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Abstract

Background: Hiatal hernias are often repaired concurrently with bariatric surgery to reduce risk
of gastroesophageal reflux disease—related complications.

Objectives: To examine the association between concurrent hiatal hernia repair (HHR) and
bariatric outcomes. Setting: A 2010-2017 U.S. commercial insurance claims data set.

Methods: We conducted a retrospective cohort study. We identified adults who underwent sleeve
gastrectomy (SG) or Roux-en-Y gastric bypass (RYGB) alone or had bariatric surgery
concurrently with HHR. We matched patients with and without HHR and followed patients up to 3
years for incident abdominal operative interventions, bariatric revisions/conversions, and
endoscopy. Time to first event for each outcome was compared using multivariable Cox
proportional hazards modeling.

Results: We matched 1546 SG patients with HHR to 3170 SG patients without HHR, and we
matched 457 RYGB patients with HHR to 1156 RYGB patients without HHR. A total of 73% had
a full year of postoperative enrollment. Patients who underwent concurrent SG and HHR were
more likely to have additional abdominal operations (adjusted hazard ratio [aHR], 2.1; 95% ClI,
1.5-3.1) and endoscopies (aHR, 1.5; 95% ClI, 1.2-1.8) but not bariatric revisions/conversions
(@aHR, 1.7; 95% ClI, .6-4.6) by 1 year after surgery, a pattern maintained at 3 years of follow-up.
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Among RYGB patients, concurrent HHR was associated only with an increased risk of endoscopy
(@aHR, 1.4; 95% ClI, 1.1-1.8)) at 1 year of follow-up, persisting at 3 years.

Conclusions: Concurrent SG/HHR was associated with increased risk of some subsequent
operative and nonoperative interventions, a pattern that was not consistently observed for RYGB.
Additional studies could examine whether changes to concurrent HHR technique could reduce

risk.
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Methods

Hiatal hernias are common among bariatric surgery candidates, affecting 20%-50% of
individuals with severe obesity [1,2], and resulting gastroesophageal reflux disease (GERD)
[3] may increase risk for reinterventions [4,5]. Most surgeons therefore electively repair
hiatal hernias concurrently with bariatric surgery [6], although scientific study of this
practice is limited mostly to case series of patients undergoing concurrent bariatric
procedures with hiatal hernia repair (HHR) [7] with no control groups. Several recent larger
studies used more rigorous methods; however, postoperative follow-up was limited in
duration [8,9].

We used a nationwide health insurance claims data set to compare rates of postbariatric
operative and endoscopic interventions among matched cohorts of patients who did and did
not undergo contemporaneous HHR. Despite the potential longer-term benefits of HHR in
reducing GERD-related complications, addition of a second complex surgical procedure
alongside a bariatric surgery may increase risk for early complications, such as leaks,
bleeding, and infection, and for later complications due to formation of adhesions or other
subacute complications. We explored whether reintervention risk is higher or lower after
concurrent HHR plus bariatric surgery and if it differs between sleeve gastrectomy (SG) and
Roux-en-Y gastric bypass (RYGB).

Study design and data source

We conducted a retrospective cohort study using Optum’s deidentified Clinformatics Data
Mart Database, which includes 2010-2017 inpatient, outpatient, and pharmacy claims for
approximately 33 million members of a large national health plan as well as enrollment and
demographic information. The study was approved by the Harvard Pilgrim Institutional
Review Board.

Study populations

We used Current Procedural Terminology (CPT) and /nternational Classification of Diseases
(/1CD-9, ICD-10) procedure codes to identify members ages 18-64 years who underwent a
primary laparoscopic SG or RYGB between January 1, 2010, and June 7, 2017 (detailed
methods previously published) [10].
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To identify patients who had concurrent HHR, we selected those with at least 1 inpatient or
2 outpatient hiatal hernia diagnoses (eTable 1) in the 6 months before or on the day of
bariatric surgery who also had a CPT code (eTable 1) for HHR on the day of surgery. We
excluded patients with preoperative diagnosis for hiatal hernia but no repair coded on the
surgical date because it is possible that some of these individuals had a repair that was not
billed to insurance [11,12]. Our comparison population comprised patients who had neither
any hiatal hernia diagnoses nor an HHR code associated with their index surgeries.

We required patients to be enrolled at least 6 months preoperatively and 1 month
postoperatively. After surgery, up to 3 years of follow-up data were examined. Because SG
and RYGB confer different risks of operative reintervention [10], we separately compared
patients who did and did not have contemporaneous HHR within each bariatric surgical
category, that is, SGyjone Versus SGynpr and RYGB;jone Versus RYGBHHR.

Outcome measures

Covariates

Our primary outcome was subsequent abdominal operation for presumed complication,
based on a previously-curated list of procedures (eTable 2), including codes for lysis of
adhesions, omental flaps, and more generic codes such as “CPT 22999 (Abdomen Surgery
Procedure)” [10].

We also examined bariatric revision/conversion as a standalone outcome (eTable 2) because
worsened GERD, particularly after SG, could lead to surgical revision or conversion to a
different bariatric procedure [10]. Finally, we separately assessed postsurgery endoscopy
(diagnostic and/or therapeutic) because patients with GERD may be more likely to require
invasive workup (eTable 2).

Demographic measures included age group, sex, and United States region. We classified
patients as residing in predominantly white, black, or mixed race neighborhoods based on
geocoding, with a superseding Hispanic or Asian categorization based on the E-tech System
(Ethnic Technologies, Hackensack, NJ) [13,14]. We measured neighborhood poverty [15]
using 2008-2012 American Community Survey [16] data, which defined patients as living
in low-income neighborhoods when =10% of their census tract were below the poverty line.
We characterized timing of procedure in 2-year blocks between 2010 and 2017.

We categorized body mass index (BMI) using the most recently coded presurgery diagnosis:
30-39.9, 40-49.9, 50-59.9, or =60 kg/m?; nonspecific obesity (when only a generic obesity
code such as /CD-9278.01 was available); or missing (<1%) [10].

We used Johns Hopkins Adjusted Clinical Groups System software to calculate a summary
measure of 6-month baseline morbidity based on age, sex, and diagnoses in patients’ claims
[17]. We classified patients with scores >3 as having higher morbidity and flagged diagnosis
groups such as cardiovascular disease, mental illness, and hypertension. We classified
baseline GERD as “no GERD” (no diagnoses), “possible GERD” (single outpatient
diagnosis), or “likely GERD” (=2 outpatient diagnoses or 1 inpatient diagnosis). Patients
were separately characterized as filling medications for GERD (proton pump inhibitor or H2
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blocker) or not. Finally, we categorized history of tobacco use based on codes in the 6
months before surgery (eTable 3).

Matching strategy

To address potential confounding by indication, we matched patients with HHR to controls
based on factors likely associated with both hiatal hernia and reintervention. For each
comparison (SGony versus SGyr and RY GBgnyy versus RYGBpyR), we balanced groups
using coarsened exact matching (CEM) [18]. Unlike traditional approaches that match
individuals based on specific characteristics, CEM creates population weights that balance
groups within strata of selected variables, akin to stratified randomization in a trial. We
balanced groups on variables with standardized differences >|.1| at baseline: preoperative
GERD diagnosis and prescriptions, age group, sex, baseline BMI category, Adjusted
Clinical Groups score, calendar year group of surgery, and U.S. region [19].

Analytic approach

For each analysis (SGopjy versus SGyyr and RYGBgpy Versus RYGBpyR), we compared
baseline characteristics before and after matching [19], with standardized difference <|.1|
used to deem groups well balanced [19].

We plotted time to first operative reintervention, revision, or endoscopy using separate
CEM-weighted Kaplan-Meier curves with 95% Cls. We used the survival proportions
underlying these curves to estimate the prevalence of outcomes over follow-up, accounting
for dropout. We also identified the most commonly coded procedures and their associated
diagnoses for each cohort.

To compare cumulative risk between those with and without HHR, we specified Cox
proportional hazards models for each outcome. We adjusted models for matching covariates
plus any variables with a postmatch standardized difference exceeding |.1|. Patients without a
qualifying event were censored at the time of incident gastrointestinal malignancy (to avoid
counting surgeries for incident cancer), death, the end of our data set (June 30, 2017), or
disenrollment (loss to follow-up). Patients in the SG,jgne and RYGBgjone groups were also
censored if they “crossed over” into the HHR exposure category based on an incident hiatal
hernia diagnosis or HHR.

Sensitivity analyses

Results

Because interventions such as bariatric revision or conversion are rare immediately after an
index procedure, we performed additional analyses extending follow-up to 3 years. We
considered these as exploratory because of the small sample sizes remaining in our cohorts,
particularly for RYGB.

Study population

Preoperative hiatal hernia diagnosis and contemporaneous HHR were common in both SG
and RYGB populations (eFig. 1). Of 8627 SG patients, 3275 (38%) had a presurgery hiatal
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hernia diagnosis. Among 4496 RYGB patients, hiatal hernia was diagnosed preoperatively in
1206 (27%; Xz P <.001 comparing hiatal hernia prevalence for SG versus RYGB).
Similarly, contemporaneous HHR was more common among SG (1765 [20%]) than RYGB
(591 [13%]) patients with a diagnosed hernia (x2 A= .02).

Our final SG cohort included 1546 patients with contemporaneous HHR (SGppRr) and 3170
SGonly patients (eFig. 1). The matched groups were well balanced on sex (83.3% were
women), age (mean, 43.3 [SD, 10.3] years), BMI category (19.7% <40 kg/m?, 75.8% =40
kg/m2, 4.5% with nonspecific or missing BMI), measured co-morbidity burden, and
sociodemographic characteristics (Table 1). The matched population of RYGB patients
included 457 patients with contemporaneous HHR (RYGBpHR), and 1156 RYGBgpy
patients (eFig. 1). Among RYGB patients, 87.5% were women, mean age was 44.2 (SD,
10.5) years, 15.8% had a BMI <40 kg/m?, 74.2% had a BMI =40 kg/mZ2, and 10.1% had
nonspecific or missing BMI (Table 2). The percentage of patients, by exposure category,
with 1 and 3 years of follow-up, were SGonjy: 72.8% and 40.5%; SGuyRr: 74.1% and 43.4%;
RYGBonly: 73.9% and 37.0%; and RYGBHR: 70.1% and 35.9% (eTable 4).

Primary outcome: operative intervention for presumed complications

The estimated prevalence of additional abdominal operations by 1 year was 4.2% (95% ClI,
3.3%-5.4%) among SGHnr patients and 2.3% (95% Cl, 1.8%~-2.9%) among SGonjy
patients, with adjusted hazard ratio (aHR) of 2.1 (95% ClI, 1.5-3.1; P<.001) (Table 3; Fig.
1). The excess risk of abdominal operations for SGyyr patients appeared early after the
index surgery. By 30 days, the estimated prevalence of operative reintervention in SGyyr
patients was 2.3% (95% Cl, 1.6-3.1%) versus .9% (.6-1.3%) for SGopjy (Table 3; Fig. 1).
Omental flaps (probably indicative of leaks) represented 46% of these early operations for
SGHHR, While among SGonyy patients, the most common procedure by postoperative day 30
was lysis of adhesions (24%) (eTable 5; eTable 6). By the end of postoperative year 1, the
top 3 abdominal operations among SGnR patients were omental flap (27%), lysis of
adhesions (17%), and nonspecific laparoscopic procedure (12%). Among SGonyy patients,
they were lysis of adhesions (36%), nonspecific laparoscopic procedure (21%), and omental
flap (7%).

Among RYGB patients, there was no detectable difference in risk of additional abdominal
operations at 1 year according to HHR status (aHR, 1.5; 95% CI, .9-2.5; P=.11) (Table 3;
Fig. 1). By 30 days, the estimated prevalence of operative reintervention in RYGBHHR
patients was 1.3% (95% Cl, .6-2.9%) versus 1.2% (95% Cl, .7-2.0%) for RYGBgpy (Table
3; Fig. 1). Operative reintervention codes differed among RYGB compared with SG (eTable
5, eTable 6), with nonspecific laparoscopy (33%) and gastropexy (21%) the most common
early (0-30 days) procedures among RYGB patients. By the end of year 1, nonspecific
laparoscopy (27% of RYGBppRr operations and 18% of RYGBgpyy operations) and lysis of
adhesions (15% of RYGBHR operations and 22% of RYGBgpjy operations) remained the 2
most common procedure subcategories.
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Bariatric conversion or revisional procedures

Endoscopy

Bariatric conversion or revision events were rare, with a 1-year estimated prevalence of .5%
(95% Cl, .3-1.1%) among SGHnr and .3% (95% Cl, .1%-.6%) among SGqnyy (Fig. 1) and
no detected difference by HHR status (Cox aHR, 1.7; 95% Cl, .6-4.6; P=.33) (Table 3). We
did not conduct these analyses among RYGB patients because there were only 2 qualifying
events in the first postoperative year.

SGHHR patients had an increased risk of endoscopy compared with SGopyy patients (aHR,
1.5; 95% ClI, 1.2-1.8; P<.001) (Table 3; Fig. 1) at 1 year, with an estimated prevalence of
9.5 (95% ClI, 8.1-11.3%) versus 7.1% (95% ClI, 6.2-8.1%), respectively. Risk of endoscopy
by 1 year was similarly higher among RYGBHyr patients compared with RYGBgpy patients
(aHR, 1.4; 95% Cl, 1.1-1.8; P = .01) (Table 3; Fig. 1), with an estimated 21.4% (95% ClI,
17.8-25.7%) of RYGBHHR patients undergoing endoscopy by 1 year after surgery versus
16.5% (95% Cl, 14.4-18.9%) of RYGBgpyy patients.

Sensitivity analyses

A total of 42% of SG patients were enrolled at 3 years, at which point risk of abdominal
operative intervention among SGpyr patients remained elevated compared with SGopjy
patients (aHR, 1.9; 95% ClI, 1.4-2.6; £<.001) (eTable 7; eFig. 2). The magnitude and
direction of the estimates for risk of endoscopy (aHR, 1.3; 95% CI, 1.1-1.6; A= .004) and
revision/conversion (aHR, 1.3; 95% CI, .5-3.1; P=.61) among SGHHR Versus SGonly
patients at 3 years mirrored our 1-year results.

A total of 36% of RYGB patients remained enrolled at 3 years, at which point there was no
increased risk of subsequent abdominal operation among RYGBQnRr patients compared with
RYGBonly (aHR, 1.0; 95% Cl, .7-1.6; P=.88) (eTable 7; eFig. 3). However, RYGB patients
with HHR remained more likely to receive endoscopic interventions (3-year aHR, 1.3; 95%
Cl, 1.0-1.6; P=.046). There were still insufficient revision/conversion events among the
RYGB cohort (n = 5 total events) at 3 years to permit modeling.

Discussion

In this cohort study, we observed a higher 1- and 3-year risk of additional abdominal
operations among patients undergoing combined SGpr compared with matched SGonjy
patients. These differences were driven by early postoperative risk of additional operation
among SGuyr patients. We did not detect a difference in reoperation risk between RYGB
patients with and without HHR. Bariatric revisions and conversions were rare, and risk of
this outcome did not differ by HHR status. For both SG and RYGB, contemporaneous HHR
was associated with increased risk of subsequent endoscopy.

Reoperation after bariatric surgery is an important source of morbidity [20,21] and cost
[22,23] that surgeons, health systems, and patients seek to avoid. Prior research has shown
that SG is associated with a lower risk of reoperation compared with RYGB, with a relative
difference of approximately 30% by 3-5 years [10,24-26]. However, our data suggest that
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patients who undergo SG along with a higher complexity procedure like HHR may have
increased risk of reintervention, particularly during the early postoperative period when
reoperation is typically prompted by leaks, bleeding, and infection [20,27,28]. Omental flaps
(a plurality of procedure codes in the early postoperative period for SGyyr) may be
indicative of leaks and may have been more common for SGynr because of the dissection of
the hiatus resulting in an injury to the stomach or the esophagus or a devascularization
injury. Although risk of subsequent operative intervention did not differ for RYGB patients
by concurrent HHR status, this does not suggest that hiatal hernia patients should be triaged
to RYGB because the overall risk of operative reintervention remains higher for RYGB, as
noted above.

Among both SG and RYGB patients, we observed a higher risk of endoscopy among those
with concurrent HHR, generally emerging after the 90-day postsurgery mark (Fig. 1).
Although higher rates of endoscopy could signify GERD symptoms in the HHR groups, our
finding that bariatric conversions/revisions were very rare (and did not differ by HHR status)
out to 3 years after surgery is reassuring, particularly among SG patients, that GERD
symptoms (if present) were not leading to numerous conversions.

We are aware of 3 recent short-term studies comparing bariatric outcomes according to
concurrent HHR status. A 2018 analysis found no difference in 30-day adverse event rates in
bariatric surgery patients with and without concurrent paraesophageal hernia repair (PEH)
status. [29]. Similarly, a 2019 Metabolic and Bariatric Surgery Association Quality
Improvement Program (MBSAQIP) registry study found no increased risk of 30-day adverse
events associated with concurrent PEH repair (1.1% event rate without PEH and 1.2% with
PEH) [8]. These articles are difficult to compare with our study because they included
conditions such as pneumonia, venous thromboembolism, and cardiovascular events in
addition to reoperation and complications such as bleeding and anastomotic leaks. Shada et
al. separately examined operative reintervention (finding no difference in 30-day rates
[1.5%] regardless of PEH status); however, this analysis grouped RYGB and SG patients
together, unlike in our study [29]. Another study in the MBSAQIP registry observed higher
rates of 30-day reoperation (1.1% versus .8%), readmission, and overall morbidity among
SG patients with HHR compared with propensity-matched SGonjy patients [9]. We observed
higher 30-day reoperation rates among SGHnRr patients (2.3%) than either MBSAQIP-based
article, possibly because insurance claims data may more completely capture adverse events
outside the hospital system of the index procedure. Based on our review of the literature,
ours is the first study to assess differences in risk up to 3 years by HHR status separately for
SG versus RYGB patients.

Limitations of our study include the observational, nonrandomized design, which precludes
causal inference. Because we used claims data, there is potential for unmeasured
confounding by provider and patient characteristics. SG patients were more likely to have
diagnoses for hiatal hernias and to undergo contemporaneous repair compared with RYGB
patients. This should not have biased our results because we did not directly compare the SG
and RYGB groups. However, providers who only offer SG may more aggressively screen for
hernias and/or perform HHR because SG is associated with greater GERD risk. Our SG
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analyses could be biased from the null if such practice styles correlate with a greater
likelihood of subsequent operations and interventions.

Although our cohorts were well matched on measured characteristics, we lacked data about
hernia severity that may have both promoted a decision to repair a hiatal hernia and a
decreased threshold for reintervening after the procedure. The nature of our data set also
limited our ability to assess clinical improvements after contemporaneous hernia repair or
differences by surgical approach. Finally, the cohorts had attrition over the follow-up period,
as is typical with insurance claims-based studies.

Because insurance claims cannot provide clinical insight into improvement or worsening in
GERD symptoms, we do not know whether leaving hiatal hernias unrepaired at the time of
bariatric surgery would improve outcomes. Even if pairing SG with HHR leads to higher
early complication rates, the absolute risk difference is relatively small; therefore, this
approach may still be preferable to nonrepair or a multistage operation. Although we
identified a group of hiatal hernia patients who had bariatric surgery without apparent HHR,
our study does not allow assessment of this management approach because we excluded
these patients from analyses. We felt that such “nonrepaired” patients likely differed from
those undergoing HHR in prognostically significant ways (e.g., potentially had smaller hiatal
hernia, had no symptoms, or were misdiagnosed preoperatively). Additionally, coding for
HHR with bariatric surgery appears to have declined over time, leading to risk of
misclassification for these “nonrepaired” patients. Among patients with presurgery hiatal
hernia diagnoses, 20% did not have concurrent HHR coded in the early years of our data
compared with 43% by 2016-2017. Some insurers have recently stopped reimbursing for
contemporaneous HHR with bariatric surgery [11,12]; therefore, it is possible that some
patients in this excluded “nonrepaired” hernia group actually did undergo HHR that was not
billed to insurance, particularly in the latter years under study.

Conclusions

In this cohort study of bariatric procedures with concurrent HHR, we observed a higher risk
of additional abdominal operations for SG patients and a higher risk of endoscopy for both
SG and RYGB. Our findings support a need for additional studies with clinical data sets to
better understand the risks and benefits associated with HHR, how they may differ between
SG and RYGB, and how differences in technical approach might decrease complication risk.
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Fig. 1.

Kaplan-Meier plots of reinterventions up to 1 year after SG or RYGB by hiatal hernia repair.
SG = sleeve gastrectomy; RYGB = Roux-en-Y gastric bypass.
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Table 1
Baseline characteristics of SG patients with and without hiatal hernia repair
Variables Unmatched cohorts” Matched cohorts™
% . Qiraépajajr Sy (= Standardized ﬁg r;;ira}e;‘a” SGny (1= Standardized
(n = 1765) 5352) differencel (n = 1546) 3170) differenc’

Age group, n (%) .16 .00

18-29 yr 570 (32.3) 2077 (38.8) 518 (33.5) 1062 (33.5)
30-39 yr 602 (34.1) 1764 (33.0) 550 (35.6) 1128 (35.6)
40-49 yr 466 (26.4) 1191 (22.3) 403 (26.1) 826 (26.1)

50-64 yr 127 (7.2) 320 (6.0) 75 (4.9) 154 (4.9)

Female sex, n (%) 1415 (80.2) 3949 (73.8) 15 1288 (83.3) 2641 (83.3) .00

Predominantly white 815 (46.2) 2622 (49.0) .07 707 (45.7) 1532 (48.3) .08

neighborhood (275%), n (%)*

Neighborhood below poverty .04 .04

line, n()%,7
Less poor (<10%) 798 (45.2) 2321 (43.4) 685 (44.3) 1394 (44.0)

More poor (=10%) 816 (46.2) 2557 (47.8) 728 (47.1) 1473 (46.5)
Missing 151 (8.6) 474 (8.9) 133 (8.6) 303 (9.6)

Region of United States, n (%) .29 .00
West 290 (16.4) 1053 (19.7) 231 (14.9) 474 (14.9)

South 1037 (58.8) 2555 (47.7) 959 (62.0) 1966 (62.0)
Midwest 217 (12.3) 1138 (21.3) 199 (12.9) 408 (12.9)
Northeast 221 (12.5) 595 (11.1) 157 (10.2) 322 (10.2)

Year of surgery, n (%) .24 .00
2010-2011 156 (8.8) 611 (11.4) 113 (7.3) 232 (7.3)
2012-2013 504 (28.6) 1240 (23.2) 442 (28.6) 906 (28.6)
2014-2015 701 (39.7) 1881 (35.1) 628 (40.6) 1288 (40.6)
2016-2017 404 (22.9) 1620 (30.3) 363 (23.5) 744 (23.5)

BMI category, n (%), kg/m? .30 .00
30-39.9 371 (21.0) 855 (16.0) 304 (19.7) 623 (19.7)

40-49.9 980 (55.5) 2830 (52.9) 924 (59.8) 1895 (59.8)
50-59.9 251 (14.2) 912 (17.0) 217 (14.0) 445 (14.0)
260 44 (2.5) 297 (5.5) 31(2.0) 64 (2.0)
Nonspecific obesity 111 (6.3) 431 (8.1) 67 (4.3) 137 (4.3)
Missing 8 (.5) 27 (5) 3(2) 6(.2)

GERD, n (%)’t 61 00

No diagnosis 392 (22.2) 2532 (47.3) 350 (22.6) 718 (22.6)
1 inpatient diagnosis 214 (12.1) 817 (15.3) 154 (10.0) 316 (10.0)
2+ outpatient diagnoses 1159 (65.7) 2003 (37.4) 1042 (67.4) 2137 (67.4)
Filled prescription for GERD 686 (38.9) 1652 (30.9) 17 566 (36.6) 1161 (36.6) .00

medication, n (%)’t
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Variables Unmatched cohorts” Matched cohorts™
ﬁr;;wir%tpalajr SGony (= Standardized ﬁgr;giraetsﬂair SGony(n=  Standardized
(n=1765 5352 difference (n=1546 3170 differenct
ACG score 23, n (36)*/ 344 (19.5) 783 (14.6) 13 287 (18.6) 521 (16.5) .06
Hypertension, n (%)* 778 (44.1) 2309 (43.1) .02 646 (41.8) 1351 (426)  -.02
2D, n (%)* 535 (30.3) 1680 (31.4)  -.02 445 (28.8) 968 (30.5) -.04
Cardiovascular disease, n (96)F 141 80) 335 (6.3) 07 123 (8.0) 187 (5.9) 08
psychiatric illness. n (%)* 708 (40.1) 2231(41.7) - .03 635 (41.1) 1348 (425)  -.03
Tobacco/smoking history, n 310 (17.6) 932 (17.4) .00 267 (17.3) 588 (18.6) -.03
t
(%)
1397 (79.2) 3739 (69.9) .21 1225 (79.2) 2335(737) .13

Surgery in inpatient setting, n
(%)

BMI = body mass index; GERD = gastroesophageal reflux disease; ACG = Adjusted Clinical Groups; T2D = type 2 diabetes.

*
We conducted coarsened exact matching on preoperative GERD diagnosis, GERD medication use, age group, sex, baseline BMI category, ACG
score, calendar year group of surgery, and United States region. Matched cohorts reflect weighted samples post matching.

7LStandardized differences are the difference in means between the intervention and control groups divided by the SD of the difference in means.

Lower absolute values indicate greater similarity between groups, and values <.2 indicate minimal differences between groups.

’tFor complete descriptions of how we constructed baseline variables, please refer to the Methods section.

”Neighborhoods with less poverty were those where <10% of households were below the poverty line; more poverty were those where = 10% of
households were below the poverty line.

I
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Table 2

Baseline characteristics of RYGB patients with and without hiatal hernia repair

Page 15

Variables Unmatched cohorts” Matched cohorts”
RYGB + RYGBgyy (n = Standar dized RYGBgny (n=  Standardized
Eleerltne}la 3290) differenc’ E;&Bh; o 1156) differenc’
repair (n = repair (n=
591) 457)
Age group, n (%) .16 .00
18-29 yr 164 (27.7) 1132(34.4) 136 (29.8) 344 (29.8)
30-39 yr 189 (32.0) 1097 (33.3) 158 (34.6) 400 (34.6)
40-49 yr 178 (30.1) 829 (25.2) 133 (29.1) 336 (29.1)
50-64 yr 60 (10.2) 232 (7.1) 30 (6.6) 76 (6.6)
Female sex, n (%) 478 (80.9) 2438 (74.1) .16 400 (87.5) 1012 (87.5) .00
Predominantly white 288 (48.7) 1688 (51.3) 11 215 (47.0) 603 (52.1) 13
neighborhood (275%), n
o)’
Neighborhood below .05 12
poverty line, n (%)I,,/
Less poor (<10%) 246 (41.6) 1426 (43.3) 178 (38.9) 507 (43.9)
More poor (=10%) 301 (50.9) 1627 (49.5) 243 (53.2) 580 (50.2)
Missing 44 (7.4) 237 (7.2) 36 (7.9) 69 (5.9)
Region of United States, n 21 .00
(%)
Wiest 139 (23.5) 859 (26.1) 105 (23.0) 266 (23.0)
South 292 (49.4) 1277 (38.8) 253 (55.4) 640 (55.4)
Midwest 111 (18.8) 814 (24.7) 80(17.5) 202 (17.5)
Northeast 49 (8.3) 324 (9.8) 19 (4.2) 48 (4.2)
Year of surgery, n (%) 19 .00
2010-2011 169 (28.6) 1150 (35.0) 139 (30.4) 352 (30.4)
2012-2013 188 (31.8) 832 (25.3) 144 (31.5) 364 (31.5)
2014-2015 147 (24.9) 741 (22.5) 110 (24.1) 278 (24.1)
2016-2017 87 (14.7) 567 (17.2) 64 (14.0) 162 (14.0)
BMI category, n (%), kg/m? .34 .00
30-39.9 117 (19.8) 405 (12.3) 72 (15.8) 182 (15.8)
40-49.9 298 (50.4) 1462 (44.4) 259 (56.7) 655 (56.7)
50-59.9 97 (16.4) 691 (21.0) 75 (16.4) 190 (16.4)
260 13 (2.2) 165 (5.0) 5(1.1) 13(1.1)
Nonspecific obesity 64 (10.8) 529 (16.1) 46(10.1) 116 (10.1)
Missing 2(3) 38 (1.2)
GERD, n (%)i 60 00
No diagnosis 121 (20.5) 1511 (45.9) 102 (22.3) 258 (22.3)
1 inpatient diagnosis 68 (11.5) 383 (11.6) 32(7.0) 81 (7.0)
2+ outpatient diagnoses 402 (68.0) 1396 (42.4) 323(70.7) 817 (70.7)
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Variables Unmatched cohorts® Matched cohorts”
RYGB + RYGBgny (N = Standar dized RYGBgny (n=  Standardized
hiatal 3290) differenct RYGB + 1156) differenct
hernia hiatal hernia
repair (n= repair (n =
591) 457)
Filled prescription for 280 (47.4) 1092 (33.2) .29 200 (43.8) 506 (43.8) .00
GERD
medication, n (%)’t
ACG score 23, n (%)I’// 119 (20.1) 563 (17.1) .08 84(18.4) 229 (19.8) -.04
Hypertension, n (%)i 300 (50.8) 1538 (46.7) .08 225 (49.2) 541 (46.8) .05
T2D, n (%)i 234 (39.6) 1418 (43.1) -.07 167 (36.5) 492 (42.6) =12
Cardiovascular disease, n 45 (7.6) 237 (7.2) .02 29 (6.3) 72 (6.2) .01
o)*
Psychiatric illness, n (%);‘ 208 (35.2) 1295 (39.4) -.09 156 (34.1) 494 (42.7) -.18
Tobacco/smoking history,n 97 (16.4) 552 (16.8) -.01 75 (16.4) 186 (16.1) .01
©)”
Surgery in inpatient setting, 561 (94.9) 2735 (83.1) .38 434 (95.0) 1005 (87.0) .28

n (%)

RYGB = Roux-en-Y gastric bypass; BMI = body mass index; GERD = gastroesophageal reflux disease; ACG = Adjusted Clinical Groups; T2D =

type 2 diabetes.

*
We conducted coarsened exact matching on preoperative GERD diagnosis, GERD medication use, age group, sex, baseline BMI category,

neighborhood race/ethnicity, calendar year group of surgery, and United States region.

fStandardized differences are the difference in means between the intervention and control groups divided by the SD of the difference in means.

Lower absolute values indicate greater similarity between groups, and values <.2 indicate minimal differences between groups.

'tFor complete descriptions of how we constructed baseline variables, please refer to the Methods section.

”Neighborhoods with less poverty were those where <10% of households were below the poverty line; more poverty were those where = 10% of
households were below the poverty line.

h
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Page 17

Results from 1-yr Cox proportional hazards models* comparing matched cohorts of SG and RYGB patients
with and without hiatal hernia repair

1-Year adjusted
hazard ratio
(95% CI) P
value

Cumulative incidence of outcome (95% Cl) for SG and RYGB in the early (90 d) and later (1
yr) postoper ative periodT

90 Days after index procedure

1 Year after index procedure

Sleeve
gastrectomy

Abdominal
operative

intervention§

Bariatric
revision/
7

1

conversion

Endoscopy

2.14 (1.49-3.05)
<.001

1.66 (.60-
4.56).326

1.45 (1.16—
1.81) .001

Roux-en-Y gastric bypass

Abdominal
operative

intervention§

Endoscopy//

1.49 (.91~
2.46).108

1.40 (1.09-
1.82) .010

SGonly (n = 2864; 93%
of cohort remains
enrolled), %

1.10 (:8-1.5)

20 (1,-5)
3.90 (3.3-4.7)

RYGBgy (n = 1070;
94% of cohort remains
enrolled), %

2.00 (1.4-3.0)

10.10(8.5-12.1)

SGpnr(n = 1411; 94%
of cohort remains

enrolled), %-Z‘

2.90 (2.1-3.8)

20 (1,-6)
5.30 (4.4-6.7)

RYGBypr (n 5 412;
92% of cohort remains

enrolled), %’t
3.30 (2.0-5.5)

15.30 (12.3-19.1)

SGonly (n 5 1926;
73% of cohort
remains enrolled), %

2.30(1.8-2.9)

30 (.1,—.6)
7.10(6.2-8.1)

RYGBonyy (N5 767,
74% of cohort
remains enrolled), %

4.50 (3.4-6.0)

16.50 (14.4-18.9)

SGynr (N 5 968; 74%
of cohort remains

enrolled), %'t
4.20 (3.3-5.4)

50 (:3-1.1)
9.50 (8.1-11.3)

RYGBypr (n 5 286;
70% of cohort remains

enrolled), %’t
6.40 (4.4-9.3)

21.40 (17.8-25.7)

SG = sleeve gastrectomy; RYGB = Roux-en-Y gastric bypass; HHR = hiatal hernia repair; TD2 = type 2 diabetes; VSG = vertical sleeve

gastrectomy.

*Models were adjusted for all matched covariates, plus in SG models a covariate indicating whether the index procedure was performed in an
inpatient setting, and for RYGB models covariates indicating T2D status, neighborhood education and poverty levels, and setting of surgery
(inpatient). The selection of additional variables for adjustment was based on which covariates had a standardized difference >.1 after performing
coarsened exact matching.

fFrom adjusted Kaplan-Meier plots at days 90, 180, and 360 relative to index procedure.

t

SG 1 HHR and RYGB 1 HHR indicates patients who had codes for contemporaneous hiatal hernia repair on the date of their index sleeve
gastrectomy or Roux-en-Y gastric bypass procedures, respectively.

§Abdomina| operative intervention: outcome: category includes operations such as lysis of adhesions, abscess drainage, omental flaps, and more
generic codes, such as exploratory laparotomy, or nonspecific abdominal operation codes. Complete code list can be found in eTable 1 in Appendix

1

% Bariatric conversion/revision: represents subsequent bariatric procedure codes (e.g., RYGB after index VSG) or repeat gastrectomy codes for

initial SG patients.
I

Endoscopy category includes any endoscopic procedure for diagnosis or treatment on the upper gastrointestinal tract. Note that models were not

built for revision/conversion outcome among RYGB patients because there were too few qualifying events at the 1-yr follow-up mark.
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