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Abstract
This study has analyzed results from registry-based population studies to assess the effect of bariatric surgery upon cancer
incidence at a population level. Relevant studies were identified and meta-analysis was used to calculate pooled odds ratios
(POR) for the incidence of cancer after bariatric surgery compared to controls. Eight population-based studies were included with
635,642 total patients. Bariatric surgery was associated with a significant reduction in overall cancer incidence (POR = 0.72; 95%
CI 0.59 to 0.87; p = 0.0007) and incidence of obesity-related cancer (POR = 0.55; 95% CI 0.31 to 0.96; p = 0.04). Bariatric
surgery was also protective for breast cancer development (POR = 0.50; 95% CI 0.25 to 0.99; p = 0.045). Bariatric surgery
appears to be associated with a reduction in cancer incidence at a population-based level.
Keywords Bariatric surgery . Cancer . Obesity-related cancer

Introduction
Obesity is recognized to be an increasing health problem
worldwide with 39% of the adult population worldwide being considered overweight or obese [1]. The prevalence of
obesity is increasing with 27% of the population of the UK
being classified as obese in 2015 (rising from 15% in 1993)
[2]. Obesity is an established risk factor for cardiovascular
disease, diabetes, and overall all-cause mortality [3–6]. In
more recent years, obesity has also been suggested to be a
risk factor for the development of cancer [3, 7–9].
Individuals with a body mass index (BMI) above 40 have
been identified to have cancer death rates that are significantly higher than that of normal weight individuals (52%
higher in men and 62% in women) [10]. In the USA, it has
been estimated that in adults over the age of 50 being overweight or obese may account for 14% of cancer deaths in
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men and 20% in women [10]. Furthermore, it is believed
that if the adult population of the USA could maintain a
BMI below 25 this may prevent 90,000 cancer deaths per
year [10].
Bariatric surgery has been established as the most effective method of achieving sustained weight loss in
obese patients. A previous large-scale prospectively
matched surgical intervention trial identified weight loss
at 10 years in patients receiving bariatric surgery to be
between 14 and 25% (dependent upon surgical procedure
utilized) compared to a weight change of ± 2% in matched
controls [11]. Results from the same trial have also identified that patients undergoing bariatric surgery had a significantly reduced risk of developing cancer (HR 0.67;
95% CI 0.53–0.85; p = 0.0009) [12]. Additional institutional cohort studies have demonstrated that there appears
to be a protective effect of bariatric surgery to reduce the
risk of cancer development [13–15].
Data from clinical trials and large institutional studies may
only reflect outcomes in highly specialized centers contributing data to such studies, and fail to fully address the potential
benefits of bariatric surgery upon cancer risk, which can be
generalized to the obese population at a national level. This
systematic review and meta-analysis aimed to assess the influence of bariatric surgery on cancer incidence for obese individuals by analyzing data from large-scale population-based
cohort studies.
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Methods
A systematic literature search of Medline, EMBASE, and
Web of Science was performed. The search terms Bbariatric,^
Bobesity,^ ‘cancer,^ Bmalignancy,^ and Bneoplasm^ were utilized along with the medical subject headings (MeSH)
BBariatric Surgery,^ BObesity,^ and BNeoplasms.^ All search
terms were used in combination with the Boolean operators
AND or OR. Two authors (T.W. and S.A.) performed the
electronic literature search in January 2018. The electronic
search was supplemented by a hand-search of published abstracts from relevant specialist conference meetings.
Reference lists of all relevant studies were also reviewed to
identify potentially relevant studies.
Identified abstracts were independently scrutinized (by
T.W and S.A.) to determine eligibility for inclusion.
Studies were included if they were registry-based population studies (either at a national or regional level), which
reported comparative risk of development of any type of
cancer for patients who have undergone any form of bariatric surgery compared to an appropriate control group.
Any study which was not a registry-based population
study (including randomized controlled trials and institutional studies) was excluded as their results could not be
directly applied at a population level. In the situation
where two studies utilized the same registry data the
study, which reported the most up-to-date data was selected for inclusion, in order to avoid crossover of data.

Fig. 1 PRISMA flowchart
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Studies not reported in the English language were
excluded.
Data from eligible studies were extracted into a computerized spreadsheet for analysis. Data was collected for overall
cancer incidence, obesity-related cancer, and specific cancer
types, which were analyzed individually (esophageal, colorectal, breast, endometrial, and prostate cancer).
Statistical analysis was performed using Statsdirect
2.5.7 (Statsdirect Ltd., UK). Pooled outcome measures
were determined using random effects models as described by Der Simonian and Laird [16]. Heterogeneity
amongst the trials was assessed by Cochran’s Q statistic,
a null hypothesis test in which p < 0.05 is taken to indicate the presence of significant heterogeneity and the I2
statistic, which describes the percentage of variation
across studies due to significant heterogeneity. The
Egger test was used to assess the funnel plot for significant asymmetry, indicating possible publication or other
biases. This study was not prospectively registered with
any formal registry for systematic reviews.

Results
The literature search identified eight population-based
studies for inclusion [17–24]. Figure 1 demonstrates the
PRISMA flowchart for the literature search. In total, there
were 635,642 patients included the analysis. There were
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114,020 patients who received bariatric surgery (gastric
bypass: 69,740; sleeve gastrectomy: 7519; gastric band:
13,609; gastroplasty: 8632; alternative procedure or undetermined: 14,520). There were 521,622 control patients.
The majority of studies utilized patients diagnosed as
obese to form the control group [17–19, 21, 22, 24].
One study matched patients according to age and gender
[20], and one study compared results to the background
national population [23]. Table 1 provides the patient demographic details for all studies. Quality assessment of
studies was undertaken with the Newcastle Ottawa Scale
(Supplementary Table 1) [25]. All studies scored four
stars for patient selection (rated out of four stars). Two
studies scored one star for comparability as controls did
not necessarily have a diagnosis of obesity [20, 23]. All
other studies scored the maximum score for comparability
(two stars). All studies scored three stars for outcome
(rated out of three stars).

Overall Cancer Incidence
Four papers reported overall cancer incidence in patients
who had undergone bariatric surgery [17, 19, 20, 24].
Bariatric surgery was associated with a significant reduction in overall cancer incidence compared to control patients (pooled odds ratio (POR) = 0.72; 95% confidence
interval (CI) 0.59 to 0.87; p = 0.0007). There was some
evidence of statistical heterogeneity (Cochran Q = 11.33;
p = 0.01; I2 = 73.5%) but no evidence of bias (Egger =
−0.06; p = 0.98) (Fig. 2).

Obesity-Related Cancer
Three studies reported rate of obesity-related cancer defined as cancer of the breast, prostate, colorectum, endometrium, ovary, kidney, esophagus (adenocarcinoma
only), liver, pancreas, gallbladder, non-Hodgkin lymphoma, leukemia, and thyroid [17, 23, 24]. Myeloma [17,
24], gastric cardia [24], and meningioma [24] were also
included in the definition of obesity-related cancer in
some studies (Table 2). An additional study described
results for Bhormone-related cancers^ (including breast,
endometrium, and prostate), and these were included as
obesity-related cancer for the purposes of analysis [21].
Bariatric surgery was associated with a significant reduction in incidence of obesity-related cancer (POR = 0.55; 95%
CI 0.31 to 0.96; p = 0.04). There was some evidence of significant statistical heterogeneity (Cochran Q = 124.34; p = <
0.0001; I2 = 97.6%) but no evidence of bias (Egger = −15.4;
p = 0.14) (Fig. 3).
Three studies analyzed rates of obesity-related cancer
stratified by gender [21, 23, 24]. When analyzed by
gender, it was identified that in male patients bariatric

1033

surgery was not associated with a significant reduction
in the rate of obesity-related cancer (POR = 0.76; 95%
CI 0.87 to 1.32; p = 0.46). However, in female patients
who had undergone bariatric surgery, there was a trend
towards a reduced rate of obesity-related cancer (POR =
0.50; 95% CI 0.24 to 1.04; p = 0.065) (Supplementary
fig. 1). There was evidence of statistical heterogeneity
(Cochran Q 1.09.03; p < 0.0001; I2 = 98.2%) and too
few strata for an assessment of bias.

Esophageal Cancer
Three studies reported the incidence of esophageal cancer following bariatric surgery [17, 21, 22]. There was
no significant effect of bariatric surgery upon the incidence of esophageal cancer (POR = 0.79; 95% CI 0.43
to 1.44; p = 0.43). There was no evidence of statistical
heterogeneity (Cochran Q = 0.74; p = 0.69; I 2 = 0%).
There were too few strata to facilitate an analysis of
bias.

Colorectal Cancer
Four studies reported the incidence of colorectal cancer [17,
18, 21, 23]. Bariatric surgery was not associated with a statistically significant change in the incidence of colorectal cancer
(POR = 1.39; 95% CI 0.96 to 2.02; p = 0.08). There was some
evidence of statistical heterogeneity (Cochran Q = 10.99; p =
0.01; I2 = 72.7%) but no evidence of bias (Egger = − 1.43; p =
0.71) (Supplementary fig. 2).

Breast Cancer
Three studies reported the rate of breast cancer in patients who
have undergone bariatric surgery [17, 21, 23]. Bariatric surgery was associated with a significant reduction in the incidence breast cancer compared to controls (POR = 0.50; 95%
CI 0.25 to 0.99; p = 0.045) (Fig. 4). There was some evidence
of statistical heterogeneity (Cochran Q = 39.4; p < 0.0001;
I2 = 94.9%). There were too few strata to facilitate an analysis
of bias.

Endometrial Cancer
Three studies reported the rate of endometrial cancer in bariatric surgery patients [17, 21, 23]. There was no significant
difference in the rate of endometrial cancer between patients
who had undergone bariatric surgery and controls (POR =
0.47; 95% CI 0.08 to 2.65; p = 0.39). There was some evidence of statistical heterogeneity (Cochran Q = 94.8; p = <
0.0001; I2 = 97.9%). There were too few strata to facilitate
an analysis of bias.
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Summary meta-analysis plot [random effects]

Fig. 2 Forest plot for overall
cancer risk
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Prostate Cancer
Three studies reported the rate of prostate cancer in these
patients [17, 21, 23]. Bariatric surgery was not associated
with any significant differences in the incidence of prostate cancer (POR = 0.82; 95% CI 0.39 to 1.73; p = 0.61).
There was evidence of statistical heterogeneity (Cochran
Q = 8.86; p = 0.01; I2 = 77.4%). There were too few strata
to facilitate an analysis of bias.

Discussion
This study has established that bariatric surgery appears
to be associated with a reduced incidence of cancer at a
population level. Overall cancer incidence (POR = 0.72;
95% CI 0.59 to 0.87; p = 0.0007) and incidence of
obesity-related cancers (POR = 0.55; 95% CI 0.31 to
0.96; p = 0.04) were both significantly reduced in patients who had undergone bariatric surgery. When analyzing specific cancer types bariatric surgery only appeared to have a significant protective effect in breast
cancer (POR = 0.50; 95% CI 0.25 to 0.99; p = 0.045)
(Table 3).
The results of this meta-analysis of population-based
studies are consistent with those reported from previous
large-scale clinical trials. Previous studies have demonstrated a reduction in cancer incidence following bariatric surgery with the greatest protection being provided

to women [12], with a marked reduction in breast cancer risk [13]. These results appear to have been
reproduced here with a trend towards reduced obesityrelated cancer in women undergoing bariatric surgery
and a significant reduction in breast cancer risk.
The mechanisms responsible for the reduction in cancer incidence associated with bariatric surgery are believed to be multifactoral [26]. This effect is believed
to be related to reduced systemic inflammation and oxidative stress, as well as the influence of surgery upon
insulin resistance, sex steroids, gut hormones, and
adipokines [26, 27]. Although most previous studies
have identified a reduced incidence of cancer following
bariatric surgery, gastric bypass has been associated with
increased risk of colorectal cancer [18, 21, 23]. It has
been hypothesized that this effect may be due to the
increased presence of bile acids within the colon following gastric bypass [28], and persistent abnormalities in
rectal mucosa have been identified in patients undergoing this procedure [29]. The association between bariatric surgery and increased risk of colorectal cancer was
not reproduced in the current meta-analysis, although it
may be suggested that there was a trend towards a
slight increased risk of colorectal cancer development
(POR = 1.39; 95% CI 0.96 to 2.02; p = 0.08). Although
the current analysis did include patients who underwent
procedures other than gastric bypass, of the four studies
[17, 18, 21, 23] which provided data regarding the incidence of colorectal cancer following surgery only the
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Outcomes for overall cancer incidence and obesity-related cancer

Control

Obesity-related cancer (women)

Control
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Obesity-related cancer (men)
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study by Adams et al. demonstrated a protective effect
of bariatric surgery upon colorectal cancer risk [17].
This study exclusively included patients undergoing gastric bypass; therefore, the underlying cause for this discrepancy in results is unclear. Further research is required to accurately define the risk and mechanism for
colorectal cancer development following gastric bypass
surgery and potential need for colonoscopy screening in
these patients.
There are important limitations inherent with this type
of pooled analysis that must be taken into account when
interpreting the results present here. All the included studies were large-scale comparative studies from registrybased data, and none were randomized in nature. It is
therefore difficult to account for potential important confounding variables, which may not have been equally distributed between patient groups. However, large-scale registry-based studies were deliberately selected to be included in the current analysis in order to identify how bariatric
surgery may influence cancer incidence at a population
level. Most studies took account of specific patient factors
in order to match groups as far as is feasible. One important factor which was not available in some studies was
BMI data for included patients. BMI was only reported in
three studies [17, 19, 24], although other studies took
measures to only include those patients in the control
group who had been diagnosed with Bobesity.^ Only one
study compared outcomes to data from the overall background population [23], and another study matched patients in the control group based upon age and gender
[20]. A further limitation is that for around 13% of bariatric surgery cases (n = 14,520) the specific surgical procedure was undetermined. This was largely influenced by
procedure type being unreported for the patients who did
not go on to develop cancer in one study [23]. However,
no specific sub-group analysis was performed by procedure type, and this should not have influenced results.
Although previous meta-analyses have demonstrated a reduced incidence of cancer following bariatric surgery [30,
31], the current study is the first of this form of analysis to
purely utilize population-based studies, and includes data
from a much greater number of individual patients (total
of 635,642 patients). This study therefore provides a
greater insight into the effects of bariatric surgery at a
national level in terms of cancer incidence.
In conclusion, this meta-analysis has demonstrated that
at a national level bariatric surgery is associated with a
reduction in overall cancer incidence, with a specific reduction in the incidence of obesity-related cancers and
breast cancer. This finding may have implications when
counseling patients considering bariatric surgery and also
when considering the potential effects of bariatric surgery
from a public health and commissioning perspective.
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Summary meta-analysis plot [random effects]

Fig. 3 Forest plot for obesityrelated cancer risk
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