrointestinal tract is re-routed with RYGB. Over-
lap of Kaplan-Meier curves for RYGB and SG (Figure 2B) suggests
that losing weight itself, not procedure-specific physiological
changes related to anatomical alterations, could be the principal
mechanism for reduced risk of obesity-associated cancer.

In the current study and in other studies, substantial weight
loss was required to observe a meaningful reduction in the can-
cer risk in a dose-dependent response30 (Figure 4B) and the sepa-
ration of the Kaplan-Meier curves for incident obesity-associated
cancer was only observed 6 years after the index date
(Figure2A).31 Currently,bariatricsurgeryistheonlyavailabletreat-
ment that can provide this magnitude and durability of weight
loss.Inanobservationalsingle-groupstudy30 of2107patientswho
underwentbariatricsurgery,82newcancercaseswerediagnosed
after a median follow-up of 5.5 years. Patients who lost greater
than 20% of their total weight were at a significantly reduced risk
of cancer compared with those who lost less than 20%.30 In con-
trast, other studies did not find an association between the ex-
tent of weight loss and the risk of obesity-associated cancer.9,32

Look AHEAD (Action for Health in Diabetes)1 is the only available
randomizedclinicaltrialthathasexaminedlong-termcancerout-
comesafteranonsurgicalweightlossintervention.Amongnearly
5000 participants, an intensive lifestyle intervention led to only
modest weight loss (8.6% vs 0.7% at 1 year; 6.5% vs 4.6% at 12
years).1 The difference in weight loss was not large enough to sta-
tistically mitigate the risk of obesity-associated cancer (HR, 0.84
[95% CI, 0.68-1.04]) or cancer-related mortality (HR, 0.92 [95%
CI, 0.68-1.25]).1

Limitations
This study has several limitations. First, although a doubly robust
approach using comprehensive matching with fully adjusted re-
gression models on a broad range of potential confounding vari-
ables was used, residual measured or unmeasured confounders
could have influenced the findings and causal inference cannot
beassumed.Forexample,patientswhoundergobariatricsurgery
could partake in healthier lifestyles or use less tobacco and alco-
hol during follow-up than the nonsurgical control group, leading
to healthy user bias. Similarly, physical activity, dietary habits,
andexposuretoUVlight,environmentalcarcinogens,andcancer-
causingpathogenswereunknown.Nonetheless,thefindingswere
consistent in several sensitivity analyses. The E-value was used
to assess the robustness of observed associations in the presence
of potential unmeasured confounders.21,22 The magnitude of the
associations of the known cancer risk factors with the study end
points was smaller than the estimated E-value for the study end
points. Although this suggests that it was unlikely that there were
unmeasured confounders that could eliminate the favorable as-
sociation between bariatric surgery and cancer risk and mortal-
ity, the findings may still reflect selection bias.

Second, patients with obesity are often reluctant to
undergo cancer screening tests.33,34 Infrequent and irregu-
lar cancer screening tests and unbalanced screening fre-
quencies between the study groups might introduce surveil-
lance bias. However, in this study, the nonsurgical control
group did not undergo more intense cancer screening tests
than the bariatric surgery group that could explain the
higher incidence of cancer in the nonsurgical control group.

Third, although the International Agency for Research
on Cancer Handbook Working Group identified sufficient
evidence for an association between obesity and 13 types
of cancer,4,23 recent studies using mendelian randomization
strategies have supported the causal association of obesity
with only 7 of the 13 cancer types.24 Nonetheless, the find-
ings were consistent regardless of considering 7 or 13 cancer
types as obesity-associated cancers. As studies on the link
between obesity and cancer develop, future research
on cancer risk reduction after bariatric surgery should focus
on those cancer types indicated to be causally related to
obesity.

Fourth, a small number of incident cancer cases limited
the statistical power for comprehensive analysis of indi-
vidual cancer types. Fifth, the median follow-up time was 6
years and the Kaplan-Meier curves started to separate
around that time. This may lead to an underestimation of
the long-term association between bariatric surgery and
reduced cancer incidence. Sixth, even though the relatively
young age of participants is comparable with other bariatric
surgery studies,9-15 younger age may lead to a lower inci-
dence of age-associated cancers in the current study. None-
theless, there was no heterogeneity in the observed
response in patients older or younger than 46 years of age
(Figure 3).

Seventh, 96.5% of patients were either Black or White. Al-
though this study showed that bariatric surgery was associ-
ated with lower risk of obesity-associated cancer in both Black
people and White people (Figure 3), this finding may not be
generalizable to individuals in other racial and ethnic groups
who were rare in the current study. Eighth, coding errors, mis-
classification, and misdiagnosis are possible in EHR-based stud-
ies. Ninth, although patients who had less than 12 months of
follow-up before the index date were excluded to increase the
chance of including patients who had their routine care at the
CCHS, it is possible that some patients were diagnosed and
treated for cancer outside the CCHS or the Epic Care Every-
where interoperability platform.

Conclusions
Among adults with obesity, bariatric surgery compared with
no surgery was associated with a significantly lower
incidence of obesity-associated cancer and cancer-related
mortality.
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