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Background—Limited evidence suggests bariatric surgery may not reduce opioid analgesic use,
despite improvements in pain.

Objective—To determine if use of prescribed opioid analgesics changes in the short- and long-
term following bariatric surgery and to identify factors associated with continued and post-surgery
initiated use.

Setting—Ten US hospitals.

Methods—The Longitudinal Assessment of Bariatric Surgery-2 is an observational cohort study.
Assessments were conducted pre-surgery, 6 months post-surgery and annually post-surgery for up
to 7 years until January 2015. Opioid use was defined as self-reported daily, weekly or “as
needed” use of a prescribed medication classified as an opioid analgesic.

Results—Of 2258 participants with baseline data, 2218 completed follow-up assessment(s)
(78.7% were female, median body mass index 46; 70.6% underwent Roux-en-Y gastric bypass).
Prevalence of opioid use decreased following surgery from 14.7% (95% Cl, 13.3-16.2) at baseline
to 12.9% (95% Cl, 11.5-14.4) at month-6, but then increased to higher than baseline levels as time
progressed to 20.3% (95% Cl, 18.2-22.5) at year-7. Among participants without baseline opioid
use (N=1892), opioid use prevalence increased from 5.8% (95% Cl, 4.7-6.9) at month-6 to 14.2%
(95%Cl, 12.2-16.3) at year-7. Public versus private health insurance, more pain pre-surgery,
undergoing subsequent surgeries, worsening/less improvement in pain, and starting or continuing
non-opioid analgesics post-surgery were significantly associated with higher risk of post-surgery
initiated opioid use.

Conclusion—Following bariatric surgery, prevalence of prescribed opioid analgesic use initially
decreased, but then increased, surpassing baseline prevalence, suggesting the need for alternative
methods of pain management in this population.

Introduction

In the last three decades, efforts to improve patient care(1;2) have led to a significant
increase in prescriptions for opioid analgesics to manage acute severe and chronic pain(3;4).
An epidemic of opioid abuse, addiction and overdose has been an unforeseen
consequence(5). Given recent reports suggesting several surgical procedures are associated
with an increased risk of chronic opioid use(6), coupled with evidence that bariatric surgery
patients are overrepresented in substance use treatment facilities and that Roux-en-Y Gastric
Bypass (RYGB) increases the risk of alcohol use disorder(7), there is growing concern over
opioid analgesic use among bariatric surgery patients.

Severe obesity increases risk of pain via mechanical factors, chemical mediators, depression
and lifestyle(8). Bariatric surgery is an effective treatment for severe obesity, resulting in
long-term weight loss and improvement in many comorbidities(9;10), including
musculoskeletal and nonspecific pain and headaches(11-14). However, these improvements
may not be followed by a reduction in use of opioid analgesics(15;16) for a number of
reasons. First, due to an increased risk of marginal ulcers, non-steroidal anti-inflammatory
drugs (NSAIDs) are contraindicated following bariatric surgery(17), leaving fewer non-
opioid analgesic options. Second, administering systemic opioid therapy for short-term
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postoperative pain may increase risk for chronic opioid use(6;18;19). Third, RYGB
accelerates the rate of morphine solution absorption(20), and, in animal models, has been
shown to increase motivation for taking morphine(21). Collectively, these data suggest that
the risk for opioid use and dependence may increase following at least some bariatric
surgical procedures.

Utilizing a large multisite cohort study with 7 year follow-up, this study evaluated short- and
long-term changes in use of prescribed opioid analgesics, and identified factors associated
with continuation and post-surgery initiation of such use.

PARTICIPANTS

The Longitudinal Assessment of Bariatric Surgery-2 study is an observational study of 2458
adults who underwent an initial bariatric surgical procedure as part of clinical care between
March 14, 2006 and April 24, 2009 at one of 10 hospitals at 6 clinical centers in the United
States(22;23). The institutional review boards at each center approved the protocol and all
participants gave written informed consent to participate in the study. The study is registered
at: https://www.clinicaltrials.gov/ct2/show/NCT00465829.

Baseline assessments were conducted by research staff independent of clinical care
following clearance for surgery and within 30 days prior to scheduled surgery date. Follow-
up assessments were conducted at six months and annually following surgery, within 6
months of the surgery anniversary date, for seven years or until January 31, 2015.
Participants who completed the baseline and at least one follow-up medication assessment
were included in this report (N=2218; Figure 1).

COLLECTION OF DATA

Prescription analgesic medication use—Participants were asked to bring their
prescription medication bottles from the past 90 days to research assessments, during which
they completed the LABS-2 Medication Form (23). The form instructed participants to,
“print the name (as listed on your medication bottle) of each prescription medication that
you have taken in the past 90 days.” Participants were then asked if they took each
medication daily (1 or more times/day), weekly (1-6 times/weekly), monthly/rarely (0-3
times/month), or as needed, or if they were no longer taking. Indication and dose were not
assessed. Participants who forgot their medication bottles or could not attend an in-person
assessment were able to complete the form at home and return it by mail.

Therapeutic and pharmacological classes of medications were used to determine use of
opioid analgesic medications [opioid agonist alone or in combination with acetaminophen, a
barbiturate, a NSAID, or a salicylate/aspirin; or opioid agonist/antagonist with
acetaminophen], and non-opioid analgesic medications most commonly used for pain
[acetaminophen alone or in combination with anything except an opioid agonist; aspirin or
other salicylate in combination with anything except an opioid agonist; skeletal muscle
relaxant; cyclooxygenase-2 selective or nonselective NSAID]. Medications typically
prescribed for opioid dependency were identified by therapeutic and pharmacological class
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[buprenorphine hydrochloride, Subutex®, buprenorphine/naloxone, Suboxone®] or
medication name [methadone hydrocholoride, Dolophine®, Methadone HCL Intensol®, and
Methadose®] and considered separately. Drug names were also used to exclude some
medications from the non-opioid analgesic medication category, despite a qualifying
therapeutic/pharmacological class, due to their likely use for indications other than typical
forms of pain (i.e., aspirin alone for prophylaxis against a cardiac event, clonidine for
hypertension or attention deficit hyperactivity disorder, and phenazopyridine for a urinary
tract infection).

The primary outcome was regular (defined as daily, weekly or as needed) use of a prescribed
opioid analgesic (referred to as “opioid use” throughout). Secondary outcomes were regular
use of any prescribed analgesic (opioid or non-opioid), a prescribed non-opioid analgesic,
and a prescribed NSAID. Daily use of opioid dependency medications was an exploratory
outcome. When participants reported more than one medication within a category, the more
frequent use was selected.

Covariates—Daily use of a prescribed anti-depressant medication and current use of a
prescribed benzodiazepine medication were also determined by therapeutic and
pharmacological classes of medications reported on the LABS-2 Medication Form.
Anthropometric measurements followed standardized protocols. Sociodemographics,
psychiatric hospitalizations, binge eating, loss of control eating, substance use (smoking,
alcohol intake, symptoms of alcohol use disorder and illicit drug use), back, hip, knee and
ankle surgeries, and subsequent bariatric procedures (i.e. revisions, reversals, new
procedures) were determined with study-specific forms (23;24;25). The Medical Outcomes
Study 36-Item Short-Form Health Survey (SF-36) assessed physical and mental health(26),
with scores transformed to a mean of 50 and standard deviation of 10 in the general U.S.
population(27); a lower score indicates worse function. The Western Ontario and McMaster
Universities Osteoarthritis index (WOMAC) assessed hip and knee pain and function level
during various activities(28), with scores transformed to a 0-100 scale; a higher score
indicates more pain. The 12-item Interpersonal Support Evaluation List (ISEL-12) measured
perceived social support. A lower score (range 0-12) indicates less support availability(29).
The Beck Depression Inventory, version 1 (BDI), assessed depressive symptoms in the past
week. A higher score (range 0-63) indicates greater symptomatology(30).

Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA). All
reported P-values are two-sided; P-values less than 0.05 were considered to be statistically
significant. The Pearson chi square test for categorical and the Wilcoxon rank sum test for
continuous variables were used to compare characteristics of LABS-2 participants included
versus excluded from analysis (eTable 1 [Supplement]). Descriptive statistics summarize
baseline characteristics of the analysis sample overall and by surgical procedure.

Longitudinal analyses were performed with mixed models with random intercept assuming
the compound symmetry covariance matrix, with control for baseline age, smoking status
and site, which were associated with missing follow-up data(31). Sensitivity analyses were
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performed to examine the robustness of results with respect to the missing at random
assumption. Among those missing versus not missing the medication assessment at a
particular time point, the prevalence of opioid use at other time points was similar,
suggesting that missing data did not induce bias (eAppendix 1 [Supplement]). Sensitivity
analyses were also performed to examine the potential impact of secular trends. Year of data
collection was not significantly related to opioid use, and adjustment for year of data
collection had negligible impact on parameter estimates (prevalence or relative risks).

Poisson mixed models with robust error variance were used to estimate and test for change
in the prevalence of outcomes over time. In addition to testing for a quadratic or linear trend
over time (baseline to year-7), pair-wise comparisons were made between baseline and 6
months and baseline and year-7, to examine short- and long-term changes, respectively,
using the t statistic with P-values adjusted to control for overall type | error(32). Likewise,
the prevalence of continued opioid use (i.e., post-surgery use among those with pre-surgery
use) and post-surgery initiated opioid use (i.e., post-surgery use among those without pre-
surgery use) was modeled, and linear and quadratic trends from 6 months to year-7 were
tested. If change in the prevalence of outcomes over time differed by surgical procedure
(tested for each outcome with a time*procedure interaction term), only analyses stratified by
surgical procedure are reported.

Poisson mixed models with robust error variance were also used to identify factors related to
continued opioid use and post-surgery initiated opioid use, respectively. Two sets of models
were constructed for each outcome. The first set considered baseline factors and surgical
procedure/approach only. The second set also considered post-surgery status. Independent
variables were selected and either forced or considered based on the
literature(3;6;7;18;19;33-34) as detailed in eAppendix 2 [supplement]. Due to the large
number of variables under consideration, first a univariable model with each factor was
tested. Next, factors with £<0.20 were entered into a multivariable model with the forced
variables. Variables that were not forced or significant in the multivariable model were
removed by using backward elimination.

Sensitivity analysis of frequency threshold

Results

Because there is not an established frequency threshold for clinically relevant opioid
analgesic use (i.e., that is associated with opioid abuse or dependence), analyses of opioid
use were repeated applying a daily use threshold requirement. A frequency recorded as
“weekly (1-6 times/weekly)” for fentanyl was considered “daily” because one patch
provides 72 hours of pain relief. In addition to the variables already described (eAppendix
2;supplement), baseline weekly or as needed opioid use was considered as a risk factor for
post-surgery initiated daily opioid use(8).

Of 2258 participants with baseline medication data, 2218 (98.0%) completed the medication
assessment at least once during follow-up and are included in the analysis sample. Follow-
up rates are 90.2% (2037/2258), 83.2% (1874/2253), 73.9% (1661/2247), 71.0%
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(1590/2240), 72.0% (1609/2235), 74.6% (1659/2224), 85.4% (1885/2206), and 73.0%
(1141/1563) at month 6 and year 1, 2, 3, 4, 5 and 7, respectively (eFigure 1 [Supplement]).

Baseline characteristics are presented in Table 1. The majority of participants (79%) were
female. Median age was 46 (range 18-78) years; median BMI was 46 (range 34-94) kg/m?.
RYGB was the most common surgical procedure (70.6%), most (88.9%) of which were
performed laparoscopically. One quarter (24.9%) of participants underwent laproscopic
adjustable gastric banding (LAGB). The “other procedure” group (4.3%) consisted of 51
sleeve gastrectomy, 30 banded RYGB and 17 biliopancreatic diversion with duodenal
switch. In the seven years following their initial bariatric procedure, 7.9% (n=175) of
participants reported a subsequent bariatric procedure.

Change in analgesics

Change in the prevalence of opioid use and opioid dependency medication use over time did
not differ by surgical procedure. Thus, these outcomes are reported among all surgical
procedures (Figure 1; eTable 3 [Supplement]). There was a quadratic trend in the prevalence
of opioid use from baseline to 7 years post-surgery (A<.01); the prevalence dropped from
14.7% (95% Cl, 13.3-16.2) at baseline to 12.9% (95% Cl, 11.5-14.4) at 6 months (~=0.04),
but then increased over time and was significantly higher than baseline at year-7 (20.3%,
95% Cl, 18.2-22.5; A<.001). There was not a significant linear (£=0.33) nor quadratic
(P=0.67) trend in the prevalence of continued use (54.2%, 95% CI 48.6-59.8, at 6 months)
across follow-up. In contrast, post-surgery initiated use increased from 5.8% (95% Cl, 4.7—
6.9) at 6 months to 14.2% (95%Cl, 12.2-16.3) at year-7 (linear trend A<.001).

A table showing the observed prevalence of commonly prescribed opioid analgesics, use of
multiple prescribed opioid analgesics, and use of prescribed nonopioid analgesics, among
participants with regular opioid use, by time point, is available online (eTable 4
[Supplement]). Hydrocodone was the most commonly reported prescribed opioid analgesic
at all time points (40%), followed by tramadol and oxycodone (both = 20%). At any given
time point, more than 10% reported multiple opioid analgesics and more than 60% reported
prescribed non-opioid analgesics.

Although fewer than 2% of participants reported use of medications typically prescribed for
opioid dependence at all time points, there was a significant linear trend across time (~=.01)
indicating the prevalence increased from baseline (0.8%, 95% Cl, 0.4-1.2) to year-7 (1.4%,
95% ClI, 0.8-2.0) (eTable 3 [Supplement]).

Change in secondary outcomes over time differed by surgical procedure. Thus, these
outcomes are reported by surgical procedure only (Figure 2; eTable 6 [Supplement]). Among
participants who underwent RYGB (Figure 2A), the prevalence of non-opioid analgesic use
increased over time (A£<.001), first decreasing from baseline (22.3%, 95% ClI, 20.3-24.3) to
6 months (13.5%, 95% ClI, 11.8-15.2; £<.001), and then increasing over time to higher than
baseline (25.8%, 95% CI, 23.0-28.6, at year-7; P=.048). The prevalence of any analgesic use
followed the same pattern. The prevalence of NSAID use followed a quadratic trend (/<.
001), decreasing from baseline (13.0%, 95% Cl, 11.4-14.7) to 6 months (4.8%, 95% ClI,
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3.8-5.9; £<.001) and then increasing over time but remaining lower than baseline through
year-7 (9.6%, 95% Cl, 7.6-11.5; A<.001).

As shown in Figure 2B, among participants who underwent LAGB there was not a
significant trend across time (linear trend ~£=0.06), nor short- or long-term differences
(P=0.50 and P=0.83, respectively) in the prevalence of non-opioid analgesic use (18.6%,
95% ClI, 15.4-21.8, at baseline). Although there was a significant linear trend in the
prevalence of any analgesic use indicating an increase over time (/A<.01), the prevalence did
not significantly differ between baseline (23.1%, 95% Cl, 19.7-26.6) and 6 months (21.4%,
95% ClI, 17.9-24.5; P=0.45) or year-7 (25.7%, 95% ClI, 21.2-30.1; £=0.50). The prevalence
of NSAID use followed a quadratic trend over time (P=.01) indicating an initial drop in
prevalence followed by an increase. However, the prevalence at 6 months (9.6%, 95% ClI,
7.1-12.1; P=0.23) and year-7 (12.0%, 95% CI, 8.6-15.5; £=0.99) did not significantly differ
from baseline (11.8%, 95% Cl, 9.1-14.4).

Factors related to continuation and post-surgery initiation of opioid analgesic use

With control for baseline factors, surgical procedure was not significantly related to post-
surgery continued or initiated opioid use, respectively (eTable 7 [Supplement]). In models
considering pre- and post-surgery status, more pain at baseline, worsening or less of an
improvement in pain following surgery, and starting or continued non-opioid analgesic use
(versus no use or stopping use) were independently associated with higher risk of both
continued and post-surgery initiated opioid use. Continued use of benzodiazepine (versus no
use or stopping use) was also associated with higher risk of continued opioid use. Public
versus private insurance, back, hip, knee or ankle surgery, a subsequent bariatric procedure
and more improvement in mental health following surgery were also significantly associated
with higher risk of post-surgery initiated use (Table 2).

When NSAID use replaced non-opioid analgesic use in the multivariable models,
associations with post-surgery initiated opioid use were similar, although less pronounced
(i.e., compared to no use of NSAIDs, ARR=1.63, 95%Cl, 1.29-2.06, for starting NSAIDs,
and ARR=1.51, 95%Cl, 1.04-2.19, for continuing NSAIDs; A<.001). In contrast, continued
use of NSAIDs was not significantly associated with continued opioid use (P=0.69; Table 2).
None of the other factors evaluated in the models considering pre- and post-surgery status,
including percent weight change, were significantly related to post-surgery continued or
initiated opioid use (Table 2).

Sensitivity analysis of frequency threshold

Findings with respect to change in the prevalence of opioid use over time were similar as
reported above when daily opioid use was examined (eTable 3 [Supplement]). There was a
linear trend from baseline to 7 years post-surgery (P=.01). Prevalence initially dropped
following surgery from 8.2% (95%Cl, 7.0-9.3) at baseline to 6.4% (95%Cl, 5.4-7.4) at 6
months (A<.01), but then increased to higher than baseline levels as time progressed (11.4%,
95%Cl, 9.7-13.1, at year-7; £<.001). Most of the same factors reported above were related
to continuation and initiation of daily opioid analgesic use (eTable 8 [Supplement]).
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Additionally, weekly or as needed opioid use pre-surgery was associated with a higher risk
of post-surgery initiated daily opioid use (ARR=1.63, 95%CIl, 1.19-2.24; /<.01).

Discussion

In this large multi-site observational study of adults who underwent bariatric surgery,
following an initial decrease in the first six months post-surgery, the percentage of
participants reporting regular or daily use of prescribed opioid analgesics increased, such
that the prevalence appeared higher by the third year post-surgery versus baseline, and
continued to increase through year-7. Almost half of the patients reporting regular or daily
opioid use at baseline reported no such use at post-surgery assessments. However, among the
much larger group of opioid-naive patients (i.e., those who did not report regular or daily
opioid use at baseline), opioid use gradually increased throughout the post-surgery follow-
up. Thus, post-surgery initiation of opioid use explains this phenomenon.

Although there is a dearth of research investigating opioid use following bariatric surgery,
two reports by Raebel et al. provide comparison data through the first post-operative
year(15;16). Among 11719 adults who underwent surgery from 2005-2009, 8% had chronic
opioid use in the year prior to surgery, 77% of whom had chronic opioid use in the year
following surgery(15), whereas 4% of patients without chronic use pre-surgery developed
chronic opioid use within one year post-surgery(16). Despite differences in assessment
methods, two of our prevalence estimates are nearly identical (i.e., 8% daily use pre-surgery;
4% post-surgery initiated daily use at year-1). In contrast, our prevalence estimate of
continued daily use 1-year post-surgery (i.e., 53%) is lower.

Reports of opioid use following bariatric surgery beyond the first post-operative year are
lacking. However, the Swedish Obesity Study compared the six-year pharmaceutical cost of
prescribed analgesic medications (i.e. opioid and non-opioid) in adults who underwent
bariatric surgery versus a non-surgical control group(35). Despite a mean weight loss of
16% in the surgical group versus a mean weight gain of 1% in the control group, among
patients taking analgesic medications at baseline, there was no difference in six-year
analgesic medication cost between groups. Furthermore, among patients who were not
taking analgesic medications pre-surgery, the surgical group had significantly higher
analgesic medication costs, suggesting, like our data, that use of analgesic medication may
increase following bariatric surgery.

Although Raebel et al. reported no difference in continued chronic opioid use in the year
following surgery by pre-surgery chronic pain status(15), in the current investigation, more
pain pre-surgery, as well as less improvement or worsening of pain pre-to-post-surgery, were
associated with higher risk of both continued and post-surgery initiated opioid use. Like
previous studies in different populations(4;6;18;19), having public versus private insurance,
and having additional surgeries (i.e., back, hip, knee or ankle surgery, or a subsequent
bariatric procedure) were related to increased risk of initiating opioid use following bariatric
surgery, suggesting that surgical pain management(6;38) and new-onset pain following
surgery(39) may have contributed to the increase in opioid use.
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Contray to the proposed mechanism that opioid use increases post-surgery due to
discontinuation of NSAIDs, starting NSAID use post-surgery was associated with higher
risk of post-surgery initiated opioid use, while stopping NSAID was associated with lower
risk. Starting use of non-opioid analgesics was also associated with higher risk of both
continued and post-surgery initiated opioid use, while stopping non-opioid analgesic use
post-surgery was associated with lower risks of both. These findings likely reflect that opioid
and non-opioid analgesic medications are often used in tandem, versus as alternatives to
each other.

Most factors related to substance use disorder that were examined (i.e., sex, age, income,
social support, depressive symptoms, mental quality of life, psychiatric hospitalization,
antidepressant medication, smoking, alcohol consumption, illicit drug use and surgical
procedure(7;25)) were not related to continued or post-surgery initiated opioid use. An
exception was that continued benzodiazepine use, which may be suggestive of addictive
behavior(36) and increase risk of opioid overdose(37), was associated with an increased risk
of continued opioid use. There was also an increase over time in the use of medications
typically prescribed for opioid dependence, although use of such medications remained rare
throughout follow-up (<2%). Given our findings, as well as a report by Raebel et al., which
identified younger age and laparoscopic RYGB versus LAGB as risk factors for post-surgery
initiated chronic opioid use(16), additional work is needed to clarify the risk of opioid abuse
and dependence following bariatric surgery.

Major strengths of this study are its large, geographically diverse sample, standardized and
detailed data collection, which allowed us to evaluate many potential risk factors, long-term
follow-up and high retention(40). Analyses controlled for baseline factors related to missing
follow-up data and the sensitivity analysis indicated the missing data were not related to
opioid use, and thus should not bias the results. Additionally, the initial sample size and
retention rate ensured sufficient statistical power.

Study limitations should also be noted. First, the LABS-2 study did not have a non-surgical
control group, thus the findings cannot necessarily be attributed to the surgery itself.
Although the LABS-2 data did not provide evidence of a secular trend in opioid use across
follow-up, secular trends in pain management have been described. For instance, the number
of opioid prescriptions dispensed by US retail pharmacies increased steadily from 2006—
2011, before declining from 2011-2013(4). Additionally, a report based on the National
Ambulatory Medical Care Survey found an increase in the proportion of patients prescribed
opioids at clinic visits for musculoskeletal pain from 2000-2010(3). However, the trend was
less clear during the timeframe that overlapped with LABS-2 data collection (i.e., 16.6%,
20.2%, 18.5%, 21.2%, and 19.6% in years 2006—2010, respectively). Second, this study
relied on self-reported medication use, the accuracy of which is unmeasured in this sample.
However, self-report of prescription opioid use in a 90-day fixed-time window has had good
agreement with pharmacy records in a population-based study (K=.62; 95%CI .58-.67), and
due to medication nonadherence, may better reflect actual use than pharmacy records(41).
Furthermore, there is no reason to suspect misclassification of medication use varied by time
point, surgical procedure, or patient characteristics. Still, our methodology led to gaps in
outcome assessment, and like pharmacy records, may not have captured medications that
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were only given during inpatient care. Third, LABS-2 did not measure indication for, or
dose of, medications, so we could not identify non-opioid prescription medications used for
pain that have other common indications (e.g., anticonvulsant medications, antidepressant
medications), determine whether opioid and non-opioid analgesic medication use was for
acute or chronic pain, nor determine reduction or escalation in dosage. Finally, LABS-2 did
not assess use of all over the counter analgesics, non-prescribed opioids (e.g., heroin),
symptoms of opioid use disorder, or all covariates of interest (i.e., lifetime psychiatric and
substance use history). Despite these limitations, this study’s prospective assessment for 6—7
years distinguish it from previous studies that have relied on pharmacy records or chart
reviews for a relatively short timeframe to study use of prescribed opioid medications
following surgery(6-8;19;34;36).

Conclusion

Among a cohort of adults who underwent bariatric surgery, following an initial decrease, the
percentage of patients reporting use of prescribed opioid analgesics, at the regular or daily
threshold, increased throughout seven years of follow-up, surpassing the baseline
prevalence. This was due to an increase in post-surgery initiated use. Surgical procedure
type and amount of weight loss were not associated with risk of post-surgery continued or
initiated opioid use, whereas severity of pain was. In the context of the Center for Disease
Control and Prevention’s recent evidence-based conclusion that opioids should not be
routinely used to manage chronic pain(42), these findings highlight the need for alternative
long-term pain management approaches following bariatric surgery, which may include
nonopioid analgesic and nonpharmacological options(43;44).
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Modeled Prevalence of Prescribed Opioid Analgesic Use in Relation to Bariatric Surgery,

Overall and by Pre-surgery Use?

Overall, there was a quadratic trend in the prevalence of opioid use from baseline to 7 years
post-surgery (£<.01); prevalence initially dropped following surgery from 14.7% (95% ClI,
13.3-16.2) at baseline to 12.9% (95% ClI, 11.5-14.4) at 6 months (~=0.04), but then
increased to higher than baseline levels as time progressed (20.3%, 95% CI, 18.2-22.5, at
year-7; P<.001). Among those with regular opioid use at baseline, the prevalence of opioid
use was 54.2% (95%CI 48.6-59.8) at 6 months post-surgery; there was not a trend over time
(P=0.33). However, the prevalence of opioid use increased over follow-up (A<.001) among
those with post-surgery initiation of opioid use from 5.8% (95%Cl, 4.7-6.9) at 6 months
post-surgery to 14.2% (95% ClI, 12.2-16.3) at year -7.

@Models were adjusted for baseline factors related to missing follow-up data (i.e., site, age,
smoking status). Observed and modeled data are reported in eTables 2 and 3 [Supplement],
respectively.

bData are based on observations until January 31, 2015; data collection ended before 634
participants were eligible for a year-7 assessment.
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Figure 2.
Modeled Prevalence of Prescribed Analgesic Use in Relation to Bariatric Surgery, by

Surgical Procedure?

A. Among participants who underwent RYGB, the prevalence of any prescription analgesic
use, and specifically non-opioid analgesic use, increased over time (P for both <.001), first
decreasing from baseline to 6 months (~ for both<.001) and then increasing such that year-7
prevalence was higher than baseline (P for both<0.05). The prevalence of NSAID use
followed a quadratic trend (P<.001), decreasing from baseline to 6 months (~<.001) before
increasing over time. However, post-surgery prevalence remained lower than baseline
through year-7 (P=0.01). B. Among participants who underwent LAGB, the prevalence of
any prescription analgesic use increased over time (£=0.01), but was not significantly
different from baseline at 6 months (P=0.45) or year-7 (P=0.50). The prevalence of non-
opioid analgesic use did not differ over time (p=0.34) or differ from baseline at 6-month
(P=0.50) or 7-year (P=0.83). The prevalence of NSAID use followed a quadratic trend over
time (£=0.01) but was not significantly different from baseline at 6 months (~P=0.23) or
year-7 (P=0.99).

Abbreviations: Laparoscopic adjustable gastric banding (LAGB); non-steroidal anti-
inflammatory drugs (NSAID); Roux-en-Y gastric bypass (RYGB).

aModels were adjusted for baseline factors related to missing follow-up data (i.e., site, age,
smoking status). Observed and modeled data for these and “other” procedures is reported in
eTables 5 and 6 [Supplement], respectively. PData are based on observations until January
31, 2015; data collection ended before 429 RYGB and 173 LAGB participants were eligible
for a 7 year assessment.
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Table 1

Baseline Socioemographic and Clinical Characteristics of Adults prior to Bariatric Surgery.?

Total RYGBDP LLAGB Other
N = 2218 N = 1567 N =553 Procedure®
N =98
Sociodemographics
Female, No. (%) 1746/2218 (78.7) 314/1567 (80.0) 129/553 (76.7) 29/98 (70.4)
Age, y, median (IQR) 46 (37,55) 45 (37,54) 48 (38,57) 47 (38,54)
Race, No. (%) (n=2198) (n=1551) (n=551) (n=96)
White 1907 (86.8) 1322 (85.2) 497 (90.2) 88 (91.7)
Black 225 (10.2) 176 (11.3) 42 (7.6) 7(7.3)
Otherd 66 (3.0) 53 (3.4) 12 (2.2) 1(1.0)
g‘t;frf’lacrl‘t';’ L No. o) 108/2217 (4.9) 78/1567 (5.0) 25/552 (4.5) 5/98 (5.1)
Marital status, No. (%) (n=2067) (n=1525) (n=1544) (n=198)
ma'\r/:iaercriied or living as 1391 (64.2) 955 (62.6) 376 (69.1) 60 (61.2)
Divorced, separated or widowed 437 (20.2) 321 (21.0) 97 (17.8) 19 (19.4)
Never married 339 (15.6) 249 (16.3) 71(13.1) 19 (19.4)
Education, No. (%) (n =2067) (n=1527) (n=543) (n=97)
< High school 496 (22.9) 358 (23.4) 123 (22.7) 15 (15.5)
Some college 874 (40.3) 656 (43.0) 183 (33.7) 35(36.1)
> College degree 797 (36.8) 513 (33.6) 237 (43.6) 47 (48.5)
(Ho/g)usehold income, No. (n=2111) (n= 1486) (n= 530) (n= 95)
< $25,000 374 (17.7) 285 (19.2) 69 (13.0) 20 (21.1)
$25,000-$49,000 545 (25.8) 423 (28.5) 104 (19.6) 18 (18.9)
$50,000-$74,999 500 (23.7) 356 (24.0) 129 (24.3) 15 (15.8)
$75,000-$99,999 344 (16.3) 229 (15.4) 100 (18.9) 15 (15.8)
>$100,000 348 (16.5) 193 (13.0) 128 (24.2) 27 (28.4)
Insurance, No. (%) (n=2164) (n=1522) (n=544) (n=98)
Private 1422 (65.7) 1002 (65.8) 355 (65.3) 65 (66.3)
Public 522 (24.1) 356 (23.4) 140 (25.7) 26 (26.5)
Other® 220 (10.2) 164 (10.8) 49 (9.0) 7(7.1)
(Eo;p)ployment status, No. (n=2163) (n=1529) (n=545) (n=98)
Employed 1495 (69.1) 1060 (69.7) 368 (67.5) 67 (68.4)
Unemployed 79 (3.7) 61 (4.0) 11 (2.0) 7(7.1)
Disabled 314 (14.5) 228 (15.0) 72 (13.2) 14 (14.3)
Other 275 (12.7) 171 (11.3) 94 (17.3) 10 (1.02)

Physical Health

Body Mass Index,f
median (IQR)

History of back, hip,
knee or ankle surgery,

45.8 (41.7,51.4)

649/2158 (30.1)

46.5 (42.3,51.8)

453/1522 (29.8)

43.7 (40.4,48.1)

173/538 (32.2)
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No./total No. (%)

SF-36 Physical
component score,
median (IQR)

SF-36 Bodily Pain
score, median (IQR)

WOMAC knee pain
score

WOMAC hip pain score

N =2218

Total

36.5 (27.8,45.0)

39.6 (31.5,48.5)

4.0 (1.0,8.0)

3.0 (0.0,7.0)

RYGBP

N = 1567

35.7 (27.

39.6 (31.

5.0 (1.0,8.0)

3.0(0.0,7.0)

1,44.4)

5,48.5)

LAGB
N =553

39.3 (30.5,46.9)

40.0 (35.4,49.4)

3.0 (0.0,7.0)

2.0 (0.0,6.0)

Other

Procedure®
N =98

34.8 (26.5,43.0)

39.6 (35.4,44.3)

5.0 (0.0,9.0)

2.0 (0.0,8.5)

Total
N = 2218

RYGB
N = 1567

LAGB
N =553

Other Procedured
N =98

Mental Health
History of psychiatric
hospitalization,
No./Total No. (%)

Binge eating, No./Total
No. (%)

Loss of control eating,
No./Total No. (%)

Antidepressant
medication, No./total
No. (%)

Benzodiazepine
medication, No./total
No. (%)

SF-36 Mental
component score,
median (IQR)

ISEL-12 Belonging
score, median (IQR)

Beck Depression
Inventory score, median

(IQR)

Substance use
Smoke cigarettes,
No./total No. (%)

Regular alcohol
consumption (= 2
times/wk),
No./total No. (%)

AUD symptoms,
No./total No. (%)

Ilicit drug use, No./total
No. (%)

214/2166 (9.9)

336/2132 (15.8)

757/2143 (35.3)

849/2201 (38.6)

213/2214 (9.6)

51.7 (42.8,57.2)

14 (12,16)

6(3,11)

275/2216 (12.4)

143/2167 (6.6)

14212162 (6.6)

94/2159 (4.4)

158/1527 (10.3)

218/1502 (14.5)

507/1509 (33.6)

605/1551 (39.0)

152/1564 (9.7)

6(3,11)

215/1565 (13.7)

88/1526 (5.8)

99/1522 (6.5)

66/1520 (4.3)

51.8 (42.8,57.4)

14 (12,16)

39/541 (97.2)

98/533 (18.4)

211/540 (39.1)

201/552 (36.4)

49/552 (8.9)

51.8 (44.2,57.0)

14 (12,16)

6(3,11)

47/553 (8.5)

42/543 (7.7)

36/542 (6.6)

21/542 (3.9)

17/98 (17.3)

20/97 (20.6)

39/94 (41.5)

43/98 (43.9)

12/98 (12.2)

48.5 (37.2,55.4)

14 (11,16)

7(3,12)

13/98 (13.3)

13/98 (13.3)

7/98 (7.1)

7/97 (7.2)

Abbreviations: AUD, Alcohol Use Disorder; ISEL-12, 12-item Interpersonal Support Evaluation List; Laparoscopic adjustable gastric banding
(LAGB); non-steroidal anti-inflammatory drugs (NSAID); Roux-en-Y gastric bypass (RYGB); SF-36, Short-Form 36-item Health Survey;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis index.

a L
Data were reported as No.(%) unless otherwise indicated.

bOpen RYGB (n=174) and laparoscopic RYGB (n=1393) were combined because surgical approach was no related to post-surgery opioid

use(Table 2).
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CSIeeve gastrectomy (n=51), banded Roux-en-Y gastric bypass (n=30) and biliopancreatic diversion with duodenal switch (n=17) were combined
due to the low frequency of each.

Due to small numbers, the following racial groups were combined: Asian, American Indian/Alaska Native, Native Hawaiian/other Pacific Islander,
multiple races.

e . .
Due to small numbers, other type, unknown, and no insurance were combined.

fBody mass index is calculated as weight in kilograms divided by height in meters squared.
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Associations with Continuation and Initiation of Prescribed Opioid Analgesic Use, following Bariatric

Surgery.

Table 2

Regular Opioid Use Post-Surgery

Continued® (N=280)

Initiated? (N=1631)

ARR(95%CI)¢ P ARR(95%CI)¢ P
Pre-surgery
Male (Ref. = Female) 1.07(0.91-1.27) 040 0.91(0.74-1.12) 0.36
Age, per 10 years younger 1.04(0.97-1.11) 0.32  1.00(0.92-1.08)  0.93
Race (Ref. = Black) 0.20 0.40

White 0.91(0.73-1.13) 1.32(0.88-1.98)

Other 1.11(0.80-1.52) 1.29(0.72-2.29)
Hispanic ethnicity 1.02(0.71-1.47) 092  0.86(0.49-1.51)  0.60
Household income <$25,000 (Ref. = 2$25,000) 1.00(0.85-1.18)  0.99  1.04(0.85-1.28)  0.69
Insurance (Ref. = Private) 0.60 <0.01

Public 1.03(0.88-1.21) 1.33(1.09-1.64)

Other/unknown/none 0.91(0.71-1.16) 1.46(1.15-1.84)

SF-36 Bodily pain, per 10 points lower (worse) 1.14(1.03-1.25) 0.01  1.55(1.38-1.74) <.001
SF-36 Mental component score, per 10 points lower (worse) d 0.94(0.86-1.02) 0.14
Smoke cigarettes (Ref. = No) 1.05(0.87-1.26) 0.61  1.25(0.99-1.59) 0.06
Surgical procedure (Ref. = Laparoscopic RYGB) 0.93 0.70

Open RYGB 0.98(0.80-1.21) 1.02(0.81-1.29)

LAGB 0.99(0.83-1.18) 0.87(0.66-1.15)

Other 0.91(0.67-1.22) 0.88(0.61-1.28)
Post-surgery
History of back, hip, knee or ankle surgery 1.01(0.89-1.14) 091  1.21(1.02-1.45) 0.03
Revision, reversal or new bariatric procedure 1.09(0.85-1.40) 0.48  1.50(1.08-2.07) 0.01
Pre- to post-surgery change
Weight change, per -5% (loss) 1.00(0.98-1.02) .84 1.03(0.99-1.07) 0.12
SF-36 Bodily pain, per 10 points lower (worse) 1.11(1.04-1.18) <.01 1.72(1.57-1.90) <.001
SF-36 Mental component score, per 10 points lower (worse) d 0.91(0.85-0.97) <0.01
Pre- and post-surgery status
Prescribed benzodiazepine use 0.02 0.24

Started vs. never 0.90(0.75-1.07) 1.26(1.00-1.57)

Continued vs. stopped 1.21(1.02-1.44) 1.05(0.64-1.74)

Continued vs. never 1.15(1.01-1.30) 1.15(0.82-1.61)

<.001 <.001

Prescribed non-opioid analgesic use®
Started vs. never
Continued vs. stopped

Continued vs. never

2.06(1.59-2.68)
2.44(1.99-2.98)
2.14(1.68-2.72)

6.09(4.77-7.78)
4.00(2.60-6.16)
4.05(2.98-5.49)

Abbreviations: LAGB, laparoscopic adjustable gastric banding; SF-36, Short-Form 36-item Health Survey;
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RYGB, Roux-en-Y gastric bypass.
aReguIar use of prescribed opioids pre- and post-surgery vs. regular use pre-surgery only.
bReguIar use of prescribed opioids post-surgery only vs. no regular use pre- and post-surgery.

Adjusted for other variables as indicated in this table, as well as site.

dThe ARR (95%Cl) is not reported for variables that were not retained in the model due to lack of significance (~>.05 overall).

EWhen prescribed non-steroidal anti-inflammatory drug (NSAID) use replaced prescribed non-opioid analgesic use, NSAID use was not
significantly associated with risk of continued opioid use (P=0.69; started vs. never ARR=1.03, 95%CI, 0.88-1.20; continued vs. stopped
ARR=1.09, 95%ClI, 0.91-1.31; continued vs. never ARR=1.12, 95%ClI, 0.91-1.37). However, compared to not using NSAIDs pre- and post-
surgery, starting (ARR 1.63, 95%Cl, 1.29-2.06) or continuing (ARR 1.51, 95%Cl, 1.04-2.19) NSAID use were associated with increased risk of
post-surgery initiated opioid use (A<.001). The risk of post-surgery initiated opioid use did not significantly differ by continued vs. stopped NSAID
use (ARR=1.29, 95%Cl, 0.86-1.94).
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