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OBJECTIVE

Obesity and type 2 diabetes are associated with serious adverse health effects,
including cancer. Although bariatric surgery has been shown to reduce cancer
risk in patients with obesity, the effect of bariatric surgery on cancer risk in
patients with obesity and diabetes is less studied. We therefore examined the
long-term incidence of cancer after bariatric surgery and usual care in patients
with obesity and diabetes in the matched prospective Swedish Obese Subjects
(SOS) study.

RESEARCH DESIGN AND METHODS

The SOS study examines long-term outcomes following bariatric surgery or
usual care. The current analysis includes 701 patients with obesity and type
2 diabetes at baseline, 393 of whom underwent bariatric surgery and 308
who received conventional obesity treatment. Information on cancer events
was obtained from the Swedish National Cancer Register. Median follow-up
time was 21.3 years (interquartile range 17.6–24.8 years, maximum 30.7
years).

RESULTS

During follow-up, the incidence rate for first-time cancer was 9.1 per 1,000 per-
son-years (95% CI 7.2–11.5) in patients with obesity and diabetes treated with
bariatric surgery and 14.1 per 1,000 person-years (95% CI 11.2–17.7) in patients
treated with usual obesity care (adjusted hazard ratio 0.63 [95% CI 0.44–0.89],
P 5 0.008). Moreover, surgery was associated with reduced cancer incidence in
women (0.58 [0.38–0.90], P 5 0.016), although the sex-treatment interaction
was nonsignificant (P5 0.630). In addition, diabetes remission at the 10-year fol-
low-up was associated with reduced cancer incidence (0.40 [0.22–0.74],
P5 0.003).

CONCLUSIONS

These results suggest that bariatric surgery prevents cancer in patients with obe-
sity and diabetes and that durable diabetes remission is associated with reduced
cancer risk.
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Obesity and type 2 diabetes are both
associated with increased cancer risk
and cancer mortality (1–4). In a study
by Pearson-Stuttard et al. (5), an esti-
mated 6% of all cancer cases worldwide
in 2012 were attributable to the com-
bined effects of diabetes and overweight/
obesity. Additionally, the combination of
diabetes and overweight/obesity contrib-
uted to as much as 25–40% of all liver
cancer, esophageal adenocarcinoma, and
endometrial cancer cases. Thus, the global
pattern of increasing obesity and diabetes
has led to an increased cancer preva-
lence. The causal link between obesity
and 13 specific cancer types, referred to
as obesity related, is well established (6).
In addition, some of these cancer types
(i.e., liver, pancreatic, endometrial, colon
and rectal, breast, bladder) have been
suggested to be diabetes (mainly type 2)
related (7). However, at present, there is
no clear consensus regarding which can-
cers are directly linked to type 2 diabetes
(8,9). Obesity is a modifiable risk factor
for type 2 diabetes and cancer, and bar-
iatric surgery is the most effective inter-
vention for substantial and sustained
weight loss in patients with obesity (10).
Furthermore, the beneficial effects of bar-
iatric surgery on type 2 diabetes are well
described (11,12), and the majority of
patients with diabetes achieve short-term
diabetes remission after bariatric surgery.
Numerous observational and retrospec-
tive cohort studies of patients undergoing
bariatric surgery have contributed to the
understanding that intentional weight
loss leads to reduced cancer risk and
mortality in patients with obesity (13–17).
However, the effects of bariatric surgery
on incident cancer in patients with obe-
sity and diabetes is less studied. To this
end, we examined the long-term inci-
dence of cancer after bariatric surgery
and usual care in patients with obesity
and diabetes in the ongoing, matched,
prospective controlled Swedish Obese
Subjects (SOS) study.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The ongoing, prospective controlled SOS
intervention study enrolled 4,047 individu-
als with obesity between 1987 and 2001,
as previously described (Supplementary
Material) (18). In brief, 2,010 individuals
chose to undergo surgery, and a contem-
poraneously matched control group of

2,037 participants with obesity was cre-
ated on the basis of 18 variables. The sur-
gery and control groups had identical
inclusion and exclusion criteria. The inclu-
sion criteria were age 37–60 years and a
BMI of $34 kg/m2 in men and $38 kg/
m2 in women before or at the time of the
matching examination. The exclusion crite-
ria were established to exclude patients
with unacceptable surgical risks. The pri-
mary end point of the study was overall
mortality (18), and the secondary end
points were diabetes (19,20), gallbladder
disease (21), and cardiovascular disease
(22). The outcome of the current
report—cancer incidence in patients with
obesity and diabetes—was not a prede-
fined end point. Seven regional ethics
review boards in Sweden (Gothenburg,
Lund, Link€oping, €Orebro, Karolinska Insti-
tute, Uppsala, Umeå) approved the SOS
study protocol, and informed consent was
obtained from all participants.

Data Collection and Definitions
Baseline characteristics were obtained
from clinical examination, questionnaires,
and centralized blood biochemistry.
Screen-detected diabetes at the baseline
examination without previous diagnosis
and established diabetes diagnosis before
study inclusion were defined as HbA1c
$48 mmol/mol ($6.5%), fasting blood
glucose of $6.1 mmol/L (corresponding
to a fasting plasma glucose of $7
mmol/L), or diabetes medication use
(insulin, oral antidiabetic drugs, or both).
Diabetes remission was defined as HbA1c
<48 mmol/mol or fasting blood glucose
<6.1 mmol/L (plasma glucose <7.0
mmol/L) without receipt of diabetes
medication. From 1987 through 2009,
fasting glucose concentrations were mea-
sured in venous whole blood. After 2009,
venous fasting plasma glucose was mea-
sured, and the concentrations were con-
verted to those for blood glucose (19).
The study was initiated before repeated
measurements were routinely used for
the diagnosis of diabetes; therefore, sin-
gle determinations of fasting glucose and
HbA1c were used. Baseline alcohol intake
was calculated from dietary question-
naires, as previously described (23).
Smoking was defined as a positive answer
to the question, “Do you smoke daily?”
Data on cancer incidence, death, and
emigration were obtained by cross-check-
ing social security numbers from the SOS

database with the Swedish National Can-
cer Registry, the Cause of Death Registry,
and the Registry of the Total Population.
The Swedish National Cancer Registry has
>95% coverage for all malignant tumors
of which 99% are morphologically verified
(24). ICD codes registered for patients in
the SOS study are listed in Supplementary
Table 1. The cutoff date for the current
report was 31 December 2018.

Statistical Analyses
Mean values and SDs or 95% CIs were
used to describe the baseline characteris-
tics and changes over time. Baseline
characteristics between treatment groups
were compared with t tests for continu-
ous variables and Fisher exact test for
dichotomous variables. Time of progres-
sion to first cancer after inclusion was
compared between treatment groups
using Kaplan-Meier estimates of cumula-
tive incidence rates. Additionally, hazard
ratios (HRs) from a Cox proportional haz-
ards model with a single covariate for
treatment group were calculated. To
assess the baseline differences between
the surgery and control groups, analyses
were adjusted for the following prede-
fined risk factors: sex, age, serum insulin,
abdominal sagittal diameter (25), alcohol,
education, and smoking status. In sensi-
tivity analyses, patients with preinclusion
events were excluded, cancer cases that
occurred during the first 3 years of the
intervention were excluded to account
for undetected prevalent cancer at base-
line, and deaths unrelated to cancer
were treated as competing events in a
competing risks regression analysis.

In the interaction analysis, the inci-
dence rates were calculated in sub-
groups defined by risk factors at
baseline. The association of bariatric
surgery with the incidence of cancer
events was tested by including the cor-
responding interaction term (i.e., the
product of type of treatment [surgery
or control] and corresponding continu-
ous variable) in the regression model.

The expected number of surgeries
needed to prevent one cancer event over
10 years (number needed to treat) was
calculated in various subgroups as the
reciprocal of the absolute risk difference
between individuals in the surgery and
control groups. A per-protocol approach
was used in all analyses; thus, all partici-
pants were included in their original study
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group until any bariatric surgery was per-
formed in the control group or there was
a change in or removal of the bariatric
surgical procedure in the surgery group,
after which they were censored from the
analysis.

All P values are two-sided, and P <

0.05 was considered statistically significant.
Statistical analyses were done using the
Stata 15.1 software.

RESULTS

Baseline Characteristics, Weight
Changes, and Remission Rates
During Follow-up
All participants with diabetes at base-
line were included in the analysis.
Characteristics of the 393 surgically
treated participants and the 308 con-
trol participants are shown in Table 1.
The surgery group was, on average,
younger than the control group; had a
higher BMI, more central fat, and
higher serum insulin; and were less
likely to have a university education.
No differences in other baseline
parameters, including baseline alcohol
intake, smoking status, diabetes medi-
cation use, and cancer before inclu-
sion, were observed. The majority of
the participants in the surgery and
control groups (60.1% and 59.1%,
respectively) were women.

Weight changes over 20 years in
surgery and control participants with

baseline diabetes are shown in Supp
lementary Fig. 1. The average weight loss
was 27.5 kg and 22.7 kg in surgery par-
ticipants and 3.2 kg and 4.8 kg in control
participants over 2 and 10 years, respec-
tively. The diabetes remission rate in sur-
gery participants was 69.8% at 2 years
and 34.1% at 10 years (Table 1). On the
date of analysis, the follow-up time was
up to 30.7 years, with a median of 21.3
years (interquartile range 17.6–24.8
years).

Incidence of Overall Cancer During
Follow-up
Of the 142 first-time cancers (Supp-
lementary Table 2) recorded during the
follow-up period, 74 occurred in the
control group and 68 in the surgery
group, and the unadjusted HR with sur-
gery was 0.60 (95% CI 0.43–0.84, P 5
0.003) (Fig. 1). After multivariable
adjustments, the adjusted HR (HRadj)
with surgery was 0.63 (95% CI 0.44–
0.89, P 5 0.008). In sensitivity analyses,
the exclusion of 11 cancers that
occurred during the first 3 years or the
exclusion of 12 patients with preinclu-
sion events yielded similar results (HRadj
0.70 [0.49–1.00, P 5 0.048] and 0.66
[0.46–0.96, P 5 0.027], respectively).
Furthermore, treating deaths unrelated
to cancer as competing events in a
competing risks regression model
also yielded a similar risk estimate

(Sub-HRadj 0.68 [0.48–0.96], P 5
0.027).

Next, we analyzed overall cancer inci-
dence separately in women (86 events)
and men (56 events). Cancer incidence
in women was significantly lower in the
surgery group compared with the con-
trol group both in unadjusted and
adjusted analyses (HR 0.57 [95% CI
0.38–0.88, P 5 0.010], HRadj 0.58
[0.38–0.90, P 5 0.016]). No association
with surgery was detected in men (HRadj
0.79 [0.46–1.38], P 5 0.413) (Supple-
mentary Fig. 2), although a difference in
treatment effect between men and
women could not be detected (interac-
tion P 5 0.630). Moreover, there were
no risk factor-treatment interactions with
respect to baseline age, sagittal diameter,
measures of glycemic control, education,
alcohol consumption, or smoking status
(Supplementary Table 3).

In both univariable and multivariable
Cox regression models, surgical treat-
ment and younger age were associated
with a lower risk of overall cancer,
whereas no association was found for
sex, alcohol consumption, daily smok-
ing, sagittal diameter, serum insulin, or
education (Table 2). When the multi-
variable analysis was stratified by sex,
age remained an independent predic-
tor in both men (P < 0.001) and
women (P 5 0.003). In addition,
abdominal sagittal diameter emerged

Table 1—Baseline characteristics and remission rates during follow-up for SOS study participants with obesity and diabetes

Characteristic Surgery (n 5 393)a Control (n 5 308) P

Baseline
Women 236 (60.1) 182 (59.1) 0.816
Age (years) 48.6 (6.0) 50.5 (6.3) <0.001
BMI (kg/m2) 42.4 (4.9) 40.1 (4.7) <0.001
Sagittal diameter (cm) 30.0 (3.7) 28.6 (3.5) <0.001
Blood glucose (mmol/L) 8.2 (2.7) 8.2 (2.7) 0.805
HbA1c

% 7.8 (1.5) 7.7 (1.4) 0.415
mmol/mol 61.6 (16.7) 60.5 (15.8) 0.415

Serum insulin (pmol/L) 170.0 (113.1) 151.2 (101.9) 0.022
Alcohol consumption (g/day) 5.0 (7.7) 5.3 (8.2) 0.589
Daily smoking 100 (25.5) 67 (22.1) 0.325
Cancer before inclusion 21 (5.3) 17 (5.5) 1.000
Year of inclusionb 1994.0 (3.5) 1994.1 (3.6) 0.519
Diabetes medication 164 (41.7) 139 (45.1) 0.398
University education 46 (11.7) 54 (17.5) 0.030

Follow-up

2-year remission 229 (69.8) 39 (15.9) <0.001
10-year remission 91 (34.1) 11 (6.5) <0.001

Data are mean (SD) except where n (%) is noted. aType of surgery: vertical banded gastroplasty (n 5 256, 65.1%), nonadjustable or adjustable
banding (n 5 69, 17.6%), and gastric bypass (n 5 68, 17.3%). bPatients were included between 1987 and 2001.
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as an independent predictor in women
(P 5 0.027) but not in men (P 5 0.897)
(Supplementary Table 4).
Next, we investigated whether degree

of weight loss after surgery was associ-
ated with cancer development. Within
the surgery group, no statistically signifi-
cant association between weight loss
and risk of cancer could be demon-
strated (P 5 0.092). However, when
comparing surgery participants with
greatest loss of body weight during the
1st year of follow-up with those with the
least weight loss in a somewhat under-
powered subanalysis, there was a trend
toward lower risk for future cancer after
greater weight loss (comparing weight
loss tertiles with greatest to smallest

weight loss, HRadj 0.58 [95% CI 0.30–1.12],
P5 0.102) (Supplementary Table 5).

Cancer Events by Baseline Diabetes
Duration
To analyze whether diabetes duration at
baseline was associated with cancer inci-
dence, additional analyses were per-
formed. When testing associations
between bariatric surgery and cancer
incidence in subgroups of participants
with screen-detected diabetes or estab-
lished diabetes separately, similar results
were obtained in both groups (HRadj
0.63 [95% CI 0.39–1.03, P 5 0.066] and
0.64 [0.39–1.03, P 5 0.068], respec-
tively) (Supplementary Fig. 3).

Cancer Events by 10-Year Remission
Status
We also analyzed whether diabetes
remission status during follow-up was
associated with cancer incidence. This
analysis showed that diabetes remission
at the 10-year follow-up was associated
with reduced cancer incidence in both
unadjusted and adjusted analyses (HR
0.45 [95% CI 0.25–0.83, P 5 0.011] and
HRadj 0.40 [0.22–0.74, P 5 0.003]) in
surgery and control participants com-
bined (Fig. 2). The exclusion of 10
patients with preinclusion events in a
sensitivity analysis yielded similar results
(HR 0.42 [0.22–0.81], P 5 0.010).

Incidence of Obesity-Related Cancer
During Follow-up
We also specifically analyzed the com-
bined incidence of the 13 obesity-
related cancer types (6) (Supplementary
Table 1). During the follow-up period,
42 events occurred in the control group
and 42 in the surgery group, and there
was no association between bariatric
surgery and incidence of obesity-related
cancer in men and women combined
(HR 0.74 [95% CI 0.48–1.13], P 5 0.158)
(Supplementary Table 6). Only age was
associated with risk of obesity-associ-
ated cancer both in univariable and
multivariable analyses.

When incidence of obesity-related can-
cer was analyzed separately in women
(56 events) and men (28 events), we
found that bariatric surgery was associ-
ated with a reduced incidence of obesity-
related cancer in unadjusted analyses in
women (HR 0.58 [95% CI 0.35–0.98],
P 5 0.040) but did not reach significance
after multivariable adjustments (HRadj

Log-rank test p=0.003
HR=0.60 (95% CI: 0.43-0.84), p=0.003
HRadj=0.63 (95% CI: 0.44-0.89), p=0.008
NNT=20
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Figure 1—Kaplan-Meier estimates of cumulative incidence of first-time cancer events in control
and surgery participants with obesity and diabetes. Per-protocol analysis adjusted for age, sex,
education, alcohol consumption, smoking, sagittal diameter, and serum insulin. IR/1000, inci-
dence rate per 1,000 person-years; NNT, number needed to treat.

Table 2—Univariable and multivariable Cox proportional hazards models for incident cancer

Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Surgery (yes vs. no) 0.60 (0.43–0.84) 0.003 0.63 (0.44–0.89) 0.008

Age (years) 1.07 (1.04–1.10) <0.001 1.07 (1.04–1.10) <0.001

Sex (men vs. women) 1.04 (0.75–1.46) 0.801 0.89 (0.61–1.31) 0.558

Alcohol consumption (g/day) 1.01 (0.98–1.03) 0.560 1.01 (0.98–1.03) 0.664

Daily smoking (yes vs. no) 1.28 (0.88–1.86) 0.204 1.46 (0.99–2.15) 0.057

Sagittal diameter (cm) 1.03 (0.98–1.08) 0.230 1.05 (1.00–1.10) 0.075

Serum insulin (pmol/L) 1.00 (0.99–1.01) 0.506 1.01 (1.00–1.01) 0.154

University education 0.95 (0.59–1.53) 0.834 0.89 (0.56–1.42) 0.625

HRs are expressed as “vs.” for dichotomous variables and per unit for continuous variables. Men coded as 1 and women as 0. Yes coded as 1
and no as 0.
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0.64 [0.38–1.09], P 5 0.101) (Supple-
mentary Fig. 4). Similar to overall cancer,
no association with surgery was detected
in men (HR 1.09 [0.52–2.29], P 5 0.828),
and there was no detectable difference
in treatment effect between men and
women (interaction P 5 0.166).

CONCLUSIONS

In this prospective controlled interven-
tion study with up to 31 years of follow-
up, we found that bariatric surgery was
associated with a decreased risk of can-
cer in patients with obesity and diabe-
tes. This finding is in line with previous
studies that have evaluated the effect
of bariatric surgery on cancer risk in
patients with obesity (13–17). More-
over, for the first time, we show that
durable diabetes remission in patients
with obesity and diabetes is associated
with a drastically reduced risk of cancer
development long term.

Remission of type 2 diabetes is often
achieved after bariatric surgery–induced
weight loss. We and others have previ-
ously reported that patients with a
short diabetes duration at the time of
surgical treatment have a higher chance
for diabetes remission after surgery and
a lower risk of diabetes complications
long term (20,26). However, the associa-
tion between bariatric surgery and

cancer risk was similar in groups of
patients with short or long diabetes
duration. On the other hand, we
observed that durable diabetes remis-
sion was associated with a 60% reduc-
tion of cancer risk. Patients who are in
remission no longer require antidiabetic
treatment (including insulin) and have
lower endogenous insulin levels (27).
Thus, this finding supports the role of
insulin as a reversible cancer risk factor.
Moreover, the observed cancer risk
reduction in the current report adds to
other health benefits of bariatric surgery
in patients with obesity and diabetes,
such as reduced risk of microvascular
complications, myocardial infarction, and
mortality (28–30).

In the overall analysis, during follow-
up we found a 37% reduced risk of inci-
dent cancer after bariatric surgery in
patients with obesity and diabetes. This
may be compared with the meta-esti-
mate from six observational studies dis-
playing a 45% cancer risk reduction with
bariatric surgery in patients with obe-
sity, irrespective of diabetes status (17).
When performing analyses stratified by
sex, bariatric surgery was associated
with a reduced overall risk of cancer
only in women, although we could not
detect a difference in treatment effect
between men and women (sex-treat-
ment interaction nonsignificant).

Nonetheless, it has been shown repeat-
edly that cancer risk reduction in
patients with obesity is more marked
among women than men (13–15,17).
Possible explanations for the association
with surgery in women may be that
cancer rates are higher in women with
diabetes than in men with diabetes (9)
and that common cancer types associ-
ated with obesity are female specific
(6). These assumptions are supported
by our current results where the risk
reduction for obesity-related cancers in
women was even more pronounced
than the overall cancer risk reduction in
women. Furthermore, both estrogen
and insulin are cancer risk factors that
are increased in obesity, each with the
capacity to regulate the secretion and
signaling pathway of the other (31),
and bariatric surgery has been shown
to reduce circulating levels of estro-
gen as well as other cancer-associ-
ated biomarkers (32–34). Moreover,
insulin may increase the fraction of
bioactive estrogen by suppression of
sex hormone–binding globulin and
thereby contribute to the promotion
of estrogen-dependent breast and
endometrial cancer (31,35). Indeed,
we previously examined the associa-
tion of bariatric surgery with incidence
of female-specific cancer events irrespec-
tive of diabetes status in the SOS study
and found that bariatric surgery was
associated with a greater cancer risk
reduction in women with hyperinsuline-
mia at baseline (36). In patients with dia-
betes however, insulin levels are harder
to interpret, and in the current study, the
cancer risk reduction with surgery was
comparable, regardless of baseline insulin
levels.

Studies also have suggested a possible
association between the magnitude of
weight loss and cancer risk reduction fol-
lowing both lifestyle and bariatric sur-
gery interventions (37–39). We observed
a similar, but not significant trend where
patients in the highest weight loss tertile
(average �44.8 kg) had a somewhat
lower risk of cancer compared with the
lowest weight loss tertile (average �14.9
kg). In the randomized Look AHEAD
(Action for Health in Diabetes) trial,
intensive lifestyle intervention led to an
average weight loss of 8.7 kg at 1 year
and 6.8 kg at 12 years, and there was a
tendency toward a reduced risk of obe-
sity-related cancer in individuals with

Log-rank test p=0.009
HR=0.45 (95% CI: 0.25-0.83), p=0.011
HRadj=0.40 (95% CI: 0.22-0.74), p=0.003
NNT=17
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Figure 2—Kaplan-Meier estimates of cumulative incidence of first-time cancer events stratified
by 10-year remission status in surgery and control participants combined. Adjusted for age,
sex, education, alcohol consumption, smoking, sagittal diameter, and serum insulin. IR/1000,
incidence rate per 1,000 person-years; NNT, number needed to treat.
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overweight/obesity and type 2 diabetes
(38). In light of these data, it may be
speculated that interventions resulting in
greater weight loss should be recom-
mended in patients with obesity and
diabetes.
Also of note, the link between diabe-

tes and cancer appears to be bidirec-
tional. For example, it has been reported
that cancer survivors have a higher risk
of developing type 2 diabetes (40). Fur-
thermore, treatments ensuring glycemic
control and weight loss regimens seem
important not only for reducing the risk
of cancer but also for improving progno-
sis in cancer survivors, as illustrated by
results from the Reach for Health Study
(41). In the Reach for Health Study, the
effects of weight loss and metformin
treatment on type 2 diabetes–related
biomarkers in postmenopausal breast
cancer survivors with overweight/obesity
were analyzed. It was demonstrated that
both treatments advantageously affect
concentrations of insulin and sex hormo-
ne–binding globulin, and the combined
effects of weight loss and metformin
treatments were found to be additive
(41). The complexity of these important
findings points to the urgent need for
additional research in this area.
Major strengths of the SOS study are

the very long follow-up and the pro-
spective study design, examinations to
determine diabetes status, and the pos-
sibility of acquiring information from
comprehensive national registers. Sev-
eral limitations also are noted. First, the
SOS study was initiated before repeated
measurements were routinely used for
the diagnosis of type 2 diabetes; thus,
diabetes diagnosis was based on meas-
urements at a single time point and/or
use of diabetes medication. Second, the
majority of the participants in the sur-
gery group had undergone vertical
banded gastroplasty or banding, proce-
dures rarely used today. Third, because
of high postoperative mortality after
bariatric surgery at the time when the
SOS study was started, the study could
not be randomized for ethical reasons.
Fourth, cancer incidence was not a pre-
defined end point in the SOS study and,
thus, SOS was not designed to address
the current research question or pow-
ered for subgroup/sex-stratified analy-
ses as was performed here; hence, all
the current study analyses are explor-
ative. Finally, because of the high

probability of patients undergoing treat-
ment changes during the long follow-up
period, we were unable to examine the
potential impact of various diabetes
medications on cancer risk, and it should
also be noted that because of lack of
consensus regarding cancers directly
associated with type 2 diabetes, indepen-
dent from obesity, we refrained from
performing such analyses (8,9).

In conclusion, with increasing rates of
obesity and diabetes worldwide, a greater
emphasis on cancer prevention strategies
is needed. Our results suggest that bariat-
ric surgery may greatly reduce the risk of
cancer among patients with obesity and
diabetes. Moreover, durable diabetes
remission seems imperative for cancer
prevention in patients with obesity and
diabetes.
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