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Abstract

Patients with prior colorectal polyps are at high risk for metachronous colorectal neoplasia, especially in the presence of obesity.
We assessed the impact of 2 common bariatric surgeries, vertical sleeve gastrectomy and roux-n-Y gastric bypass, on the risk of
colorectal neoplasia recurrence. This nationally representative analysis included 1183 postbariatric adults and 3193 propensity
score-matched controls, who all had prior colonoscopy with polyps and polypectomy. Colorectal polyps reoccurred in 63.8% of bariat-
ric surgery patients and 71.7% of controls at a mean follow-up of 53.1 months from prior colonoscopy. There was a reduced odds of
colorectal polyp recurrence after bariatric surgery compared with controls (odds ratio [OR] =0.70, 95% confidence interval [CI] = 0.58
to 0.83). This effect was most pronounced in men (OR=0.58, 95% CI = 0.42 to 0.79), and post roux-n-Y gastric bypass (OR=0.57, 95%
CI = 0.41 to 0.79). However, the risk of rectal polyps or colorectal cancer remained consistent between groups. This study is the first
to our knowledge to show a reduction in risk of polyp recurrence following bariatric surgery.

Colorectal cancer (CRC) is the most diagnosed gastrointestinal
cancer, affecting approximately 150000 adults in the United
States each year. Colorectal polyps are widely recognized as
intermediate surrogates of CRC risk. Furthermore, there is strong
evidence that resection of colorectal polyps can reduce the risk of
CRC (1). However, despite resection, patients with prior polyps
remain at a high lifetime risk of developing future polyps com-
pared with adults without polyps (2-4). As a result, patients with
prior polyps are subject to more frequent surveillance colonos-
copies (5). Patients with prior polyps are also at increased risk of
developing interval CRC, defined as CRC diagnosed within 5 years
from a prior colonoscopy (6-8).

The risk of developing recurrent polyps or CRC is higher in
patients with obesity (9,10). Thus, reducing the risk of metachro-
nous colorectal neoplasia is pivotal in adults with obesity who
are also at higher risk of mortality after CRC diagnosis (11,12). In
that regard, bariatric surgery offers an effective weight loss in
individuals with medically complicated obesity (13). Obesity
increases the risk of polyps, with a higher effect in the colon vs
rectum and in men compared with women (10). However, a
knowledge gap exists as to whether weight loss surgery can
reduce the risk of polyp recurrence and if that effect varies by sex
and anatomic location. Finally, the impact of bariatric surgery on
the risk of interval CRC is largely unexplored. In a prior study, we

identified an increased risk of serrated polyps after gastric bypass
surgery (14). Serrated polyps are hard to detect, more likely to be
incompletely removed, and may account for interval CRC (15-18).

The hypothesis evaluated in this study was that bariatric sur-
gery is associated with a lower risk of recurrent colorectal polyps.
To test this hypothesis, a nationwide database of insurance
claims was evaluated using robust coding to assess the risk of
recurrent polyps on colonoscopy in patients with bariatric sur-
gery compared with propensity-matched controls. The analysis
framework was intent to treat because data were not available
regarding the amount of weight lost following surgery.

Methods
The MarketScan database

This was a retrospective, case-control cohort study using the IBM
MarketScan Research Databases, which provides one of the
longest-running and largest collections of proprietary deidentified
claims data for privately and publicly insured people in the United
States (19). MarketScan consists of private insurance claims from
approximately 350 employers and 100 insurers in the United
States and Medicaid and supplemental Medicare claims. Data
from MarketScan are deidentified and thus do not meet the federal
definition of “human subject” per 45 Code of the Federal
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Regulation (CFR 46.101). The Ohio State University Institutional
Review Board does not necessitate approval for public deidentified
databases. Therefore, our study did not require review or approval
by the Ohio State University Institutional Review Board.

The study sample

The 2012-2020 MarketScan database was queried using
International Classification of Diseases, Ninth Revision (ICD-9)
and Tenth Revision (ICD-10) codes, Current Procedural
Terminology, and Healthcare Common Procedure Coding System
codes. Details of the codes are published elsewhere (20). Severe
obesity was defined using billing codes as a BMI > 40kg/m? or
BMI > 35 with medically complicated obesity as previously done
(21,22). The positive predictive value of these obesity codes is 98%
or greater (23-25). Bariatric surgery cases were adults who under-
went elective roux-en-Y gastric bypass (RYGB) or vertical sleeve
gastrectomy (VSG) with documented severe obesity. The controls
were adults with severe obesity and no bariatric surgery during
the whole study period. Follow-up was defined from the index visit
date when obesity was documented in controls or date of bariatric
operation in surgical patients until the date of repeat colonoscopy.
Inclusion criteria were patients who 1) were aged 18 years or older,
2) had a polyp and polypectomy on a baseline colonoscopy before
the index date, and 3) underwent a repeat colonoscopy during the
follow-up period. Patients were excluded if they had additional
risk factors for CRC (eg, family history of CRC, history of polyps
prior to their baseline colonoscopy, or inherited gastrointestinal
cancers), bariatric procedures other than VSG or RYGB, or gastric
surgery done for reasons other than weight loss. Unlike specificity,
the sensitivity of ICD coding for obesity is low (24-26). This can
lead to detection bias due to higher tendency to document obesity
codes in adults with comorbidities (27). To account for this possi-
ble bias, patients were excluded if they presented with CRC or col-
orectal polyps within 6 months from the index visit date, as done
before (22,28). Details of the inclusion and exclusion criteria are in
Supplementary Figure 1 (available online).

Outcomes and colonoscopy definitions

The primary outcome endpoint was the risk of colorectal polyp
recurrence on repeat colonoscopy in bariatric surgery patients vs
matched controls. With the availability of rectal polyp billing
codes, it was possible to restrict the outcome to recurrence of rec-
tal polyps. However, due to the lack of ICD-9-CM codes for colon
polyps, it was not possible to specifically narrow the outcome to
colon polyps or anatomic locations other than rectal polyps.
Colonoscopy with a recurrent polyp was defined as repeat colo-
noscopy after index date with polypectomy and an associated
diagnosis of polyp within 3months after colonoscopy as previ-
ously reported (29). A colonoscopy without a recurrent polyp was
defined as a complete colonoscopy after index visit without poly-
pectomy and no polyps. In a secondary analysis, we assessed the
risk of interval CRC on colonoscopy after surgery. CRC was
defined using ICD codes as previously validated (having at least 2
diagnosis codes of CRC, one of which is a principal diagnosis) (20).
Our colorectal polyp recurrence and CRC incidence outcomes
were assessed in all patients and stratified by sex, type of surgery,
and follow-up of less than 4 or 4 years and more. The 4-year cut-
off was chosen because the sojourn time of CRC ranges between
4.5 and 5.8 years (8).

Definition of covariates

The Charlson Comorbidity Index (CCI) accounted for comorbid-
ities and was used for multivariable adjustment as done in prior

studies (22,28). CCI was calculated using documented comorbid-
ities within 1 year prior to the index visit and classified as no
comorbidities (0), mild (scores of 1-2), moderate (scores of 3-4), or
severe comorbidities (scores >5) (30). Alcohol or tobacco use was
defined by the presence of the respective codes at or prior to
index visit. The follow-up period from index colonoscopy can
affect the rate of polyps; hence, time from index colonoscopy to
follow-up colonoscopy and from surgery to follow-up colono-
scopy was determined. Adjustment was also made for indication
(screening vs diagnostic) for colonoscopy, which can confound
the risk or detection of polyps on colonoscopy (31). Finally, type 2
diabetes and hyperlipidemia are components of metabolic syn-
drome that are independently associated with an increased risk
of CRC (32,33). Therefore, adjustment was made based on use of
diabetes and cholesterol medications at index visit. Medications
were obtained from the national drug registry as previously per-
formed using MarketScan (34). Being on diabetes or cholesterol
medications was defined as having at least 2 prescriptions
belonging to these medications prior to index date, at least
6months apart, with 1 prescription date falling within 1year
prior to index date (35).

Statistical analysis

Up to 4 controls (adults with severe obesity and no surgery) were
matched to cases (adults with severe obesity who had bariatric
surgery) without replacement, using propensity scores calculated
from the following variables: age at time of colonoscopy, sex,
years from preindex polyps to index, years from index to postin-
dex colonoscopy, and CCI individual components (diabetes with-
out complications, diabetes with complications, myocardial
infarction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic pulmonary disease,
connective tissue disease-rheumatic disease, mild liver disease,
paraplegia and hemiplegia, renal disease, cancer after excluding
CRC and metastatic cancer, and moderate to severe liver disease).
Exact matches were required for sex and age (within 2 years), and
then propensity scores were matched using greedy nearest neigh-
bor methods to account for the remaining variables. Weights for
controls were dependent on how many controls were matched to
a case, such that the weights totaled to a 1:1 ratio. For instance,
when 4 controls were matched to a case, each control was given
a weight of 0.25. The standardized differences between our
matched characteristics were small (<0.2, as shown in Table 1),
which indicates a balanced propensity matching (36).

Patient characteristics were compared between cases and con-
trols. Adjusted odds ratios were used to assess the risk of recur-
rent polyps on colonoscopy, adjusting for age at colonoscopy,
sex, CCI, tobacco use, alcohol use, years from index to colono-
scopy, preindex colonoscopy, screening or non-screening colono-
scopy, and use of diabetes or cholesterol medications at index.
Univariate odds ratios were used to estimate the differences in
CRC between cases and controls. Multivariable logistic regression
analysis was not performed for CRC due to low event counts. All
statistical analyses were performed using SAS version 9.4 (SAS
Institute, Inc., Cary, NC, USA).

Results

General characteristics

A total of 1183 postbariatric surgery patients were included
(67.3% females and 30.3% RYGB) with colonoscopy at a mean age
of 57.4 + 6.6years. Most patients (95.7%) had a polyp less than
4years before surgery and a subsequent colonoscopy at a mean
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Table 1. Characteristics of the bariatric cohort and their matched controls®

Matched controls Standardized

Variable BRS (BMI >40 kg/m?) difference
Patients included 1183 3193 n/a
Female 796 (67.3%) 2083 (65.2%) —0.048
Age at follow-up colonoscopy, mean (SD), y 57.4 (6.6) 57.8 (6.5) —0.075
Charlson Comorbidity Index score —0.030

0 11 (0.9%) 38 (1.2%)

1-2 349 (29.5%) 914 (28.6%)

3-4 545 (46.1%) 1437 (45.0%)

5+ 278 (23.5%) 804 (25.2%)
Months from pre-index polyps to follow-up colonoscopy (SD) 52.4 (18.5) 53.3 (19.0) —0.140
Months from index visit date to follow-up colonoscopy (SD) 35.0 (18.3) 33.6 (17.6) 0.114
Alcohol use 15 (1.3%) 47 (1.5%) 0.010
Tobacco use 202 (17.1%) 494 (15.5%) —0.041
Screening colonoscopy indication 510 (43.1%) 1396 (43.7%) 0.010
Surgery type n/a n/a

RYGB 358 (30.3%)

VSG 825 (69.7%)
Use diabetes medications at index 435 (36.8%) 1076 (33.7%) —0.064
Use cholesterol medications at index 515 (43.5%) 1264 (39.6%) —-0.078

a

BRS =adults with severe obesity who underwent bariatric surgery; Controls = adults with severe obesity and no bariatric surgery; RYGB = adults with severe

obesity who underwent Roux-n-Y gastric bypass; VSG = Adults with severe obesity who underwent vertical sleeve gastrectomy.

There were 1183 cases matched with up to 4 controls using the following variables: age at colonoscopy, sex, individual Charlson score components, time from
preindex colonoscopy with polyp to index visit, time from index visit to follow-up colonoscopy (0-2 years, 3-4 years, 5+ years). The number of controls each case
was matched to are as follows: matching ratios: 4:1 n= 106 cases (9.0%); 3:1 n=675 cases (57.1%); 2:1 n =342 cases (28.9%); 1:1 n =60 cases (5.1%).

of 35+18.3months after surgery and 52.4 + 18.5months from
the prior colonoscopy with polypectomy. Propensity score
matched these characteristics and individual comorbidities of
the CCI with 3193 controls with obesity and no bariatric surgery
(Table 1). After matching, both groups had similar rates of alco-
hol, tobacco, and screening colonoscopy indication.

Risk of colorectal polyp recurrence after

bariatric surgery

The rate of colorectal polyps on follow-up colonoscopy was 63.8%
in bariatric patients and 71.7% in controls (details in
Supplemental Table 1, available online). Compared with matched
controls, there were reduced odds of colorectal polyps on colono-
scopy after bariatric surgery (OR=0.70, 95% CI = 0.58 to 0.83; as
shown in Figure 1). The reduction was more pronounced in males
and after RYGB (OR=0.58, 95% CI = 0.42 to 0.79; and OR=0.57,
95% CI = 0.41 to 0.79, respectively). The odds ratio of recurrence
was similar for less than 4 and 4years and over after bariatric
surgery, although it only reached statistical significance on a
follow-up colonoscopy less than 4 years after surgery.

Risk of rectal polyps and interval CRC in adults
with prior polyps

In this subanalysis, 9.1% and 10.1% were reported as rectal polyps
in cases and controls, respectively (Supplemental Table 1, avail-
able online). After adjustment for multiple confounders, there
was no reduction in the risk of rectal polyp recurrence after either
RYGB or VSG or when stratified by sex or follow-up period
(Figure 2). The rates of interval CRC were then assessed and were
0.4% in both cases and controls within a mean of 53.1months
(SD=18.9) from a prior colonoscopy without CRC (Supplemental
Table 2, available online).

Discussion

The data presented herein support a reduction in colorectal polyp
recurrence after bariatric surgery compared with controls with
obesity and no surgery. This is consistent with prior studies that

identified a decrease in prevalence of colorectal polyps after bari-
atric surgery (28,37). However, those studies did not assess the
timing of polyp formation and whether they formed before sur-
gery. In contrast, all patients in this analysis had colonoscopy
with polyp resection before bariatric surgery. Therefore, the data
suggest a reduction in de novo polyp formation. Our novel find-
ings are also the first, to our knowledge, to show a reduction in
risk of colorectal polyp recurrence with weight loss (9). Thorough
and rigorous exclusion criteria were applied. We also accounted
for risk factors for polyp recurrence, including male sex, age,
alcohol and tobacco use, and the follow-up interval since the
index colonoscopy (38,39). Finally, adjustments were made for
markers of metabolic syndrome (diabetes and dyslipidemia),
which can influence the risk of colorectal neoplasia independ-
ently from obesity.

As shown in Figure 1, a 30% reduction in risk of recurrent col-
orectal polyps was observed after bariatric surgery. Every 5kg/m?
increase in BMI is associated with a 19% increase in the risk of
colorectal polyps (10). Although it was not possible to assess the
degree of weight loss after surgery in the 2012-2020 MarketScan
database, patients’ BMI is typically decreased by 15kg/m? after
bariatric surgery (40). Notably, the observed reduction in recur-
rent polyp risk is less than what would be expected with this
effective weight loss, which could be due to a higher risk of for-
mation of polyps in adults with prior polyps. Interestingly, a sig-
nificant reduction in colorectal polyps was identified in males or
after RYGB compared with matched controls—almost twice as
much as observed in females or VSG. This could be due to a more
pronounced effect of obesity on CRC in men than women, espe-
cially for colon cancer (12). RYGB is also associated with a more
documented weight loss and metabolic improvement compared
with VSG, which can also explain a better polyp reduction effect
with RYGB (13). Notably, the effect size for reduction in colorectal
polyp reoccurrence was similar for less than 4 or 4years and
more, although only significant for less than 4 years. We suspect
the lack of statistical significance at 4 years and more is due to a
smaller sample size. Contrary to colon polyps, the recurrence of
rectal polyps remained unchanged despite bariatric surgery.
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OR LCL UCL P
All e 0.70 0.58 0.83  <0.001
RYGB — 0.57 0.41 079  <0.001
VSG —— 0.77 0.62 0.95 0.01
Males — 0.58 0.42 079  <0.001
Females —— 0.76 0.61 0.94 0.01
<4 years to colonoscopy e 0.70 0.57 0.85  <0.001
=4 years to colonoscopy e 0.71 048 1.04 0.07
Controls have higher odds Cases have higher odds
04 o "

Figure 1. Colorectal polyp recurrence after bariatric surgery vs matched controls with severe obesity and no bariatric surgery. Models adjusted for
cohort, sex, age at colonoscopy, alcohol use, tobacco use, Charlson index, years from index to colonoscopy, years from preindex polyps to index date,
screening colonoscopy, diabetes medications at index, cholesterol medications at index. BRS = adults with severe obesity who underwent bariatric
surgery; Controls = adults with severe obesity and no bariatric surgery; LCL =lower confidence level; OR = odds ratio; RYGB = adults with severe obesity
who underwent Roux-n-Y gastric bypass; UCL = upper confidence level; VSG = adults with severe obesity who underwent vertical sleeve gastrectomy.

OR LCL uUcL P
All e 0.92 0.69 1.21 0.53
RYGB —_— 0.77 0.46 1.31 0.34
VSG —a— 0.98 0.69 133  0.80
Males —— 0.70 0.44 1.14 0.15
Females — 1.08 0.75 1.49 0.74
<4 years fo colonoscopy —e— 0.91 0.67 125 058
=4 years to colonoscopy . 0.94 0.52 1.72 0.84
Controls have higher odds Cases have higher odds
0.1 1 1I0

Figure 2. Rectal polyp recurrence after bariatric surgery vs matched controls with severe obesity and no bariatric surgery. Models adjusted for cohort,
sex, age at colonoscopy, alcohol use, tobacco use, Charlson index, years from index to colonoscopy, years from preindex polyps to index date, screening
colonoscopy, diabetes medications at index, cholesterol medications at index. BRS =adults with severe obesity who underwent bariatric surgery;
Controls = adults with severe obesity and no bariatric surgery; LCL =lower confidence level; OR = odds ratio; RYGB = adults with severe obesity who
underwent Roux-n-Y gastric bypass; UCL =upper confidence level; VSG = adults with severe obesity who underwent vertical sleeve gastrectomy.

These data are consistent with prior data identifying a lesser
effect of obesity on risk of rectal neoplasia (10,12). Previous mech-
anistic studies also identify a variable effect of bariatric surgery
on rectal markers of inflammation and carcinogenesis (41-45).
With the increase in rectal cancer incidence in adults younger
than 50years, additional work is urgently needed to identify
underlying factors that may lead to improved rectal cancer risk
after bariatric surgery (46,47).

The literature on risk of CRC after bariatric surgery is hetero-
geneous to date, with some studies showing a puzzling increase
after 10years from surgery (48-51). In contrast, short-term
cohorts identify a reduction in females with a lesser effect in
males within 10years after surgery (22,28,52). In a recent study,
we confirmed a reduction in CRC risk after RYGB in females,

whereas there was no reduction in males or in females after VSG
(20). As a result, the risk of rectosigmoid cancer was more than
twofold in males compared with females after bariatric surgery.
In the current study, risk of interval CRC after bariatric surgery
was also assessed, and no difference was observed compared
with matched controls. This could be due to the small sample
size that does not allow a detailed assessment of a rare event
such as CRC.

Despite the comprehensive analysis reported herein, there are
noteworthy limitations. The administrative nature of the
MarketScan database has an inherent risk for coding errors and
bias, which we attempted to account for using our methods. For
instance, adults undergoing bariatric surgery may be inherently
different from those who did not undergo bariatric surgery.



Furthermore, obesity coding may not accurately estimate BMI or
the severity of obesity-related comorbidities. Efforts were made
to account for that bias in the exclusion criteria adopted and by
using a propensity score to match the cases and controls, which
allows for quasi-randomization and unbiased analysis of out-
comes based on the presence of bariatric surgery alone. In a sen-
sitivity analysis, we assessed whether our controls without
bariatric surgery were comparable with adults undergoing bariat-
ric surgery at baseline. To do so, we compared the polyp rates on
baseline colonoscopy done prior to bariatric surgery (n=2420)
and preindex date in our matched controls with severe obesity
(n=2420) after using similar methods to those described in our
manuscript. In this analysis, we identified a similar rate of polyp
formation at baseline in our cases and controls (46.7% vs 47.9%,
respectively; P=.42). These data suggest a minimal degree of
residual confounding using our methods. Despite including an
established coding method for colonoscopy with polyps and poly-
pectomy, we could not assess polyp size, number, or pathology in
our database. Although alcohol and tobacco were included in the
database, their rates may be underestimated due to the limita-
tion of administrative databases. Still, bariatric patients are usu-
ally encouraged to quit alcohol and tobacco prior to surgery,
which should hypothetically lead to a lower risk of CRC.
Furthermore, it was not possible to access actual weight regain or
other risk factors, such as race or ethnicity, duration of obesity,
and physical activity. Similarly, the menopausal status of our
female patients was not available for inclusion in the analysis.
These data are the first, to our knowledge, to investigate the
recurrence of colorectal neoplasia after bariatric surgery to better
inform clinicians and scientists investigating the impact of
energy balance on the risk polyp recurrence after resection.
These data can also help design future interventional studies
using bariatric surgery as a tool to study CRC prevention with
weight loss. Finally, by reducing the risk of recurrent polyps, bari-
atric surgery can serve as a way to lower the lifetime risk of meta-
chronous neoplasia in adults with obesity and prior polyps and,
ultimately, their need for more frequent colonoscopies (5).

Data availability

Our detailed methods and codes are described in our paper.
Patient level, de-identified, data was obtained from IBM
MarketScan as part of a data agreement with the Ohio State
University. Our investigators will make the analytical files avail-
able to any researchers for non-commercial purposes after the
researcher obtains approval for third party access from IBM
MarketScan. Any researcher requesting access to the raw
patient-level deidentified data that were used to generate the
analytical files can access the data directly through IBM
MarketScan under a license agreement with IBM MarketScan.
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