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Abstract Obesity is linked to the development of cancer.
Previous studies have suggested that there is a relationship
between bariatric surgery and reduced cancer risk. Data
sources were from Medline, Embase, and Cochrane Library.
From 951 references, 13 studies met the inclusion criteria
(54,257 participants). In controlled studies, bariatric surgery
was associated with a reduction in the risk of cancer. The
cancer incidence density rate was 1.06 cases per 1000 person-
years within the surgery groups. In the meta-regression, we
found an inverse relationship between the presurgical body

mass index and cancer incidence after surgery (beta coeffi-
cient −0.2, P<0.05). Bariatric surgery is associated with re-
duced cancer risk in morbidly obese people. However, con-
sidering the heterogeneity among the studies, conclusions
should be drawn with care.
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Introduction

Data from the National Health and Nutrition Examination
Survey (NHANES) shows that the prevalence of obesity in
adults is increasing every year in the USA [1], as well as
worldwide [2]. Since 1960, the prevalence of adult obesity
in the USA has nearly tripled, from 13 % in 1960–1962 to
36 % during 2009–2010. While US obesity rates have, over-
all, leveled off since 2003, the rates are still rising in some
groups, and disparities persist: Non-Hispanic black, Hispanic,
and Mexican American adults have higher rates of obesity
than non-Hispanic white adults [3]. Severe obesity shortens
life expectancy, is a significant cause of morbidity and mor-
tality, and raises healthcare expenditures in North America [1].
In addition, obesity and weight gain increase the risk for
several diseases, including cancer [4], and can lead to poor
treatment outcomes and increased cancer-related mortality [5,
6]. The association between obesity and cancer risk involves
metabolic and endocrine effects of obesity that induce the
production of peptide and steroid hormones [7].

The treatment of obesity includes lifestyle changes (nutri-
tional education, behavioral counseling, physical activity),
pharmacological agents, and, in severe obesity, bariatric sur-
gery [8, 9]. Bariatric surgery has been shown to produce
significant long-term weight loss [10] and reduction of mor-
tality rates [11] for patients with severe obesity. Although
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obesity is clearly linked to the development of cancer, to the
best of our knowledge, it remains unclear whether weight loss
obtained through bariatric surgery influences cancer inci-
dence. It is also unknown if a relationship exists between body
mass index (BMI) before surgery and cancer risk in the
postoperative period. Previous studies suggest that there is a
relationship between bariatric surgery and reduced cancer risk
[12, 13]. A retrospective study, authored by McCawley
et al.[12], that analyzed 1,482 women who underwent bariat-
ric surgery found breast and endometrial cancers as the most
prevalent cancers in their cohort and suggested that bariatric
surgery may have decreased the development of cancer
among these women. However, it is unknown whether the
lower cancer rates following bariatric surgery were related to
the metabolic changes associated with weight loss, or if lower
BMIs following surgery resulted in earlier diagnosis and
improved cancer treatment outcomes [14].

Accordingly, in order to summarize the relationship be-
tween postoperative weight loss and its potential association
with cancer, we conducted a systematic review with a meta-
analysis focused on the incidence of cancer in patients follow-
ing bariatric surgery.

Methods

Protocol and Registration

This systematic review is reported in accordance with the
meta-analysis of observational studies in epidemiology
(MOOSE) guidelines [15].

Eligibility Criteria

Studies were selected if they included both a cancer diagnosis
following bariatric surgery as well as the following eligibility
criteria: patients ≥18 years of age who were measured with a
BMI≥35 kg/m2. We tabulated all cancer cases as well as the
adequacy of controls related to our eligibility criteria. Exclu-
sion criteria for studies included patients who were diagnosed
with cancer in the pre- or perioperative periods.

Information Sources

We searched the following electronic databases covering stud-
ies performed through January of 2014: MEDLINE (accessed
by PubMed), EMBASE, and the Cochrane Central Register of
Controlled Trials. We did not use limits for dates or language
in conducting our search.

Search Strategy

We searched the terms abdominal fat / obesity, morbid /
obesity / obesity, abdominal / adiposity / weight gain / intra-

abdominal fat / overnutrition / bariatric surgery / bariatrics /
gastroplasty / gastric balloon / gastric bypass / anastomosis,
Roux-en-Y / biliopancreatic diversion / jejunoileal bypass /
bariatric medicine / gastric banding / laparoscopic adjustable
gastric banding / cancer and related terms. We used the search
strategy that PubMed employed to create its cancer subset (see
Appendix: PubMed search strategy).

Study Selection

Two reviewers independently analyzed the titles and abstracts
retrieved from our literature search. All articles that failed to
meet the inclusion criteria were excluded. All selected articles
were analyzed, and eligible articles were identified. Disagree-
ments between reviewers were resolved by a third reviewer’s
opinion.

Data Extraction and Quality Assessment

Two reviewers independently extracted data from each study.
Extracted data were as follows: year of publication, authors,
geographic location of the first author, study design, the type
of bariatric procedure, sample size, participant characteristics,
cancer incidence, type of cancer, postsurgical period during
which cancer was diagnosed, and deaths related to cancer. A
third reviewer assessed all studies for completeness of criteria.

To avoid double counting patients who were included in
multiple reports authored by the same individuals or working
groups, patient recruitment periods were assessed and, if
necessary, authors were contacted to provide clarity. We also
contacted authors in cases where data relevant to our study
were omitted from their publications.

The Newcastle-Ottawa Scale was adapted for our study,
and it was used independently by two reviewers to assess the
quality of the studies [16]. Assessment of the quality of
nonrandomized studies, including case-control and cohort
studies, is essential for properly understanding them. The
Newcastle-Ottawa Scale [16] was developed to assess the
quality of nonrandomized studies with its design, content,
and ease of use directed to incorporate quality assessments
in the interpretation of meta-analytic results. The scale allo-
cates stars (maximum of nine), for quality of selection, com-
parability, exposure, and outcome of study participants.

Data Synthesis and Analysis

We calculated a pooled odds ratio (OR) to assess the associ-
ation between incident cancer and bariatric surgery in the
controlled studies. We used the random effects model in our
meta-analyses, because we found significant heterogeneity
among the studies.

We also used the surgery group from the controlled and
uncontrolled studies to estimate the incidence density rate of
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cancer following bariatric surgery. To estimate this incidence
density rate, we multiplied the total sample size by the follow-
up period to calculate the denominator. We made logit trans-
formations to address the asymmetrical distribution and
weighted the logit model by the inverse of the logit’s variance.
Also, we explored heterogeneity between studies by removing
each study from the analysis to check if any particular study
drove heterogeneity. Moreover, we performed predefined sub-
group analyses according to age (dichotomized in two groups,
<45.0 and >45.1 years old), and gender (dichotomized in two
groups, <79.9 and >80.0 % of women), to assess if these
variables were potential sources of heterogeneity. Further-
more, we performed meta-regression analyses to investigate
other potential sources of heterogeneity. The variables used in
this analysis were BMI and the time frame for a follow-up
examination when cancer was diagnosed.

In our meta-analyses, we used the Cochran χ2 and the I2

tests to evaluate heterogeneity among studies. A P value
below 0.05 was considered significant in the Cochran test
[17]. In the I2 test, values below 25 % reflected low hetero-
geneity, values between 25 and 50 % reflected moderate
heterogeneity, and values exceeding 50 % reflected high het-
erogeneity [18].

We performed statistical analyses with Stata 11.0 software
(Stata Corp, College Station, TX), and we used the second
version of Comprehensive Meta-analysis™ software for our
incidence meta-analysis.

Results

Overall, we identified 1,022 studies, from which we excluded
70 duplicates. After initial title and abstract screening, we
excluded 823 citations, leaving 129 articles for retrieval. Full
text assessment of these articles resulted in 21 eligible studies
[10, 14, 19–33]. In cases where results for the same population
were reportedmore than once, we selected the most recent and
complete results, thus excluding eight additional articles [10,
14, 25, 27, 32–35]. Among the retrieved studies, there were no
randomized clinical trials. We separated the remaining 13
articles, published between 1997 and 2011, into two groups:
(1) controlled studies [12, 13, 19, 20] and (2) uncontrolled
studies [21–24, 26, 28–31]. We excluded three uncontrolled
studies from the meta-analysis [21, 29, 31] because these
articles reported deaths caused by cancer but did not provide
cancer incidence. Agreement between reviewers was estimat-
ed by the Kappa coefficient (Kappa=0.835). Finally, we show
a flowchart of study search and selection in Fig. 1.

Studies’ Characteristics

Table 1 shows the characteristics of four selected controlled
studies, which included 11,087 patients who underwent

bariatric surgery (surgery group) and 20,720 patients who
did not undergo surgery (control group). Two of these studies
were performed in the USA [12, 19], one in Canada [20], and
one in Sweden [13]. The percentage of cancer-related mortal-
ity was reported in one study [19], totaling 0.62 % in the
surgery group and 1.13 % in the control group.

Table 2 shows the characteristics of nine selected uncon-
trolled studies, which included 22,450 individuals in the sur-
gery group. Five of these studies were performed in the USA
[23, 24, 28, 30, 31], two in Sweden [22, 26], one in Australia
[21], and one in Switzerland [29]. The percentage of cancer-
related mortality ranged from 0.26 to 2.65 % in four studies
[21, 23, 29, 31], and five studies did not report mortality [22,
24, 26, 28, 30].

Association Between Cancer Risk and Bariatric Surgery

Controlled studies showed that bariatric surgery is associated
with a reduction in the risk of cancer (Fig. 2; OR 0.42; 95 %
confidence interval [CI] 0.24, 0.73; I2=93.3 %; P for hetero-
geneity <0.001). In an exploratory attempt to identify sources
of heterogeneity among these studies, we removed one study
[12] which was performed solely with women, though the
results of this study were not different from the other studies
(OR 0.53; CI 0.32, 0.88; I2=91.5 %; P for heterogeneity=
0.014). When we removed another study [20], in which the
control group was taken from a hospital population, no het-
erogeneity was observed and the association between bariatric
surgery and low cancer risk was maintained (OR 0.74; CI
0.65, 0.85; I2=0 %; P for heterogeneity<0.512). The strategy
above displays the high heterogeneity of the primary meta-
analysis. After removing each study that eliminated heteroge-
neity, there was no need to perform sensitivity analysis or
meta-regression in the controlled studies.

The cancer incidence density rate was 1.06 cases per
1,000 person-years (CI 0.64, 1.75 cases per 1,000
person-years; I2=96.0 %; P for heterogeneity<0.001)
measured across nine studies, utilizing the surgery
groups from the controlled and uncontrolled studies
(Fig. 3). We know that this estimate is low, as the
years subsequent to the follow-up period for cancer
patients should be omitted from the denominator.
Therefore, the real denominator should be lower than
the value we used. To assess this impact on our re-
sults, we assumed that the cancer patients did not
contribute to the denominator (the denominator was
calculated by subtracting the number of cancer cases
from the total number of patients, and then multiplying
this difference by the average follow-up period, imply-
ing that cancers were diagnosed at follow-up times
equal to zero). Using this method to calculate the
denominator, the cancer incidence density was 1.08
cases per 1,000 person-years (CI 0.65, 1.80 cases per
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1,000 person-years), and this implies that the real val-
ue of incidence is between 1.06 and 1.08 person-years.
We excluded one study [12] in the meta-analysis that
did not report data over the follow-up period.

We performed sensitivity analyses to explore hetero-
geneity, and we observed no heterogeneity upon remov-
ing each study. The results did not change when ana-
lyzed by age or gender in either surgery group both the
controlled and uncontrolled studies, since these analyses
resulted in no change in heterogeneity. In an additional
attempt to identify sources of heterogeneity across the
studies, we performed a meta-regression analysis using
BMI and the time period to cancer diagnosis as covar-
iates for the surgery group in both the controlled and
uncontrolled studies. We found no difference in the
results of our meta-regression that used time to cancer
diagnosis as a covariate. However, in our meta-
regression using the BMI as a covariate, we found a
decrease in cancer incidence as BMI increased (beta
coefficient −0.233, P<0.05).

Quality Assessment

Although we achieved a reasonable degree of quality through
our inclusion/exclusion criteria, we do note some variation
between the quality assessments [16]. Based on a sample
selection, three studies received four-star ratings [12, 13,
20], four studies received three-star ratings [19, 23, 24, 28],
three studies received two-star ratings [26, 29, 30], and three
studies received one-star ratings [21, 22, 31]. With respect to
comparability, three studies received two-star ratings [13, 19,
20], one study received a one-star rating [12], and nine un-
controlled studies received no stars. This variation was due to
differences in accounting for confounding factors. With re-
spect to assessment quality, six studies received two-star rat-
ings [21, 23, 24, 28, 30, 31] and seven studies received three-
star ratings [12, 13, 19, 20, 22, 26, 29]. In total, four studies
received high quality ratings of seven to nine stars [12, 13, 19,
20], five studies received medium quality ratings of five to six
stars [23, 24, 26, 28, 29] and four studies received low quality
ratings of four stars or below [21, 22, 30, 31] (Table 3).

Fig. 1 Flowchart of literature
search for studies attempting to
identify an association of cancer
with bariatric surgery
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Discussion

Our systematic review demonstrates that bariatric surgery is
associated with a reduction in the incidence of cancer among
morbidly obese patients. Importantly, this effect of bariatric
surgery was found within both controlled and uncontrolled
studies. Of the 13 studies included in our analyses, four
controlled studies showed a significant reduction in the risk
of cancer, with ORs ranging from 0.12 to 0.88. Data from the

surgery group of controlled and uncontrolled studies
displayed a cancer incidence density rate of 1.06 cases per
1,000 person-years in a postoperative follow-up period of 2 to
23 years.

Cancer rates in obese people are generally higher, as
displayed in a study [36] of an Austrian population (5.43 cases
per 1,000 person-years) and in a study [37] of a Swedish
population (5.8 cases per 1,000 person-years), as well as in a
systematic review andmeta-analysis [38] of data from a global

Fig. 2 Association between cancer risk and bariatric surgery in controlled studies

OBES SURG (2014) 24:1499–1509 1505

Fig. 3 Studies displaying the incidence density rate of cancer following bariatric surgery



population (2.12 cases per 1,000 person-years). Therefore, the
cancer incidence density rate of 1.06 cases per 1,000 person-
years obtained in our meta-analysis displays that severely
obese individuals undergoing bariatric surgery may reduce
their risk of cancer to incidence density rates similar to those
of nonobese people [38].

Reducing weight likely reduces high cancer rates associat-
ed with obesity [39], but the method employed to achieve
target weight can change this perspective. For example, trials
that used specific pharmacological interventions [40, 41]
achieved weight reduction, but mortality/cardiovascular out-
comes were increased, revealing the need for treatments that
obtain both goals: weight loss and lower mortality rates.
Moreover, no cancer incidence reduction was observed in
population-wide weight reduction incidents, which were im-
posed by dietary restrictions in nonseverely obese people [42].

Although our meta-analysis showed that patients undergo-
ing bariatric surgery have reduced cancer rates, a recent study
[33] showed an increased risk of colorectal cancer following
bariatric surgery. This study was not included in our meta-
analysis due to duplicate reporting, and it is not clear that the
mechanisms associated with bariatric surgery increase the
colorectal cancer. However, rectal mucosal changes related
to malabsorptive effects of the gastric bypass procedure could
account for theses findings, and this study should stimulate
research addressing colonoscopic evaluation following bariat-
ric surgery [33].

Data from three cohorts showed that intentional
(nonsurgical) weight loss is associated with lower cancer rates
[39], but it is likely that multiple methods were used to achieve
targeted weight loss in this study. Thus, it is difficult to draw
precise conclusions about the most efficacious nonsurgical

weight loss methods. Our results show that reducing body
weight through bariatric surgery is associated with reduced
cancer incidence rates, though we did not find mortality data
specifically linked to cancer. Our findings are supported by
Birks’ meta-analysis of studies that showed an association
between lower cancer rates and people who intentionally lost
weight through bariatric surgery [39]. Moreover, when exam-
ining the relationship between bariatric surgery and cancer
rates, it is challenging to separate the effects of the surgery
from the multiple associated changes it yields.

It is important to consider that bariatric surgery is more
frequently performed on young subjects [43], while cancer is
more frequently observed in aged people [44]. Moreover, the
long lead time for the appearance of cancer cases may be the
primary reason why there are very few studies associating
bariatric surgery and cancer. However, obesity is a risk factor
for cancer development. Thus, obesity likely precedes the
diagnosis of several cancer cases [36]. Performing a surgical
procedure of the magnitude of bariatric surgery raises aware-
ness and possible diagnosis of cancer among these patients
[13].

It remains unknown whether metabolic changes related to
weight loss result in lower rates of cancer development. It is
also unknown if a lower BMI simply allows for better assess-
ment and treatment, or if it is actually related to lower cancer
incidence. These data are supported by well-known patho-
physiological disturbances related to obesity, such as chronic
inflammation [45] and hormonal changes [7]. Pro-
inflammatory cytokines act on tissues and cells, resulting in
cancer development through direct and indirect effects on
innate and adaptive immune cells, imbalances in tissue ho-
meostasis, and increased oxidative stress [46]. People with

Table 3 Quality assessment of the studies

Newcastle-Ottawa Scale

Study (setting) Selection (max. 4*) Comparability (max. 2*) Assessment (max. 3*) Total stars

Adams 2009 [18] *** ** *** 8

Christou 2008 [19] **** ** *** 9

McCawley 2009 [11] **** * *** 8

Sjostrom 2009 [12] **** ** *** 9

Clough 2011 [20] * – ** 3

Forsell & Hellers 1997 [21] * – *** 4

Gagne 2009 [22] *** – ** 5

Gusenoff 2009 [23] *** – ** 5

Ostlund 2010 [25] ** – *** 5

Srikanth 2005 [27] *** – ** 5

Steffen 2009 [28] ** – *** 5

Sugerman 2001 [29] ** – ** 4

Sultan 2010 [30] * – ** 3

Stars (*) were awarded for selection, comparability, and assessment according to adapt to Newcastle-Ottawa criteria [15]
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obesity have increased estrogen levels, due to the conversion
of circulating androgens by increased aromatase activity in
peripheral adipocytes, increased adrenal and ovarian secretion
of hormones, and decreased progesterone production due to
decreased ovulation [7]. In addition, increased insulin levels
cause the inhibition of sex hormone-binding globulin synthe-
sis by the liver, increasing free steroid hormone levels. Over-
all, the increased unopposed estrogen can promote cancer in
hormonally responsive tissues [7, 47]. Therefore, in both
obese and cancer populations, there is an established mecha-
nistic association between inflammation and hormonal imbal-
ance [48]. Reversal of these inflammatory and hormonal
disturbances should be expected with weight loss from bariat-
ric surgery, as decreases in both oxidative stress and systemic
inflammatory markers were reported [49], and there is consis-
tent evidence that the incidence of cancer is reduced [39, 50].
Beyond obesity risk, the excess of visceral adiposity, type 2
diabetes, insulin resistance, chronic inflammation, and meta-
bolic syndrome are all associated with cancer, independent of
body size [51].

A strength of our systematic review is its inclusion of
uncontrolled studies, adding information to the research pro-
vided by Birks et al [39]. Traditionally, controlled studies are
viewed as providing higher quality evidence than uncon-
trolled studies. However, the controls for bariatric patients
are likely imperfect, as it is difficult to find appropriate
matches of their clinical conditions. Thus, patients undergoing
bariatric surgerymay comprise a medically fitter population as
compared to those who did not undergo the surgery.

We used a variety of strategies to explore the high hetero-
geneity levels observed in our meta-analyses, investigating
potential sources of variation among the studies. In the con-
trolled studies, we accounted for heterogeneity by removing
the study of McCawley et al. [12], which excluded men, and
also by removing the study of Christou et al. [20], which used
a hospital population as its control group. Upon removing
these two studies from the meta-analysis, no heterogeneity
was observed (I2=0 %). Although the specific population
characteristics of these studies accounted for high heteroge-
neity, these two studies were strictly inside the previously
determined inclusion criteria, and thus, they were included
in our primary meta-analysis.

In the surgery group from the controlled and uncontrolled
studies, we observed no reduction in heterogeneity upon
removing each study or in performing sensitivity analysis.
Further, the meta-regression analysis showed a decrease in
cancer incidence when high presurgical BMI values were
present. This is in accordance with the results of Renehan
et al. [38], as their meta-analysis displayed an increased risk of
cancer with increased BMI. We would anticipate a larger
magnitude of intervention effects in populations with higher
presurgical derangements [52]. Finally, the high levels of
heterogeneity we observe may be due to different study

designs, differences in the populations studied, or differences
in a variety of other characteristics (e.g., genetic background,
varied bariatric procedures) across the studies. Indeed, it is
likely that one or more of these factors which were beyond our
control, account for a portion of the heterogeneity across the
studies.

Limitations

Limitations are present in this study. In the absence of ran-
domized controlled trials, we dealt with distinct data that
expressed cancer incidence and death registries. As is inherent
in observational studies, data from registries can be biased, so
the information we compiled in this meta-analysis may also
have a bias. Therefore, our derived estimates may potentially
influence our results. Although such bias would impact both
surgical and nonsurgical samples, the control groups were
carefully selected in two studies [13, 19]. Due to observational
designs, the surgery group may have been healthier than the
patients who were not offered surgery and were used as
controls. In addition, the generalization of our findings is
somewhat hampered by the geographic origin of our included
studies, as they were primarily performed in the USA and
Europe.

Among the limitations we note in bariatric surgery and
cancer literature, we could not explore the potential effects
of different bariatric procedures, which promote distinct ac-
tion mechanisms on various target populations. Likewise, we
were unable to obtain BMI and weight data at the time of
cancer diagnosis in the studies within our review. Risk factors
associated with cancer such as family history, smoking, gen-
der, physical inactivity, alcoholism, and malnutrition were
also unavailable. In conjunction with surgery outcomes, we
underscore that pre- and post-surgery dietary patterns could
contribute to our analyses. Moreover, the number of cancer
cases within our review were too low to allow analyses by
organ or type, especially those cancers related to obesity and
smoking. Finally, the follow-up analysis and documentation
following bariatric surgery is often poor, and patients may not
disclose a cancer diagnosis during follow-up appointments.

Conclusion

Bariatric surgery is associated with reduced cancer risk in
morbidly obese people. Our study is unique, because it is the
first publication to include a meta-analysis of cancer incidence
following bariatric surgery, providing preliminary validation
to a positive association between bariatric surgery and reduced
cancer rates. However, considering some of the limitations
cited above, conclusions should be drawn with care. We
suggest that variables associated with cancer should be
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measured in prospective bariatric surgery trials, and that can-
cer rates should be assessed as a primary outcome.
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