Original article

Obesity surgery and risk of cancer
H. Mackenzie1 , S. R. Markar1,5 , A. Askari1 , O. Faiz1,3 , M. Hull4 , S. Purkayastha1 , H. Møller2
and J. Lagergren2,5
1
Department of Surgery and Cancer, Imperial College London, and 2 Division of Cancer Studies, King’s College London, and Guy’s and St Thomas’
NHS Foundation Trust, London, 3 Department of Surgery, St Mark’s Hospital and Academic Institute, Harrow, and 4 Section of Molecular
Gastroenterology, Leeds Institute of Biomedical and Clinical Sciences, St James’s University Hospital, Leeds, UK, and 5 Department of Molecular
Medicine and Surgery, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden
Correspondence to: Dr S. R. Markar, Department Surgery and Cancer, Imperial College London, 10th Floor QEQM Building, St Mary’s Hospital, South
Wharf Road, London W2 1NY, UK (e-mail: s.markar@imperial.ac.uk)

Background: Obesity increases the risk of several types of cancer. Whether bariatric surgery influences

the risk of obesity-related cancer is not clear. This study aimed to uncover the risk of hormone-related
(breast, endometrial and prostate), colorectal and oesophageal cancers following obesity surgery.
Methods: This national population-based cohort study used data from the Hospital Episode Statistics
database in England collected between 1997 and 2012. Propensity matching on sex, age, co-morbidity
and duration of follow-up was used to compare cancer risk among obese individuals undergoing bariatric
surgery (gastric bypass, gastric banding or sleeve gastrectomy) and obese individuals not undergoing such
surgery. Conditional logistic regression provided odds ratios (ORs) with 95 per cent confidence intervals.
Results: In the study period, from a cohort of 716 960 patients diagnosed with obesity, 8794 patients who
underwent bariatric surgery were matched exactly with 8794 obese patients who did not have surgery.
Compared with the no-surgery group, patients who had bariatric surgery exhibited a decreased risk of
hormone-related cancers (OR 0⋅23, 95 per cent c.i. 0⋅18 to 0⋅30). This decrease was consistent for breast
(OR 0⋅25, 0⋅19 to 0⋅33), endometrium (OR 0⋅21, 0⋅13 to 0⋅35) and prostate (OR 0⋅37, 0⋅17 to 0⋅76) cancer.
Gastric bypass resulted in the largest risk reduction for hormone-related cancers (OR 0⋅16, 0⋅11 to 0⋅24).
Gastric bypass, but not gastric banding or sleeve gastrectomy, was associated with an increased risk of
colorectal cancer (OR 2⋅63, 1⋅17 to 5⋅95). Longer follow-up after bariatric surgery strengthened these
diverging associations.
Conclusion: Bariatric surgery is associated with decreased risk of hormone-related cancers, whereas
gastric bypass might increase the risk of colorectal cancer.
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Introduction

Obesity, defined as a BMI over 30 kg/m2 , is an increasing
global health problem1 . Since 1980 the prevalence of
obesity has nearly doubled, and currently more than half a
billion of the world’s adult population are obese2 . Obesity
increases the risk of overall mortality and of certain cancer types, as well as cardiovascular, respiratory and liver
diseases3 . Hormone-related cancer (breast, endometrium
and prostate), colorectal cancer and oesophageal cancer
have all been associated with obesity4 . Obesity (bariatric)
surgery is the only evidence-based treatment that offers
substantial and long-lasting weight reduction in severely
obese individuals5 . The use of bariatric surgery has
increased in England and elsewhere during the past
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three decades6 , and is presently among the most commonly performed gastrointestinal operations globally, with
approximately 468 609 laparoscopic operations a year7 .
Bariatric surgery has gained support from studies5,8,9
showing improved long-term survival and improvements in
diabetes and cardiovascular conditions compared with rates
in unoperated obese individuals. However, there is limited
knowledge on how bariatric surgery influences cancer risk,
and the existing studies10 – 14 show conflicting results.
Three dominating bariatric surgery procedures – gastric
bypass, gastric banding and sleeve gastrectomy – have different mechanisms. Gastric bypass is restrictive (reduced
gastric reservoir), malabsorptive (as the small gastric reservoir drains into the small bowel so that the nutrient stream
is diverted away from the gastric fundus and antrum, the
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duodenum and proximal jejunum), and mediates hormonal
changes (promoting early satiety and suppressing hunger).
Gastric banding is restrictive (limiting the gastric reservoir,
provoking early satiety and slowing down emptying from
the pouch, thereby decreasing food intake). Sleeve gastrectomy is also restrictive, it reduces the gastric reservoir by
narrowing the width of the stomach.
This study aimed to compare the risk of five types
of cancer (breast, endometrial, prostate, colorectal and
oesophageal) in obese individuals who have undergone
bariatric surgery with matched obese individuals who have
not had such surgery.
Methods

This study was based on a nationwide English
population-based cohort of patients over the age of
17 years who were diagnosed with obesity between 1 April
1997 and 31 March 2012. Data were derived from the
Hospital Episode Statistics (HES) database15 . Patients
with obesity were identified using the ICD-10 code E66.
Patients were tracked through HES using their unique
identifier to ascertain all cohort members who underwent
bariatric surgery. The HES was also used to identify
study participants who developed cancer. All patients were
followed through the entirety of the HES or until death
as defined by the Office for National Statistics database.
HES captures all patients treated in public sector hospitals
and the minority of patients treated in privately funded
institutions. All diagnostic and procedural codes were
verified nationally and locally.
Surgical procedures were identified using OPCS
fourth revision codes for gastric bypass (G281–G283,
G288–G289, G310–G316, G318–G325, G328–G332,
G335–G336,
G338–G339),
gastric
banding
(G301–G304, G308–G309) and sleeve gastrectomy
(G284, G285). Within the study interval, 171 patients
underwent intragastric balloon procedures, and two
patients had a duodenal switch procedure alone and were
excluded from the analysis. The incidence of breast,
endometrial, prostate, colorectal and oesophageal cancers
in patients who underwent bariatric surgery (exposed
group) was compared against propensity-matched obese
individuals who did not have such surgery (control group).
The five studied cancer types were identified with ICD-10
codes for breast cancer (C50, D05), endometrial cancer
(C54, D070), prostate cancer (C61, D075), colorectal
cancer (C18–C20, D010–D012) and oesophageal cancer
(C15, D001). Cancer outcomes were further compared for
the different bariatric procedures; gastric bypass, gastric
banding and sleeve gastrectomy.
© 2018 BJS Society Ltd
Published by John Wiley & Sons Ltd

Permission and ethical approval for the comparison of
anonymized administrative data was obtained from the
National Information Governance Board for Health and
Social Care in England.

Propensity matching and statistical analysis
Propensity scores were calculated with a logistic regression model predicting the dependent variable of bariatric
surgery or not. Co-variables included in the model
were sex, age (each year), Charlson Co-morbidity Index
(categorical score 0–9) and duration of study period
(continuous variable in months). Patients who underwent
bariatric surgery (exposed group) were matched, with exact
propensity scores, on a one-to-one basis with patients in
the obese study cohort who did not undergo bariatric
surgery (control group). The length of the study period
was defined as the time from first diagnosis of obesity in
both groups to the final day of the study period or death,
whichever occurred first. Patients diagnosed with cancer
earlier than their entry into the cohort were excluded
before matching. Each patient who underwent bariatric
surgery (exposed) was matched with a no-surgery patient
(unexposed) for length of study period and date of diagnosis. The matched control patients were then assigned an
intervention date, according to the surgery date of their
exposed matched pair. If one of the pair died (a few cases
only), follow-up of their matched pair was truncated to
the date of death. Thus the length of follow-up for each
exposed and control pair was the same. In both groups,
cancers that developed between the date of diagnosis of
obesity and the intervention date were excluded. Patients
in the bariatric surgery group and their matched comparison subject in the control group were tracked from the
intervention date until the end of follow-up, to identify
those who developed the studied cancers.
To estimate the relative risk of developing cancer following bariatric surgery 2 × 2 contingency tables were created.
The columns corresponded to whether the patient had
undergone bariatric surgery (and its subtypes) or not
(controls), and the rows corresponded to whether the
patient developed the studied cancers or not: hormonal
overall, breast (women only), endometrial (women only),
prostate (men only), colorectal and oesophageal. χ2 analysis was used to calculate odds ratios (ORs) with 95 per
cent confidence intervals of developing cancer in the
bariatric surgery group. To avoid detection bias, patients
in both groups diagnosed with cancer within 1 year of the
intervention date were excluded from the χ2 analysis. To
identify whether bariatric surgery was more protective in
older patients, a subgroup analysis including all patients
over the age of 40 years was performed. This included
www.bjs.co.uk
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contingency tables and χ2 analyses for bariatric surgery
overall and all the studied cancers. These categorical
variables are presented as percentages, and continuous
variables as median (i.q.r.) values.
Kaplan–Meier plots were created for visual comparison
of disease-free survival, from overall hormonal cancers and
colorectal cancer, in the bariatric surgery group and in the
subset of patients who had a gastric bypass. Disease-free
survival in these groups was compared using the log rank
test. In addition, Cox regression models were used to investigate how the relative risk of developing overall hormonal
cancer and colorectal cancer in the bariatric surgery and
gastric bypass groups changed over time. Cox regression
models were created at less than 1, 5, 10 and 15 years after
surgery, providing hazard ratios (HRs) with 95 per cent
confidence intervals. The dependent variable was cancer or
not, and, as the groups were matched for available relevant
co-variables, the only co-variable included was whether the
patient was an exposed or a control patient.
All statistical analyses were performed using the statistical software SPSS® version 24 (IBM, Armonk, New
York, USA).

Risk of breast, endometrial, prostate, colorectal and
oesophageal cancer in control and bariatric surgery groups

Table 2

Bariatric
Control
surgery
(n = 8794†) (n = 8794†)
Breast cancer (women only)
Endometrial cancer (women
only)
Prostate cancer (men only)
Hormone-related cancers
Overall
Men
Women
Colorectal cancer
Overall
Men
Women
Oesophageal cancer
Overall
Men
Women

Characteristics of study participants with obesity in
control and bariatric surgery groups

Table 1

Age at diagnosis (years)*
Duration of follow-up (months)*
Sex ratio (M : F)
Charlson Co-morbidity Index
0
1
2
3
4
5
9

Control
(n = 8794)

Bariatric surgery
(n = 8794)

42 (35–50)
55 (30–94)
1725 : 7069

42 (35–50)
55 (30–94)
1725 : 7069

5697 (64⋅8)
2438 (27⋅7)
555 (6⋅3)
86 (1⋅0)
15 (0⋅2)
2 (0⋅0)
1 (0⋅0)

5697 (64⋅8)
2438 (27⋅7)
555 (6⋅3)
86 (1⋅0)
15 (0⋅2)
2 (0⋅0)
1 (0⋅0)

61 (0⋅9)
18 (0⋅3)

0⋅25 (0⋅19, 0⋅33)
0⋅21 (0⋅13, 0⋅35)

27 (1⋅6)

10 (0⋅6)

0⋅37 (0⋅17, 0⋅76)

318 (3⋅6)
27 (1⋅6)
291 (4⋅1)

75 (0⋅9)
10 (0⋅6)
65 (0⋅9)

0⋅23 (0⋅18, 0⋅30)
0⋅37 (0⋅17, 0⋅76)
0⋅22 (0⋅17, 0⋅28)

16 (0⋅2)
6 (0⋅3)
10 (0⋅1)

35 (0⋅4)
9 (0⋅5)
26 (0⋅4)

2⋅19 (1⋅21, 3⋅96)
1⋅50 (0⋅53, 4⋅23)
2⋅61 (1⋅26, 5⋅41)

8 (0⋅1)
5 (0⋅3)
3 (0⋅0)

4 (0⋅0)
4 (0⋅2)
0 (0⋅0)

0⋅50 (0⋅15, 1⋅66)
0⋅80 (0⋅21, 2⋅98)
0⋅14 (0⋅01, 2⋅77)

Values in parentheses are percentages unless indicated otherwise; *values
in parentheses are 95 per cent confidence intervals. †Includes 7069
women and 1725 men.

Risk of breast, endometrial, prostate, colorectal and
oesophageal cancer in control and gastric bypass groups

Table 3

Results

The entire study cohort included 716 960 patients diagnosed with obesity during the study interval, of whom
9102 (1⋅3 per cent) underwent bariatric surgery. Of
these, 308 patients were excluded as there were no exact
matches among the unoperated cohort. Thus, 8794 operated patients and the same number of exactly matched
unoperated patients remained for final analysis. For both
groups, the median age was 42 years, the median length
of follow-up was 55 months, 7069 (80⋅4 per cent) were
women and 5697 (64⋅8 per cent) had a co-morbidity
score of zero (Table 1). Of the operated patients,

Odds ratio*

239 (3⋅4)
84 (1⋅2)

Gastric
Control
bypass
(n = 4978†) (n = 4978†)
Breast cancer (women
only)
Endometrial cancer
(women only)
Prostate cancer (men only)
Hormone-related cancers
Overall
Men
Women
Colorectal cancer
Overall
Men
Women
Oesophageal cancer
Overall
Men
Women

Odds ratio*

129 (3⋅2)

29 (0⋅7)

0⋅22 (0⋅15, 0⋅33)

50 (1⋅3)

4 (0⋅1)

0⋅08 (0⋅03, 0⋅22)

18 (1⋅8)

4 (0⋅4)

0⋅22 (0⋅07, 1⋅65)

181 (3⋅6)
18 (1⋅8)
163 (4⋅1)

30 (0⋅6)
4 (0⋅4)
26 (0⋅7)

0⋅16 (0⋅11, 0⋅24)
0⋅22 (0⋅07, 1⋅65)
0⋅15 (0⋅10, 0⋅23)

8 (0⋅2)
3 (0⋅3)
5 (0⋅1)

21 (0⋅4)
6 (0⋅6)
15 (0⋅4)

2⋅63 (1⋅17, 5⋅95)
2⋅01 (0⋅50, 8⋅04)
3⋅01 (1⋅09, 8⋅28)

7 (0⋅1)
4 (0⋅4)
3 (0⋅1)

2 (0⋅0)
2 (0⋅2)
0 (0)

0⋅29 (0⋅06, 1⋅38)
0⋅50 (0⋅09, 2⋅73)
7⋅01 (0⋅36, 135⋅67)

Values in parentheses are percentages unless indicated otherwise; *values
in parentheses are 95 per cent confidence intervals. †Includes 3986
women and 992 men.

4978 (56⋅6 per cent) underwent gastric bypass, 2957 (33⋅6
per cent) underwent gastric banding and 859 (9⋅8 per cent)
had a sleeve gastrectomy.

Bariatric surgery and risk of hormone-related
cancers

Values in parentheses are percentages unless indicated otherwise; *values
are median (i.q.r.).

The risk of the three studied hormone-related cancers
together was decreased following bariatric surgery (OR
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Table 4 Risk of breast, endometrial, prostate, colorectal and
oesophageal cancer in control and gastric banding groups
Gastric
Control
banding
(n = 2957†) (n = 2957†)
Breast cancer (women
only)
Endometrial cancer
(women only)
Prostate cancer (men only)
Hormone-related cancers
Overall
Men
Women
Colorectal cancer
Overall
Men
Women
Oesophageal cancer
Overall
Men
Women

Risk of breast, endometrial, prostate, colorectal and
oesophageal cancer in control and sleeve gastrectomy groups

Table 5

Sleeve
Control gastrectomy
(n = 859†) (n = 859†)

Odds ratio*

94 (3⋅9)

29 (1⋅2)

0⋅30 (0⋅20, 0⋅46)

30 (1⋅2)

13 (0⋅5)

0⋅43 (0⋅22, 0⋅83)

6 (1⋅2)

6 (1⋅2)

1⋅00 (0⋅32, 3⋅12)

118 (4⋅0)
6 (1⋅2)
112 (4⋅6)

41 (1⋅4)
6 (1⋅2)
35 (1⋅4)

0⋅34 (0⋅23, 0⋅48)
1⋅00 (0⋅32, 3⋅12)
0⋅30 (0⋅21, 0⋅44)

6 (0⋅2)
1 (0⋅2)
5 (0⋅2)

10 (0⋅3)
1 (0⋅2)
9 (0⋅4)

1⋅67 (0⋅61, 4⋅60)
1⋅00 (0⋅06, 16⋅03)
1⋅80 (0⋅60, 5⋅38)

0 (0)
0 (0)
0 (0)

2 (0⋅1)
2 (0⋅4)
0 (0)

5⋅00 (0⋅24, 104⋅27)
5⋅00 (0⋅24, 104⋅80)
–

Breast cancer (women
only)
Endometrial cancer
(women only)
Prostate cancer (men only)
Hormone-related cancers
Overall
Men
Women
Colorectal cancer
Overall
Men
Women
Oesophageal cancer
Overall
Men
Women

Odds ratio*

16 (2⋅5)

3 (0⋅5)

0⋅18 (0⋅05, 0⋅63)

4 (0⋅6)

1 (0⋅2)

0⋅25 (0⋅03, 2⋅23)

3 (1⋅4)

0 (0)

7⋅10 (0⋅36, 138⋅31)

19 (2⋅2)
3 (1⋅4)
16 (2⋅5)

4 (0⋅5)
0 (0)
4 (0⋅6)

0⋅21 (0⋅07, 0⋅61)
7⋅10 (0⋅36, 138⋅31)
0⋅25 (0⋅08, 0⋅74)

2 (0⋅2)
2 (0⋅9)
0 (0)

4 (0⋅5)
2 (0⋅9)
2 (0⋅3)

2⋅01 (0⋅37, 10⋅97)
1⋅00 (0⋅14, 7⋅17)
0⋅20 (0⋅01, 4⋅16)

1 (0⋅1)
1 (0⋅5)
0 (0)

0 (0)
0 (0)
0 (0)

3⋅00 (0⋅12, 73⋅84)
3⋅01 (0⋅12, 74⋅41)
–

Values in parentheses are percentages unless indicated otherwise; *values
in parentheses are 95 per cent confidence intervals. †Includes 647 women
and 212 men.

0⋅23, 95 per cent c.i. 0⋅18 to 0⋅30). This was a consistent
finding across all three hormonal cancers studied, with an
OR of 0⋅25 (0⋅19 to 0⋅33) for breast cancer, 0⋅21 (0⋅13 to
0⋅35) for endometrial cancer and 0⋅37 (0⋅17 to 0⋅76) for
prostate cancer (Table 2). The subgroup analysis of patients
aged over 40 years demonstrated similar results: OR 0⋅23
(0⋅17 to 0⋅32) for breast cancer, 0⋅21 (0⋅13 to 0⋅36) for
endometrial cancer and 0⋅34 (0⋅16 to 0⋅73) for prostate
cancer (Table S1, supporting information).

Gastric bypass was associated with the largest risk reduction of all three studied hormone-related cancers (OR
0⋅16, 95 per cent c.i. 0⋅11 to 0⋅24), but gastric banding
(OR 0⋅34, 0⋅23 to 0⋅48) and sleeve gastrectomy (OR 0⋅21,
0⋅07 to 0⋅61) were also associated with strongly decreased
risks (Tables 3–5). Again, the finding was consistent across
all three cancer types, although gastric bypass was the
only obesity surgery procedure associated with a significant
reduction in the risk of prostate cancer (Table 3).
100

100
Cumulative cancer-free survival (%)

Cumulative cancer-free survival (%)

Values in parentheses are percentages unless indicated otherwise; *values
in parentheses are 95 per cent confidence intervals. †Includes 2436
women and 521 men.

98
96
94

Control cohort
Obesity surgery cohort

92

0

10

20

30

40

98
96
94
92

0

50

Time after obesity diagnosis (months)
No. at risk
Surgery 8794

7468

6184

4838

3699

2718

8794

7393

6099

4769

3654

2676

Control

a

Any bariatric surgery

10

20

30

40

50

Time after obesity diagnosis (months)
No. at risk
Surgery 4978
Control

b

4978

4227

3447

2689

1994

1450

4184

3402

2651

1971

1430

Gastric bypass

Fig. 1 Kaplan–Meier curves of freedom from hormone-related cancer following a any bariatric surgery and b gastric bypass versus the
control unoperated cohort. a P < 0⋅001, b P < 0⋅001 (log rank test)

© 2018 BJS Society Ltd
Published by John Wiley & Sons Ltd

www.bjs.co.uk

BJS

Obesity surgery and risk of cancer

Risk of hormone-related cancer (breast, endometrial and
prostate) and colorectal cancer at 1, 5, 10 and 15 years after
bariatric surgery and gastric bypass

Table 6

Hazard ratio
Time after surgery (years)

Hormone-related cancer

Colorectal cancer

0⋅46 (0⋅30, 0⋅69)
0⋅23 (0⋅17, 0⋅30)
0⋅22 (0⋅17, 0⋅29)
0⋅23 (0⋅18, 0⋅30)

1⋅51 (0⋅25, 9⋅03)
2⋅13 (1⋅11, 4⋅13)
2⋅00 (1⋅10, 3⋅64)
2⋅19 (1⋅21, 3⋅96)

0⋅28 (0⋅15, 0⋅51)
0⋅19 (0⋅13, 0⋅29)
0⋅17 (0⋅11, 0⋅25)
0⋅16 (0⋅11, 0⋅24)

1⋅00 (0⋅14, 7⋅13)
2⋅64 (1⋅03, 6⋅74)
2⋅25 (0⋅98, 5⋅17)
2⋅64 (1⋅17, 5⋅96)

Bariatric surgery*
≤1
≤5
≤ 10
≤ 15
Gastric bypass
≤1
≤5
≤ 10
≤ 15

Values in parentheses are 95 per cent confidence intervals. *Gastric
bypass, gastric banding or sleeve gastrectomy.

Kaplan–Meier analysis of freedom from hormonerelated cancers following any bariatric surgery showed
a steadily divergent curve from the unoperated control
(Fig. 1a), and this pattern was strengthened following gastric bypass (Fig. 1b). The HR for hormone-related cancer
within 1 year in the bariatric surgery group was 0⋅46 (95
per cent c.i. 0⋅30 to 0⋅69). This halved within 5 years to
0⋅23 (0⋅17 to 0⋅30) and remained at a similarly decreased
level until the end of the study period (Table 6). There was
a similar finding in the gastric bypass group, although the
HRs were further decreased: within 1 year the HR was 0⋅28
(0⋅15 to 0⋅51), which decreased to 0⋅19 (0⋅13 to 0⋅29) within
5 years and 0⋅16 (0⋅11 to 0⋅24) within 15 years (Table 6).

Bariatric surgery and risk of colorectal cancer
Patients undergoing bariatric surgery had a greater than
twofold increased risk of developing colorectal cancer
compared with unoperated patients (OR 2⋅19, 95 per
cent c.i. 1⋅21 to 3⋅96) (Table 2). The risk of patients over
40 years developing colorectal cancer was greater following
bariatric surgery (OR 2⋅43, 1⋅31 to 4⋅55) (Table S1, supporting information). When analysing the bariatric procedures individually, gastric bypass was the only procedure
that increased the risk of colorectal cancer (OR 2⋅63, 1⋅17
to 5⋅95) (Table 3).
Kaplan–Meier analysis of freedom from colorectal cancer following any bariatric surgery and gastric bypass is
shown in Fig. 2. The colorectal cancer curves demonstrated
an initial latency period during which there was no change
in the incidence of colorectal cancer between the comparison groups (Fig. 2a). However, after this initial period the
curves diverged, with an increasing incidence of colorectal
cancer in the surgery cohort. This difference was strengthened in the gastric bypass group (Fig. 2b).
This finding was consolidated by the Cox regression analysis, which for the bariatric surgery cohort
showed no clear change in risk within 1 year (HR 1⋅51,
95 per cent c.i. 0⋅25 to 9⋅03), but increasing HRs in the
surgery group within 5 years (HR 2⋅13, 1⋅11 to 4⋅13) and
within 15 years of the operation (HR 2⋅19, 1⋅21 to 3⋅96)
(Table 6).
A similar, but more pronounced, pattern was seen following gastric bypass surgery. Within 1 year the HR was
1⋅00 (95 per cent c.i. 0⋅14 to 7⋅13), increasing to 2⋅64
100
Cumulative cancer-free survival (%)

Cumulative cancer-free survival (%)

100
98
96
94
92

Control cohort
Obesity surgery cohort

90

0

10

20

30

40

98
96
94
92
90

0

50

Time after obesity diagnosis (months)
No. at risk
Surgery 8794

7495

6223

4875

3729

2746

8794

7493

6221

4875

3731

2746

Control

a

Any bariatric surgery

10

20

30

40

50

Time after obesity diagnosis (months)
No. at risk
Surgery 4978

4237

3465

2705

2009

1466

4978

4236

3463

2705

2010

1466

Control

b

Gastric bypass

Fig. 2 Kaplan–Meier curves of freedom from colorectal cancer following a any bariatric surgery and b gastric bypass versus the control
unoperated cohort. a P = 0⋅021, b P = 0⋅008 (log rank test)
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(1⋅03 to 6⋅74) within 5 years and 2⋅64 (1⋅17 to 5⋅96) within
15 years (Table 6).

Bariatric surgery and risk of oesophageal cancer
The overall incidence of oesophageal cancer was low in
both the bariatric surgery and control groups (Table 2).
None of the bariatric procedures demonstrated a significant change in risk for oesophageal cancer, although the
odds ratio following gastric bypass was low (Table 3). The
incidence of oesophageal cancer was too low to perform a
time-dependent analysis as described for the other cancer
types.
Discussion

This study indicates that bariatric surgery using gastric
bypass, gastric banding or sleeve gastrectomy is associated
with a substantial reduction in the risk of hormone-related
cancers of the breast, endometrium and prostate. Interestingly, gastric bypass was also associated with an increased
risk of colorectal cancer.
It is important to consider the validity of this study when
interpreting the findings. The population-based design
with propensity matching of unoperated obese individuals,
the large sample size and the completeness of follow-up
are among the methodological strengths. A weakness is
that, in the HES database, obesity was coded only as a
co-morbidity, and exact weight and BMI data were not
available. This introduces a potential source of bias, as the
allocation of patients for bariatric surgery is commonly
based on the absolute BMI and the presence of medical
co-morbidities in the UK, which did evolve during the
study period16 . However, as the direction of change in
hormone-related and colorectal cancer were opposite and
strong, an underlying difference in BMI or co-morbidity
between the comparison groups is unlikely to be the primary driver for the changes in cancer incidence observed.
Furthermore, changes in BMI or medical co-morbidity
status following surgery could not be assessed and thus
it was not possible to make a correlation between BMI
changes after surgery and cancer risk. However, gastric
bypass and sleeve gastrectomy have been shown17,18 to
result in more weight loss compared with gastric banding,
and these procedures had the strongest influence on
hormone-related cancer risk.
Obese individuals may have concomitant maladaptive
social or behavioural patterns, including tobacco-smoking,
high alcohol intake and low physical activity, all of which
are potential confounding factors that are not coded
in HES and therefore not included in the propensity
© 2018 BJS Society Ltd
Published by John Wiley & Sons Ltd

matching4 . However, the propensity matching for sex, age,
co-morbidity and length of follow-up created a similar
control group.
Although the sample size was large, the statistical power
for assessing the risk of oesophageal cancer was low due
to the low incidence of this cancer. Moreover, there was
a lack of tumour histology within the data set. Thus,
oesophageal squamous cell carcinoma, which is not associated with obesity, was included in the analysis, which could
have diluted potential associations with the obesity-related
adenocarcinoma of the oesophagus.
There was a fivefold reduction in the incidence of
hormone-related cancers following bariatric surgery, particularly in patients who had undergone gastric bypass
or sleeve gastrectomy. However, it must also be noted
that there was a threefold reduction in the incidence of
hormone-related cancers after gastric banding. Some previous publications10 – 14 have also demonstrated associations between bariatric surgery and hormone-related cancers, but the evidence has been conflicting. Importantly, the
present study included 56⋅6 per cent of patients receiving
a gastric bypass, a much greater proportion than in previously conducted studies, potentially increasing the percentage weight loss and anticancer effects within the bariatric
surgery cohort.
Modulation of the levels of sex hormones (oestrogens
and androgen) can reduce the risk of hormone-dependent
tumours14 . The mechanism of reduced risk of breast and
endometrial cancer following bariatric surgery may be due
to a decrease in oestrogen levels and an increase in sex
hormone-binding globulin, thus removing the neoplastic
driver19 . Regarding endometrial cancer specifically, it has
been suggested that endometrial hyperplasia can be counteracted by bariatric surgery20 . Bariatric surgery can also
normalize the serum testosterone level and possibly reduce
the risk of prostate cancer21 , which might help explain the
results of the present study regarding this cancer.
Interestingly, there was a greater than twofold increased
risk of colorectal cancer following gastric bypass. This finding parallels the results observed in a Swedish study22 ,
which demonstrated a twofold increased risk of colorectal cancer at 10 years or more after bariatric surgery. In
line with these results are the findings of increased proliferation of the rectal mucosa and increased biomarker
levels after gastric bypass surgery23 , as well as the finding
that an inflammatory environment stimulates hyperproliferation of the bowel mucosa following bariatric surgery24 .
Research has also suggested that metabolic changes following gastric bypass surgery may be at least partially
mediated by changes in the gut microbiome following
gastrointestinal reconstruction25,26 . There is a need for
www.bjs.co.uk
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further investigation to understand better the biological mechanism and interplay with the gut microbiome
underpinning this observed increase in colorectal cancer following Roux-en-Y gastric bypass surgery. Whether
colonoscopy surveillance may be considered after gastric
bypass requires more research to establish the association
and to evaluate benefits against costs of any such surveillance. Nevertheless, the available research taken together
may indicate a role for prompt colonoscopy in patients
who present with bowel symptoms following gastric bypass
surgery.
There are potential mechanisms by which gastric bypass may reduce the incidence of oesophageal
adenocarcinoma27 . These include the antireflux component of the procedure, which may alter the well established
causal link between obesity and reflux and oesophageal
adenocarcinoma28,29 . In addition, sex hormone exposure may play a role in the aetiology of oesophageal
adenocarcinoma30 . However, in the present study bariatric
surgery did not alter the risk of oesophageal cancer,
although the statistical power was low, leaving a risk of
type II error, and the inclusion of squamous cell carcinoma
might have diluted associations with adenocarcinoma.

Acknowledgements

H.M. and S.R.M. contributed equally to this publication
and are acknowledged as joint first authors.
S.R.M. is supported by the National Institute of Health
Research (NIHR-CTF-2015-04-09). J.L. is supported by
the Karolinska Institutet Distinguished Professor Award
(D-02418/2010).
Disclosure: The authors declare no conflict of interest.

5
6

7

8

9

10

11

12

13

14

15

References
1 Roberto CA, Swinburn B, Hawkes C, Huang TT, Costa SA,
Ashe M et al. Patchy progress on obesity prevention:
emerging examples, entrenched barriers, and new thinking.
Lancet 2015; 385: 2400–2409.
2 Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK,
Paciorek CJ et al.; Global Burden of Metabolic Risk Factors
of Chronic Diseases Collaborating Group (Body Mass
Index). National, regional, and global trends in body-mass
index since 1980: systematic analysis of health examination
surveys and epidemiological studies with 960 country-years
and 9⋅1 million participants. Lancet 2011; 377: 557–567.
3 Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze
MB, Overvad K et al. General and abdominal adiposity and
risk of death in Europe. N Engl J Med 2008; 359: 2105–2120.
4 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M.
Body-mass index and incidence of cancer: a systematic review

© 2018 BJS Society Ltd
Published by John Wiley & Sons Ltd

16

17

18

19
20

and meta-analysis of prospective observational studies. Lancet
2008; 371: 569–578.
Arterburn DE, Courcoulas AP. Bariatric surgery for obesity
and metabolic conditions in adults. BMJ 2014; 349: g3961.
Burns EM, Naseem H, Bottle A, Lazzarino AI, Aylin P,
Darzi A et al. Introduction of laparoscopic bariatric surgery
in England: observational population cohort study. BMJ
2010; 341: c4296.
Angrisani L, Santonicola A, Iovino P, Formisano G,
Buchwald H, Scopinaro N. Bariatric surgery worldwide
2013. Obes Surg 2015; 25: 1822–1832.
Sjöström L, Narbro K, Sjöström CD, Karason K, Larsson B,
Wedel H et al.; Swedish Obese Subjects Study. Effects of
bariatric surgery on mortality in Swedish obese subjects. N
Engl J Med 2007; 357: 741–752.
Adams TD, Gress RE, Smith SC, Halverson RC, Simper
SC, Rosamond WD et al. Long-term mortality after gastric
bypass surgery. N Engl J Med 2007; 357: 753–761.
Ostlund MP, Lu Y, Lagergren J. Risk of obesity-related
cancer after obesity surgery in a population-based cohort
study. Ann Surg 2010; 252: 972–976.
Sjöström L, Gummesson A, Sjöström CD, Narbro K,
Peltonen M, Wedel H et al.; Swedish Obese Subjects Study.
Effects of bariatric surgery on cancer incidence in obese
patients in Sweden (Swedish Obese Subjects Study): a
prospective, controlled intervention trial. Lancet Oncol 2009;
10: 653–662.
Adams TD, Stroup AM, Gress RE, Adams KF, Calle EE,
Smith SC et al. Cancer incidence and mortality after
gastric bypass surgery. Obesity (Silver Spring) 2009; 17:
796–802.
Christou NV, Lieberman M, Sampalis F, Sampalis JS.
Bariatric surgery reduces cancer risk in morbidly obese
patients. Surg Obes Relat Dis 2008; 4: 691–695.
Ashrafian H, Ahmed K, Rowland SP, Patel VM, Gooderham
NJ, Holmes E et al. Metabolic surgery and cancer: protective
effects of bariatric procedures. Cancer 2011; 117: 1788–1799.
Hospital Episode Statistics (HES). Welcome to HESonline.
http://www.hscic.gov.uk/hes [accessed 1 July 2015].
National Institute for Health and Care Excellence. Obesity:
Identification, Assessment and Management. Clinical guideline
[CG189]; 2014. https://www.nice.org.uk/guidance/cg189/
chapter/1-recommendations#surgical-interventions
[accessed 6 February 2017].
Colquitt JL, Pickett K, Loveman E, Frampton GK. Surgery
for weight loss in adults. Cochrane Database Syst Rev 2014;
(8)CD003641.
Nguyen NT, Slone JA, Nguyen XM, Hartman JS, Hoyt DB.
A prospective randomized trial of laparoscopic gastric bypass
versus laparoscopic adjustable gastric banding for the
treatment of morbid obesity: outcomes, quality of life, and
costs. Ann Surg 2009; 250: 631–641.
Byers T, Sedjo RL. Does intentional weight loss reduce
cancer risk? Diabetes Obes Metab 2011; 13: 1063–1072.
Linkov F, Elishaev E, Gloyeske N, Edwards R, Althouse AD,
Geller MA et al. Bariatric surgery-induced weight loss

www.bjs.co.uk

BJS

H. Mackenzie, S. R. Markar, A. Askari, O. Faiz, M. Hull, S. Purkayastha et al.

21

22

23

24

25

changes immune markers in the endometrium of morbidly
obese women. Surg Obes Relat Dis 2014; 10: 921–926.
Woodard G, Ahmed S, Podelski V, Hernandez-Boussard T,
Presti J Jr, Morton JM. Effect of Roux-en-Y gastric bypass
on testosterone and prostate-specific antigen. Br J Surg
2012; 99: 693–698.
Derogar M, Hull MA, Kant P, Östlund M, Lu Y, Lagergren
J. Increased risk of colorectal cancer after obesity surgery.
Ann Surg 2013; 258: 983–988.
Kant P, Sainsbury A, Reed KR, Pollard SG, Scott N, Clarke
AR et al. Rectal epithelial cell mitosis and expression of
macrophage migration inhibitory factor are increased 3 years
after Roux-en-Y gastric bypass (RYGB) for morbid obesity:
implications for long-term neoplastic risk following RYGB.
Gut 2011; 60: 893–901.
Li JV, Reshat R, Wu Q, Ashrafian H, Bueter M, le Roux CW
et al. Experimental bariatric surgery in rats generates a
cytotoxic chemical environment in the gut contents. Front
Microbiol 2011; 2: 183.
Murphy R, Tsai P, Jüllig M, Liu A, Plank L, Booth M.
Differential changes in gut microbiota after gastric bypass

26

27

28

29

30

and sleeve gastrectomy bariatric surgery vary according
to diabetes remission. Obes Surg 2017; 27: 917–925.
Palleja A, Kashani A, Allin KH, Nielsen T, Zhang C, Li Y
et al. Roux-en-Y gastric bypass surgery of morbidly obese
patients induces swift and persistent changes of the
individual gut microbiota. Genome Med 2016; 8: 67.
Rebecchi F, Allaix ME, Ugliono E, Giaccone C, Toppino M,
Morino M. Increased esophageal exposure to weakling acidic
reflux 5 years after laparoscopic Roux-en-Y gastric bypass.
Ann Surg 2016; 264: 871–877.
Lagergren J, Bergström R, Lindgren A, Nyrén O.
Symptomatic gastroesophageal reflux as a risk factor for
esophageal adenocarcinoma. N Engl J Med 1999; 340:
825–831.
Maret-Ouda J, Konings P, Lagergren J, Brusselaers N.
Antireflux surgery and risk of esophageal adenocarcinoma: a
systematic review and meta-analysis. Ann Surg 2016; 263:
251–257.
Lagergren J, Lagergren P. Recent developments in
esophageal adenocarcinoma. CA Cancer J Clin 2013; 63:
232–248.

Supporting information

Additional supporting information can be found online in the Supporting Information section at the end of the
article.

© 2018 BJS Society Ltd
Published by John Wiley & Sons Ltd

www.bjs.co.uk

BJS

