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Abstract

Weight loss is an effective strategy for management of hypertension and bariatric surgery is

the most effective weight loss and maintenance strategy for obesity. The importance of bariatric
surgery in the long-term management of hypertension and which operation is most effective is
less clear. We compared the effectiveness of vertical sleeve gastrectomy (VSG) and Roux-en-Y
gastric bypass (RYGB) for remission and relapse of hypertension after surgery in the Effectiveness
of Gastric Bypass vs. Gastric Sleeve for Cardiovascular Disease (ENGAGE CVD) cohort study.
Operations were done by 23 surgeons across 9 surgical practices. Hypertension remission and
relapse were assessed in each year of follow-up beginning 30 days and up to 5 years post-surgery.
We used a local instrumental variable approach to account for selection bias in the choice of VSG
or RYGB. The study population included 4,964 patients with hypertension at the time of surgery
(n=3,186 VSG; n=1,778 RYGB). At 1 year, 27% of patients with RYGB and 28% of patients
with VSG achieved remission. After 5 years, without accounting for relapse, 42% of RYGB and
43% of VSG patients had experienced hypertension remission. After accounting for relapse, only
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17% of RYGB and 18% of VVSG patients remained in remission 5 years after surgery. There
were no statistically significant differences between VSG and RYGB for hypertension remission,
relapse, or mean systolic and diastolic blood pressure (BP) at any time during follow-up.
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INTRODUCTION

Severe obesity (body mass index [BMI] = 35 kg/m?) has increased over the past several
decades with rates as high as 30% for middle-aged Black women compared to 17% for
their white counterparts in the U.S.1 Studies throughout the world have shown that there

is a direct relationship between BMI and blood pressure (BP),2~> and obesity may be
responsible for 65%-78% of hypertension in the U.S.% 7 Weight loss is recommended to
reduce BP in adults with obesity* & 9 but weight loss through lifestyle modification alone
is challenging.10: 11 Only 50% of studies testing intensive lifestyle interventions for weight
loss and maintenance show at least 5% weight loss (considered clinically meaningful), and
most of the participants gain back at least half of this lost weight over 18-30 months.12 In
contrast, surgical weight loss also known as bariatric surgery results in 18%-25% weight
loss after 5 years, with a regain of 3%-15% in this same period of time.13. 14

Bariatric surgery also has promise as an effective treatment for cardiovascular risk factors.1>
Systematic reviews and meta-analyses have reported 1-year hypertension remission rates
ranging from 43% to 83%,1°-19 and that hypertension remission may depend on the type

of bariatric operation.1® Roux-en-Y Gastric Bypass (RYGB) in randomized trials had higher
rates of hypertension remission within 5 years compared to vertical sleeve gastrectomy
(VSG), whereas observational study results found no differences between operations.16 Few
studies have been published on hypertension relapse rates following bariatric surgery. Those
that have been done suggest that most patients who experience remission will relapse within
5-10 years and resume antihypertensive medication.20

The published literature for the impact of bariatric surgery on hypertension has several
limitations: (1) a paucity of long-term outcomes, (2) examination of the rates of relapse as
well as remission to understand the durable effect of surgery on hypertension in real-world
clinical practices, (3) inclusion of populations that could benefit most from this treatment
such as non-Hispanic Black patients, and (4) comparative studies reflecting current bariatric
practice which includes over 60% VSG operations in the U.S.21 Additionally, many studies
do not incorporate information about how surgeons and patients make decisions regarding
which operation to have, which can bias the comparative findings.22 To address these
limitations, we compared the effectiveness of VSG and RYGB for hypertension remission
and relapse up to 5 years following surgery in the Effectiveness of Gastric Bypass vs.
Gastric Sleeve for Cardiovascular Disease (ENGAGE CVD) study cohort. The ENGAGE
CVD study was designed to use rigorous comparative effectiveness methods and an
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extensive process for stakeholder engagement to understand the factors that led to decisions
between RYGB and VSG so that the analyses could account for these differences.23

Anonymized data that support the findings of this study may be made available in the
following conditions: (1) agreement to collaborate with the study team on all publications,
(2) provision of external funding for the collaboration, (3) demonstration that the external
investigative team is qualified and has documented evidence of training for human subjects
protections, and (4) agreement to abide by the terms outlined in all data use agreements.
This study was approved by the healthcare system institutional review board with a waiver
of informed consent.

Identification of the Study Population

The ENGAGE CVD study design and methods have been previously described in detail.23
Briefly, we used health plan data to identify adult members of a large integrated healthcare
system with ~4.7 million members in the Southern California region of the U.S., who
underwent VSG or RYGB between 2009 and 2016 (N=22,095). Eligibility for weight loss
surgery within the healthcare system is based upon national recommendations and includes
having a BMI 240 kg/m? or a BMI of 35-39 kg/m?2 with at least one major obesity-related
comorbid condition such as type 2 diabetes (T2DM), sleep apnea or heart disease.?4 Only
adults =18 years have coverage for bariatric surgery within the healthcare system. During the
study period, bariatric operations were performed by 23 surgeons across 9 surgical practices,
some internal to the organization (n = 4) and others not (n = 5). Long-term care was solely
the responsibility of the healthcare system while patients were members of the health plan.

Figure 1 shows the derivation of the analytic sample. Beginning with the larger cohort
(N=22,095), we restricted our analysis to patients with hypertension at surgery and to
operations performed after 2010 when all surgeons were approved to perform VSG (a
necessary condition of the Instrumental Variable [IV] analysis). From these 6,836 patients,
we excluded patients who were missing data on surgeon and zip code-specific caseload

in the previous year (n=38; a necessary condition of the IV analysis) and had <1 year of
follow-up (n=401).

For the 1V analyses we also excluded: (1) patients for whom their surgeon did not have

at least 30 cases and/or the surgeon’s own practice 3-digit zip code did not have at least
100 cases in the year before the surgery (n=179), (2) patients whose surgeons’ caseload

for RYGB in the last year was in the bottom or top 10t percentile of the distribution

of surgeons’ use of this operation (n=1,244), and (3) patients with the same 1VV-based
propensity score to receive RYGB but who did not have a match receiving VSG (n=10).
The rationale for these 1\V-based exclusions is provided in the Online Supplement. The final
analytic sample included 4,964 patients (n=3,186 VSG and n=1,778 RYGB).

Patient Demographic and Clinical Characteristics

Data for the study were obtained from patient electronic medical records and billing
claims for outside services. Baseline information was extracted in the 12 to 24 months
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before the date of surgery and included: (1) patient demographics (self-reported date of
birth, gender, race/ethnicity, zip code of primary residence), (2) smoking status (never,
current, former), (3) vital signs from outpatient visits (height, weight, BP), (4) prescription
medications (antihypertensive medications, insulin, oral hypoglycemic agents, statins), (5)
aspirin and nonsteroidal anti-inflammatory (NSAID) use, (6) comorbid conditions (T2DM,
gastroesophageal reflux disease [GERD], gastritis duodenitis, dyspepsia, hiatal hernia, sleep
apnea, chronic kidney disease [CKD], mental illness), (7) healthcare utilization (outpatient
and emergency department visits, hospitalizations), and (8) bariatric operation type, location,
and surgeon. The Elixhauser Comorbidity Index2 was calculated using diagnoses codes.

Outcome Measures

Hypertension was defined as:26 27 (1) the two most recent and consecutive BP
measurements on separate days, at least 1 week apart, in an outpatient/non-urgent care or
non-surgical setting prior to surgery were elevated (systolic BP =140 mm Hg or diastolic BP
=90 mm Hg) or (2) antihypertensive medication use at the time of surgery plus 1 outpatient
encounter with hypertension diagnosed (/nternational Classification of Diseases, Ninth
Edition or Tenth Edition diagnostic codes: ICD-9: 401.x — 405.x or ICD-10: 110-115) within
1 year of the medication dispense. A patient was considered on antihypertensive medication
at the time of surgery if the medication sold date + (days supply x 1.25) included the surgery
date. This formula allowed for patients who did not take their medications as instructed.28
We used the BP criteria of 140/90 mm Hg to reflect the clinical practice guidelines in the
target healthcare system. Furthermore, the study period was primarily before the American
College of Cardiology/American Heart Association (ACC/AHA) hypertension guideline in
20174 that lowered the threshold to 130/80 mm Hg.

Hypertension remission and relapse were assessed in each year of follow-up beginning 30
days after surgery and up to 5 years post-surgery until December 31, 2018. Remission and
relapse criteria were created from previous research in this area?’ as well as guidelines

for outcomes research in bariatric surgery created by the American Society for Metabolic
and Bariatric Surgery.26 Remission of hypertension was defined as meeting af/ three of

the following criteria: (1) two systolic BPs <140 mm Hg at least 1 week apart in an
outpatient/non-urgent care setting, (2) two diastolic BPs <90 mm Hg at least 1 week apart in
an outpatient /non-urgent care setting, and (3) no evidence of antihypertensive medications
that overlapped the dates of these BP measures. The date of remission was defined as

the date when the patient met the second BP criteria. Relapse was defined as follows for
those patients who experienced remission: (1) any dispense for antihypertensive medication
regardless of BP measures, or(2) 2 elevated BP measurements (systolic BP 2140 mm Hg
and/or diastolic BP =90 mm Hg) at least 1 week apart in an outpatient/non-urgent care
setting. We also examined mean systolic and diastolic BP at the time of surgery and in

each year of follow-up as well as weight loss (Ibs) and percent total weight loss (%TWL)
calculated as ((weight at surgery — weight at follow-up)/weight at surgery)*100 in each year
of follow-up.
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Statistical Analysis

We used a local Instrumental Variable (L1V) approach to balance measured and unmeasured
confounders and covariates across VSG and RYGB operations.29-34 To choose the
confounders and covariates we used previous literature in this areal3: 35-40 as well as
extensive collaboration with an advisory board of bariatric surgeons.23 Details about the
LIV methods are provided in the Online Supplement. A brief overview of the methods

is described below. The confounders and covariates chosen as a result of this process are
shown in Table 1.

Instrumental variable selection and testing—IV methods are designed to mimic

the conditions of random assignment of treatments occurring in real-world clinical care
settings. An IV must be correlated with the exposure (bariatric surgery) but not associated
with the outcome (hypertension remission/relapse) except through its correlation with the
exposure. The 1V chosen for the current study was the rate of RYGB per surgeon during

the 12 months prior to a patient’s bariatric operation calculated as (# RYGB per surgeon/#
RYGB and VSG operations per surgeon = RYGBrate). Validation of the 1V was done by
comparing imbalances in patient-level confounders and covariates between operations across
the median of the IV. A valid IV would reduce any imbalances. Based upon the validation
findings, we restricted our analytical sample to patients treated by surgeons in the central
80 percentile of the distribution (Figure 1 and Table 1) due to observed covariate imbalance
across most levels of the 1V.41-43 The Online Supplement provides detailed analyses that
support this choice.

Local instrumental variable approach—The LIV approach was carried out in two
steps. In the first step, the choice of RYGB versus VSG was modelled as a function of

the RYGBrate 1V, after controlling for the following potential confounders: all baseline
covariates (Table 1), 3-digit zip-code, year of surgery, and the denominator of the RY GBrate
using a probit regression model. A propensity for RYGB was estimated from this first-step
regression.

In the second step, we modeled the outcome as a three-level ordinal variable (original
hypertension status [remaining hypertensive throughout the follow-up period], remission,

or relapse) with two separate logit models using generalized estimating equations with a
logit link function and exchangeable correlation structure.*4: 45 The first model represented
the log-odds of remaining hypertensive or experiencing remission versus experiencing
relapse. The second logit model represented the log-odds of remaining hypertensive versus
experiencing relapse or remission. In addition to the confounders from the first step, clinical
factors (see Table 1) could interact with the propensity of RYGB selection from the first
step and were tested for an appropriate polynomial of the propensity score itself. The partial
derivative of the predicted probability of remaining hypertensive, remitting, or relapsing
with respect to the propensity score was used as an estimator of the marginal treatment
effects.32

Heterogeneity of treatment effects (HTE)—These effects were then aggregated to
form the population average and subgroup-specific average treatment effects that were used
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for the heterogeneity of treatment (HTE) analyses.30: 46-48 Syb-groups tested for these
effects included age (< 65 years and > 65 years), BMI (< 50 kg/m? and = 50 kg/m?),

and race/ethnicity (non-Hispanic Black, non-Hispanic White, Hispanic). All standard errors
were calculated using non-parametric bootstrapping and allowed for clustering of individual
outcomes over time.

Sensitivity analyses—To compare our findings to other literature in this area, we
performed three sensitivity analyses: (1) a standard multivariate regression analysis, (2)

a standard inverse-probability weighted propensity score analysis, and (3) a standard 1V
analysis using a two-stage residual inclusion approach.#9: %0 All analyses were performed in
Stata (StataCorp), version 15.1.

Study Population

Table 1 presents the results for the comparison of patients who had RYGB (n=3,186) and
VSG (n=1,778) without IV adjustment. Compared to patients who had a VSG operation,
patients who had RYGB were more likely to be Hispanic, have a higher comorbidity burden,
have GERD, T2DM, and CKD, and to use aspirin before surgery. Compared to patients who
had RYGB, patients who had a VSG operation were more likely to be women, non-Hispanic
Black, have higher mean systolic and mean diastolic BP, have gastritis or duodenitis, and to
use NSAIDs before surgery.

The IV (RYGBrate) was significantly predictive of having a RYGB operation (F-statistic:
272, p<0.001) indicating this was a valid proxy for the assignment of patients to bariatric
operation. When confounders and covariates were stratified by the IV median, the balance
improved for most covariates (Table 1) with the exception of mean diastolic BP (p=.003),
rates of gastritis or duodenitis (p=.001), and aspirin use (p<.001). These variables were
included in all outcome analyses to account for these differences.

Hypertension Remission and Relapse

Five-year retention rates overall were 77.8% (76.4% RYGB and 78.7% VSG). Most patients
were lost to follow-up because of loss of membership in the health plan (86.4%) with

12.0% loss due to death. Only 1.6% were missing data in the follow-up period. There

were no differences between bariatric operations in loss to followup (Figure S7, Online
Supplement). Figure 2 shows the hypertension status in each year of follow-up by operation.
There were no statistically significant differences between patients having VSG or RYGB

in the likelihood of hypertension remission or relapse throughout the 5-year period. At 12
months, 27% of RYGB and 28% of VSG patients achieved remission with an additional
1%-2% of patients achieving hypertension remission each year. Without accounting for
relapse, 42% of patients having RYGB and 43% having VVSG had experienced hypertension
remission at some point within 5 years after surgery. After accounting for relapse, only

17% of patients having RYGB and 18% having VSG remained in remission 5 years after
surgery. Antihypertensive medication was restarted in 64.5% of patients who experienced
hypertension remission.
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Findings for the sensitivity analyses using different statistical methods to address
comparative effectiveness are shown in Figure S8 in the Online Supplement. Findings were
similar to the main results using L1V methods; there were no differences between RYGB
and VSG on hypertension remission and relapse.

Blood Pressure and Weight Loss Over Time

Figure 3 shows mean systolic and diastolic BP in each year of follow-up by operation.
Although mean BP appeared higher in each year of follow-up for patients having VSG
when compared to those having RYGB, these differences were not statistically significant.
The descriptive patterns for weight loss are shown in Figures S13-S15 and Tables S5-S7
in the Online Supplement. In general, % TWL was highest at 12 months following surgery
(28.0% TWL for RYGB and 23.3% TWL for VSG) and patients gradually regained some
weight throughout the follow-up period resulting in 21.7% TWL (95% CI: 22.4%, 21.0%)
for patients having RYGB and 16.6% (17.1%,16.0%) having VSG at the end of 5 years.

Heterogeneity of Treatment Effects

There were no statistical differences between VSG and RYGB for hypertension remission
and relapse across subgroups of age, BMI at time of surgery, and race/ethnicity (Figure

S9, Online Supplement). The findings for BP were also consistent across subgroups of age,
BMI, and race/ethnicity (Figure S10, Online Supplement).

DISCUSSION

In one of the largest contemporary samples in the literature of bariatric patients undergoing
VSG, we found a similar rate of hypertension remission for VSG (43%) compared to
RYGB (42%) and similar BP measurements after 5 years of follow-up. We also found that
the majority (58%—60%) of patients who achieved hypertension remission, regardless of
bariatric operation, experienced relapse of their hypertension by 5 years, such that only 17%
of patients having RYGB and 18% of those having VSG remained in remission long-term.

While there is strong evidence that bariatric surgery is the most effective treatment for
severe obesity and metabolic disorders such as T2DM,% there is limited evidence on
bariatric surgery for the management hypertension. As such, current hypertension guidelines
recommend considering bariatric surgical procedures only in those who cannot meet

weight loss goals with nonpharmacological interventions.* Recent clinical trials, which
were primarily designed to evaluate the effects of bariatric surgery on T2DM,%2-54 have
assessed BP following bariatric surgery. For example the GATEWAY (Gastric Bypass to
Treat Obese Patients With Steady Hypertension) trial found that °° after three years, 73%

of RYGB patients (n=50) achieved the primary endpoint of a greater than 30% reduction

in the number of antihypertensive medications with BP <140/90 mm Hg compared with
11% of patients who received medical therapy (n=50). Further, 35% of RYGB patients
achieved hypertension remission without the need for continued antihypertensive medication
compared with only 2% of patients who received medical therapy. However, there was no
difference between the groups in maintaining BP below 140/90 mm Hg.
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Few studies have compared VSG and RYGB on hypertension remission and relapse.

A recent meta-analysis of 32 studies comparing 5-year VSG and RYGB hypertension
remission rates found that 52% of VSG and 62% of RYGB patients experienced
hypertension remission; a 26% higher rate of remission for RYGB compared to VSG.16
Similar to our study findings, when restricted to observational studies (n=2) comparing
5-year hypertension remission and BP changes between VVSG and RYGB, there were

no differences between operations. In a recent retrospective observational analysis of

U.S. claims data for RYGB and VSG operations, where only medication discontinuation
and restart were used to define hypertension remission and relapse, there also were no
differences between operations at 4 years following surgery.56 This study found higher rates
of durable remission than our study, however, this difference could be due to the fact that
they did not use BP values in the determination of remission and relapse. In our study, over
35% of patients experienced relapse due to BP values alone (no medication restart). Finally,
our findings are supported by the Swedish Obese Subject (SOS) study.2% Although there
were no VVSG operations, most of the patients in the SOS study restarted antihypertension
medications 10 years following surgery.20

Our study had several limitations, most notably that it was a retrospective observational
design with non-random assignment to operation; however, we used the LIV approach

to address this. To mitigate confounding and account for (1) decisions surgeons made
when using certain operations for particular patients, as well as (2) patients’ decisions, we
worked closely with our advisory board of bariatric surgeons and our patient and provider
co-investigators to identify factors critical to why patients would choose/undergo VVSG or
RYGB.23 Although the rigorous LIV approach was designed to mimic the effect of random
assignment in randomized trials, it also resulted in a loss of 1,244 patients who were
different than those upon which the findings were based (Table S2, Online Supplement),
potentially limiting the generalizability of the LIV results. To address this concern, we
conducted a traditional propensity score analysis including these 1,244 patients and findings
were similar (Figure S11, Online Supplement).

Another limitation of our study was that we used older guidelines to define hypertension and
its remission and relapse since this reflected clinical practice at the time of the study (2009 —
2016). If we had used the newer guidelines (BP threshold of 130/80 mm Hg) for all patients,
it is likely we would have found lower rates of remission after bariatric surgery. In addition,
although patterns of weight loss (Figures S13-S15, Online Supplement) generally followed
the changes in hypertension remission and relapse over time (Figure 2), we did not formally
test if weight loss mediated these changes in hypertension. We also did not test whether
changes in comorbidities such as sleep apnea were responsible for hypertension remission
and relapse. These mediational analyses require different statistical models®”: 58 than those
used in the present study for comparative effectiveness and future research should explore
the mechanisms responsible for changes in hypertension remission and relapse following
bariatric surgery.

Despite these limitations, our study has notable strengths. To our knowledge, the ENGAGE
CVD study is one of the largest and most diverse (over 50% of the cohort is hon-Hispanic
Black and Hispanic) observational cohort studies in a real-world clinical setting on the
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comparative effectiveness of VSG and RYGB for hypertension remission and relapse with
5 years of follow-up. We used rigorous IV methods to overcome selection bias in choice
of surgical operation to mitigate the effect of both observed and unobserved confounding
on our results. Our findings were consistent in sensitivity analyses using different analytic
methods and were supported by the limited observational studies in this area.16: 56. 59

PERSPECTIVES

Our study demonstrated no difference between VSG and RYGB for hypertension remission
and relapse. Both operations resulted in substantial proportions of patients achieving
hypertension remission; however, most patients experienced a relapse of their hypertension
in the 5-year follow-up period. The return of patients to normotensive status would have
substantial impact on mortality from CVD,%0 however, based upon our findings and those of
others,20: 56 bariatric surgery alone does not guarantee a patient will achieve and maintain
remission of hypertension.

Bariatric surgery is a highly effective treatment for severe obesity and cardiovascular
conditions. Much like other surgical treatments for cardiovascular conditions, such as
coronary artery disease, the surgery itself is only a tool to assist with the large, sustained
weight loss and reset of the metabolic system that is necessary to resolve hypertension.
Lifestyle changes such as diet and exercise, similar to that needed after coronary bypass,
are necessary to maintain the changes from bariatric surgery. Based on our findings and
the recent findings from the GATEWAY trial®®, demonstrating that bariatric surgery is an
effective strategy for reducing the number of antihypertensive while maintaining BP control,
we would not recommend restarting or maintenance of hypertensive medications following
surgery, but a systematic monitoring of patient vitals and lifetime counseling for how to
maintain the changes seen with surgery.

Future clinical trials and observational comparative effectiveness studies are warranted to
understand why patients experience hypertension relapse after bariatric surgery. Such studies
could explore the relationship between BP, weight change, comorbidity resolution, and other
patient-level characteristics and hypertension remission and relapse. The use of different BP
cut points should be examined as well to provide evidence for surgical effectiveness with

the newest hypertension treatment and control guidelines.* Cost-effectiveness and long-term
studies that compare RYGB and SG to conventional medical treatment for hypertension
remission and relapse, as well as patient-centered outcomes such as quality of life are also
warranted. Finally, studies that identify interventions to help patients achieve and maintain
hypertension remission after bariatric surgery are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE
What is New?

Long-term hypertension remission and relapse rates for the two most common bariatric
operations in the world.

What is Relevant?

Long-term hypertension remission rates after bariatric surgery do not differ by bariatric
operation and may be much lower than previously reported because 58%-60% relapse
after remission.

Summary

Future studies are warranted to understand why patients experience hypertension relapse
after bariatric surgery, such as the relationship between BP and weight regain, and to
identify interventions to help patients achieve and maintain hypertension remission after
bariatric surgery.
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(N=22095)
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A 4

Did not have hypertension at surgery (n=13281)
Surgery year prior to 2011 (n=1978)

Patients with Hypertension and VSG
or RYGB between 2011 - 2016

(n=6836)
Less than 12 months enrollment before surgery (n=401)
Missing surgeon and zip code specific caseload in
previous year (n=38)
A 4
Enrolled at least 12 months before
surgery
(n=6397)
Surgeons <30 cases/year or < 100 cases for zip code/year
(n=179)
Surgeons whose RYGB caseload was not in the 80™% of the
distribution of surgeons’ use of this procedure (n=1244)
No overlap of IV propensity scores across surgeries (n=10)
A 4

Analytic Sample
(n=4964)
VSG n=3186; RYGB n=1778

Figure 1.

Flow diagram for selection of patients with hypertension in the ENGAGE CVD cohort

study.
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Figure 2.

Hypertension status (original hypertension state [remained hypertensive], remission, relapse)
for patients after having Sleeve Gastrectomy (VSG) or Roux-en-Y Gastric Bypass (RYGB).
Data are presented at baseline and in each year of follow-up for: (a) absolute rates and

(b) difference in absolute rates between VSG and RYGB after adjustment using a local
instrumental variable (LIV) approach.
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Figure 3.

Mean systolic and diastolic blood pressure (BP) after adjustment using a local instrumental
variable (LIV) approach. Data are presented at baseline and in each year of follow-up

for: (a) absolute mean BP for Sleeve Gastrectomy (VSG) and Roux-en-Y Gastric Bypass
(RYGB) and (b) difference in mean BP between RYGB and VSG.
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