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Abstract

Background: Opioid analgesics are often prescribed to manage pain following bariatric surgery, 

which may develop into chronic prescription opioid use (CPOU) in opioid-naïve patients. Bariatric 

surgery may affect opioid use in those with or without pre-surgical CPOU.

Objective: To compare CPOU persistence and incidence in a large multi-site cohort of Veterans 

undergoing bariatric surgery (open Roux-en-Y gastric bypass (ORYGB), laparoscopic RYGB 

(LRYGB), or laparoscopic sleeve gastrectomy (LSG)) and matched non-surgical controls.

Setting and Methods: In a retrospective cohort study, we matched 1,117 surgical patients with 

baseline CPOU to 9,531 non-surgical controls and 2,822 surgical patients without CPOU at 

baseline to 26,392 non-surgical controls using sequential stratification. CPOU persistence in 

Veterans with baseline CPOU was estimated using generalized estimating equations by procedure 

type. CPOU incidence in Veterans without baseline CPOU was estimated in Cox regression 

models by procedure type because post-operative pain, complications and absorption may differ 

by procedure.

Results: In Veterans with baseline CPOU, post-surgical CPOU declined over time for each 

surgical procedure; these trends did not differ between surgical patients and non-surgical controls. 

In Veterans without baseline CPOU, compared to non-surgical controls, bariatric patients had 

higher CPOU incidence within 5 years following ORYGB (hazard ratio (HR)=1.19; 95% 

confidence interval (CI), 1.06-1.34) or LRYGB (HR=1.22, 95% CI: 1.06-1.41). Veterans 

undergoing LSG had higher CPOU incidence 1-to-5 years following surgery (HR=1.28; 95% CI, 

1.05-1.56) than non-surgical controls.

Conclusions: Bariatric surgery was associated with greater risk of CPOU incidence in patients 

without baseline CPOU but was not associated with greater CPOU persistence.
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1.0 Introduction

Opioid use and misuse increased in the US in the early 2000s as clinical guidelines called 

for better management of chronic pain associated with cancer and other pain-related 

conditions (e.g., osteoarthritis) and to treat acute pain after major surgery. Pain was 

classified as the “fifth vital sign,” implying that clinicians were required to treat it when 

present.1 All this coincided with acceptance of opioids to treat non-cancer pain. Retail sales 

of opioids nearly doubled between 1997-20062 and the average dose per person of 

prescribed opioids increased from ~100 morphine milligram equivalents (MMEs) to ~700 

between 1997-2007.3 As a result, 37% of US adults had one or more prescription opioids in 

20154, as did 37% of older adults in 2012.5

Maciejewski et al. Page 2

Surg Obes Relat Dis. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Veterans have been shown to be more likely to report pain than non-Veterans, and more 

likely to report severe pain, defined as pain that occurs “most days” or “every day” that 

bothers the person “a lot”.6 Management of acute pain with opioids can transition to 

prolonged opioid use if dosages aren’t tapered once acute pain subsides. Chronic 

prescription opioid use (CPOU) increases the risk for developing an opioid use disorder.6

Surgical patients are often prescribed opioids to treat acute pain following major surgery.7-9 

Prior studies have shown that a majority of patients undergoing common surgical procedures 

are prescribed opioids and that 6-7% of opioid-naïve patients develop CPOU.10-12 Patients 

with a history of CPOU are at particular risk for post-surgical CPOU. Prior evidence about 

opioid use in patients undergoing non-bariatric procedures may not generalize to bariatric 

surgery in general or to Veterans receiving bariatric surgery, because male patients with 

obesity have been shown to be less likely to fill opioid prescriptions than normal weight 

patients.13

The prior studies examining CPOU following bariatric surgery found one-year rates of 

CPOU initiation of 4%14, 6%15 and 6.3%.16 The only study examining long-term CPOU 

initiation found that 14.2% of bariatric patients were using opioids chronically 7 years after 

surgery,15 suggesting that some surgical patients develop chronic pain syndromes that may 

not resolve after bariatric surgery. These prior studies lacked non-surgical controls, so it is 

unclear how post-surgical CPOU differs between surgical patients and non-surgical controls. 

Further, these prior studies included few patients undergoing laparoscopic sleeve 

gastrectomy (LSG), which is now the most commonly performed procedure. To determine if 

bariatric surgery reduces the likelihood that patients require CPOU, it is necessary to 

compare them to a non-surgical control group. To address these evidence gaps, we examined 

time until CPOU incidence between surgical patients and matched controls without CPOU 

at baseline from a large, multi-site cohort with severe obesity. Among Veterans with CPOU 

at baseline, we also examined whether CPOU trends differed between surgical patients and 

non-surgical controls up to 5 years after surgery.

2 Materials and Methods

2.1 Study Design and Study Population

We conducted a retrospective cohort study of Veterans Affairs (VA) bariatric surgery patients 

and a matched non-surgical cohort of Veterans with severe obesity, which was approved by 

Institutional Review Boards of the Durham VAMC and Kaiser Permanente Washington 

Health Research Institute. We identified 10,653 Veterans with procedure codes for four 

bariatric surgical procedures (open Roux-en-Y gastric bypass (ORYGB), laparoscopic 

RYGB (LRYGB), LSG, and adjustable gastric band (AGB)) in any VA bariatric center 

nationwide between 10/1/2000—9/30/2016. After exclusions (eFigure 1), the final surgical 

cohort included 3,939 patients who underwent ORYGB, LRYGB or LSG.

Potential non-surgical controls for bariatric surgery patients were identified from VA 

electronic health record data using sequential stratification matching to accommodate the 

time-varying nature of surgical eligibility characteristics (e.g., body mass index (BMI)).17-19 

The data were organized into a series of “n of 1” randomized trials, where the trial start date 

Maciejewski et al. Page 3

Surg Obes Relat Dis. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(index date) was the surgical patient’s date of surgery.20 For each surgical patient, we 

identified a pool of potential matches who had not had bariatric surgery and were similar to 

the surgical patient in characteristics that influence long-term outcomes and the likelihood of 

receiving bariatric surgery. The categorical variables on which potential non-surgical 

matches were required to match exactly included sex, white versus non-white race, current 

diabetes (yes/no), CPOU in the prior year, depression treatment in the prior year, unhealthy 

alcohol use (Alcohol Use Disorders Identification Test (AUDIT-C score) > 4 for men or > 3 

for women) in the prior two years, and VA network. Surgical patients and potential matches 

must have been within 5 years of age and had BMIs within a radius that increased with the 

BMI of the surgical patient. For matching BMIs, surgical patients with higher BMIs were 

less likely to have a match with a close BMI, so we used bands that differed based on the 

surgical patient’s baseline BMI, with tighter bands at lower BMIs. BMIs of potential 

matches were required to be within 5 kg/m2 when surgical cases had a BMI between 35.0 

and 45.0 kg/m2, within 10 kg/m2 when surgical cases have a BMI between 45.0 and 60.0 

kg/m2, or within 15 kg/m2 when surgical cases have a BMI of 60.0 kg/m2 or greater. Patients 

who underwent surgery without a representative exact match were excluded (n=134, eFigure 

1). After identifying potential controls, up to 10 matches with the closest BMI measurements 

were selected for each surgical patient.

Potential non-surgical controls often had many BMI measurements over the study period, so 

they could match to multiple surgical patients. The matching process was not contingent 

upon future information, so 469 control patients (representing 552 matches) subsequently 

received bariatric surgery and contributed person-time to the control group in models until 

they received bariatric surgery. Their follow-up time as a non-surgical control was censored 

at their date of surgery. The final control cohort included 31,971 individual patients 

representing 35,923 matches.

The final analytic cohort was stratified by evidence of CPOU at baseline and by surgical 

procedure type (ORYGB, LRYGB, LSG) because post-operative pain and complications 

requiring opioids may be different between open and laparoscopic RYGB. Also, prior 

pharmacokinetic work has found more rapid post-operative absorption of opioids following 

both subtypes of RYGB than following LSG.21 Using the definition from Raebel et al.,11 

evidence of CPOU at baseline was defined by having 10 or more fills of Schedule II and 

non-Schedule II outpatient opioids or ≥120-day supply of Schedule II or non-Schedule II 

outpatient opioids filled in VA in the 12 months prior to and including index date. We 

matched 2,822 surgical patients without CPOU at baseline to 26,392 non-surgical controls 

without baseline CPOU. We also matched 1,117 surgical patients with baseline CPOU to 

9,531 non-surgical controls with CPOU at baseline for evaluation of persistence of CPOU 

after bariatric surgery. Over 98% of these cohorts received VA care one year after the index 

date and 94% received VA care 5 years after index.

2.2 Opioid Use Outcomes

2.2.1 Persistent CPOU: Among Veterans with CPOU at baseline, the primary outcome 

focused on CPOU persistence in the first 5 years after surgery, defined as having ≥10 VA 

outpatient fills or ≥120-day supply in each 12 month period. CPOU persistence was also 
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analyzed up to 15 years following surgery. Annual binary indicators of CPOU persistence 

following surgery (1-365 days, 366-730 days, etc.) were defined for each year using the 

same criteria as for baseline CPOU.

2.2.2 Incident CPOU: Among Veterans without CPOU at baseline, we examined 

whether the time until incident CPOU differed between surgical patients and non-surgical 

controls. Incidence was defined using the criteria for baseline CPOU and used the earlier of 

the date of 10th fill or the date of the fill providing 120th day of supply for determining days 

between bariatric patient’s hospital discharge and day of post-surgical incident CPOU. The 

criteria for incident CPOU had to be met within a rolling 12-month window. CPOU 

incidence was censored at the earliest of the following dates: death, 5 years post-surgery, the 

end of follow-up (7/31/2018) or when a bariatric procedure occurred (if previously a non-

surgical control).

2.3 Statistical Analysis

Covariate balance between surgical patients and non-surgical controls was evaluated using 

standardized mean differences (SMD), with a value <0.2 indicating reasonable balance.22 

For each of the 3 bariatric procedures, CPOU persistence up to five years after surgery in 

surgical and matched non-surgical patients with baseline CPOU was estimated by logistic 

regression fit using generalized estimating equations (GEEs). Based on minimizing Akaike 

Information Criterion (AIC), cubic time trends best fit the data and were included in 

interactions with an indicator of receipt of surgery. We also described unadjusted CPOU 

patterns after surgery to illustrate variation in the timing of CPOU discontinuation and 

conducted an analysis of CPOU persistence up to 15 years after surgery in a secondary 

analysis.

The association between bariatric surgery and CPOU incidence among Veterans 

withoutbaseline CPOU was examined descriptively using Kaplan-Meier estimators for each 

of the three procedure types (ORYGB, LRYGB, LSG). CPOU incidence by procedure type 

was compared between surgical and non-surgical patients without baseline CPOU using a 

Cox model analysis with a robust sandwich variance estimator to account for the possibility 

that the same non-surgical control matched to multiple surgical patients.23 Inspection of 

log(−log[survival]) curves and Schoenfeld residuals revealed that the proportional hazards 

assumption was satisfied for ORYGB and LRYGB procedures at all times, and for LSG 

when time was differentiated into the first year following surgery and the remainder of the 

follow-up period.24 Therefore, the estimated hazard ratio was constant across all follow-up 

years for ORYGB and LRYGB procedures, while differing for LSG by time period. All 

analyses were conducted in SAS 9.4 using a 0.05 a priori level of statistical significance. 

Some descriptive statistics were produced using R version 3.5.2.

3.0 Results

3.1 CPOU Persistence: Matched Cohorts with CPOU at Baseline

3.1.1 Characteristics of Patients with Baseline CPOU: Marked temporal trends in 

volume of the 3 bariatric procedures were observed (Figure 1). ORYGB was the dominant 

Maciejewski et al. Page 5

Surg Obes Relat Dis. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



VA procedure in 2001-2007, but LRYGB then became dominant until LSG became the most 

common procedure starting in 2010 (Figure 1).

In patients undergoing ORYGB (n=283), mean follow-up was 10.8 years (median=11.9) and 

9.7 years (median=10.4) for their matched non-surgical controls (n=2,353). Patients 

undergoing ORYGB and matched controls were similar in most observed characteristics 

(Table 1). Mean BMI was higher in ORYGB patients (48.4 kg/m2 vs. 46.4 kg/m2, 

standardized mean difference (SMD)=0.32) than matched controls.

In patients undergoing LRYGB (n=347), mean follow-up was 6.5 years (median=6.1) and 

5.9 years (median=5.4) for their matched non-surgical controls (n=2,968). LRYGB and 

match control patients were similar in all observed characteristics on which they were 

matched and most other covariates on which they were not matched (Table 1). LRYGB 

patients had a mean age of 53.8 years, a mean BMI of 44.7 kg/m2 and 79.5% were male, 

while their matches had mean age of 55.1 years, mean BMI of 43.6 kg/m2 and 85.5% were 

male.

In patients undergoing LSG (n=487), mean follow-up was 4.9 years (median=4.5) and 4.6 

years (median=4.2) for their matched non-surgical controls (n=4,210). The cohorts were 

well matched, except for higher mean BMIs in surgical patients (44.2 kg/m2 vs. 43.0 kg/m2, 

SMD=0.21).

3.1.2 Unadjusted and Estimated Trends in CPOU Persistence: In cohorts with 

baseline CPOU, trends in model-estimated post-surgical CPOU decreased with similar 

trends between surgical patients and non-surgical controls. Unadjusted CPOU persistence 

decreased from 75-80% of patients in all 3 surgical cohorts at 1 year, to 71% in ORYGB 

patients, 62% in LRYGB patients, and 53% in LSG patients at 5 years (eTable 2). 

Regression analyses confirmed that post-surgical CPOU trends were similar between 

surgical patients and matched controls (Figure 1)and both groups declined over time.

Within-person trends in CPOU persistence exhibited considerable heterogeneity (eFigure 2 

but persistence in all observed years was the most common pattern for surgical patients and 

non-surgical controls. Transitioning between use and non-use was rare. In a sensitivity 

analysis extending follow-up to 15 years, patients undergoing LRYGB or ORYGB had 

higher rates of CPOU than matched controls 10-15 years after surgery (eFigure 3).

3.2 CPOU Incidence: Matched Cohorts without CPOU at Baseline

3.2.1 Characteristics of Patients without CPOU at Baseline: In patients 

undergoing ORYGB (n=812), mean follow-up was 11.8 years (median=13.1) and 11.1 years 

(median=12.3) for their matched non-surgical controls (n=7,424). Surgical patients and 

matched controls were similar in nearly all observed characteristics (Table 2), except BMI 

was higher in surgical patients (48.7 kg/m2 vs. 46.9 kg/m2, SMD=0.24).

In patients undergoing LRYGB (n=775), mean follow-up was 6.9 years (median=6.6) and 

6.4 years (median=5.9) for their matched non-surgical controls (n=7,216). Surgical patients 

undergoing LRYGB and matched controls were similar in all observed characteristics (Table 
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2). LRYGB patients had a mean age of 52.6 years, a mean BMI of 44.5 kg/m2 and 71.0% 

were male, while their controls had mean age of 53.3 years, mean BMI of 43.6 kg/m2 and 

73.6% were male.

In patients undergoing LSG (n=1,235), mean follow-up was 4.5 years (median=4.0) and 

years (median=3.9) for their matched controls (n=11,752). Surgical patients and matched 

controls with baseline CPOU were well-matched on age (mean: 52.1 years for LSG, 52.7 

years for controls), BMI (mean: 43.4 kg/m2 for LSG, 42.8 kg/m2 for controls) and sex 

(72.4% for LSG, 74.2% for controls). 20.4% in controls) and diagnosed anxiety (15.2% in 

both cases and controls) were less common.

3.2.2 Unadjusted and Adjusted Trends in CPOU Incidence: The Kaplan-Meier 

estimated 1-year CPOU initiation rates were 13.3% for ORYGB patients and 10.5% for 

matched controls, 5-year rates were 37.6% for ORYGB patients and 31.8% for matched 

controls. One-year (9.0% for LRYGB, 8.4% for controls) and 5-year (28.0% for LRYGB, 

22.2% for controls) CPOU initiation rates were higher for surgical patients than matched 

controls (Figure 2). One-year (6.3% for LSG, 6.6% for controls) and 5-year (16.9% for 

LSG, 15.7% for controls) CPOU initiation rates were similar for surgical patients and 

matched controls.

In Cox regression (Figure 3), ORYGB was associated with higher CPOU incidence 

compared to matched controls (hazard ratio (HR)=1.19, 95% confidence interval (CI): 

1.06-1.34), as was LRYGB (HR=1.22; CI: 1.06-1.41). LSG was not associated with CPOU 

incidence in the first year of follow-up compared to matched controls (HR=0.93; 95% CI: 

0.74-1.17) but was associated with higher incidence 1-to-5 years following surgery 

(HR=1.28; 95% CI: 1.05-1.56).

4.0 Discussion

In this analysis of Veterans receiving bariatric surgery in 2001-2016, among the majority of 

patients who were not chronically on opioids at baseline, we found that there was increased 

incidence of CPOU at 5 years among those undergoing bariatric surgery compared with 

matched patients who did not. The hazard ratios of CPOU incidence were similar between 

the 3 procedure types (ORYGB, LRYGB or LSG), counter to our original hypothesis.21 

Similarity in hazard ratios may be due to close management of opioids by VA providers.

Among patients with baseline CPOU, there was no association between bariatric surgery 

(ORYGB, LRYGB or LSG), compared to matched controls without bariatric surgery, and 

persistence of CPOU during the first 5 years of follow-up. This finding is reassuring, 

suggesting that bariatric surgery does not increase the risk of CPOU persistence. It was 

important to examine post-surgical CPOU trends separately by surgical procedure because 

post-operative pain, complications and absorption of some opioid formulations have been 

shown to differ. In fact, secondary analyses suggested that patients undergoing open or 

laparoscopic RYGB might have increased risk of new CPOU over the long term (10-15 

years after surgery), which will require corroboration in future studies.

Maciejewski et al. Page 7

Surg Obes Relat Dis. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



These results are notable because prior studies of post-surgical opioid use only examined 

surgical patients and included few laparoscopic sleeve gastrectomies that are now the most 

common type of procedure performed.11,14,15 The estimated one-year rates of CPOU 

incidence of 6% for LSG patients and 9% for LRYGB patients are slightly higher than one-

year incidence rates found in prior studies with varying CPOU definitions14-16, which 

ranged from 4% to 6%. However, the 13% rate for ORYGB patients at one year is much 

higher prior estimates. The 7-year CPOU incidence of 14% from a large uncontrolled 

prospective study14 is similar to the 16.9% rate observed in the LSG patients in this cohort, 

but is much lower than the 28% rate in LRYGB patients and 38% rate in ORYGB patients.

These CPOU incidence rates observed in this Veteran cohort may differ from prior studies 

for several reasons. First, this age and sex composition of this cohort differs markedly (e.g., 

predominantly men in their 50s) from cohorts in prior studies (e.g., predominantly women in 

their 30s or 40s). Second, prior research suggests that Veterans are more likely to report pain 

than non-Veterans.6 Third, it is possible that opioid prescribing was less conservative in VA 

than non-VA settings before the VA implemented the Opioid Safety Initiative in 2013. These 

are the first long-term findings about CPOU in LSG patients and require further exploration 

in non-Veteran cohorts.

This study has several limitations that should be acknowledged. First, unobserved 

confounding in this retrospective cohort study was reduced via sequential stratification 

matching but residual confounding may persist after matching.25 Given sample size and 

statistical constraints related to the number of variables that could be accommodated in the 

matching process, we could not match on every available characteristic and BMI imbalances 

in two cohorts were statistically but not clinically significant. For example, VA collects race 

and ethnicity information in greater detail than white/non-white examined here, but we were 

unable to match on and examine opioid use in more granular detail. Due to the observational 

design, the estimated hazard ratios represent associations and not necessarily the causal 

effect of bariatric surgery on CPOU outcomes. Second, opioid use data was identified from 

VA claims only, so opioids obtained through Medicaid, Medicare or commercial coverage, 

or opioids obtained from other sources including illicitly, were not ascertained. Third, due to 

changes in bariatric procedures used over time, as well as changes in prescription opioid use 

for chronic pain, surgical procedure and the persistence and incidence of CPOU associated 

with each procedure, were confounded by calendar year. In addition, LSG only came into 

widespread use in VA after 2010, so secondary analyses of outcomes after 10-15 years were 

not possible for LSG, which in 2016 constituted the majority of bariatric surgeries 

performed in VA. Finally, it is possible that opioid use was initiated in either cohort due to 

receipt of non-bariatric procedures in the follow-up period.

These results underscore the risk of administering opioids to patients after surgery, which 

should be considered in preoperative discussions as part of the risk-benefit assessment of 

these surgical procedures in individual patients. Bariatric surgery has substantial and 

sustained effects on weight, obesity-related comorbidities, quality of life and long-term 

survival.26-31 Patients may be aware of these clinical benefits, but may not be aware of the 

risks, including risk of managing short-term pain in the perioperative period with opioids 

that could lead to CPOU for some patients. Post-operative CPOU might increase their risk 
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for developing opioid dependence and subsequent complications including overdose-related 

hospitalizations and death.32-34 The analysis highlights the importance of mitigation efforts 

aimed at decreasing CPOU initiation after bariatric surgery. In recent years, the American 

Society for Metabolic and Bariatric Surgery have promoted Enhanced Recovery after 

Surgery (ERAS) protocols to reduce narcotic use, including preoperative discussion with 

patients about pain management and use of narcotics only for breakthrough pain.35,36

5.0 Conclusion

Bariatric surgery was associated with greater risk of incident CPOU in patients without 

baseline CPOU but was not associated with CPOU persistence in patients with baseline 

CPOU. Results underscore the ongoing substantial risk for CPOU associated with major 

surgical procedures, including bariatric surgery, and the need to mitigate this risk.
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HIGHLIGHT

• Short-term opioid analgesics are often prescribed to manage pain following 

bariatric surgery, which may develop into chronic prescription opioid use 

(CPOU) in opioid-naïve patients.

• In a retrospective cohort study of 1,117 surgical patients and 9,531 non-

surgical controls with baseline CPOU, post-surgical CPOU declined over time 

and these trends did not differ between surgical patients and non-surgical 

controls.

• In 2,822 surgical patients and 26,392 non-surgical controls without CPOU at 

baseline, bariatric patients were more likely to initiate CPOU within 5 years 

following bariatric surgery.
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Figure 1. 
Trends in Bariatric Surgical Volume for All Patients and Model-estimated CPOU 

Persistence: Proportion of Patients with Post-operative CPOU up to 5 Years in Matched 

Bariatric Surgical Patients and Non-Surgical Patients with Chronic Prescription Opioid Use 

at Baseline, by Bariatric Procedure

Note: Figures on the left-hand side showing trends in surgical volume include patients with 

and without CPOU at baseline.
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Figure 2. 
Unadjusted CPOU Incidence: Kaplan-Meier Estimated Cumulative Incidence of Post-

operative CPOU up to 5 Years in Matched Bariatric Surgical Patients and Non-Surgical 

Patients without Chronic Prescription Opioid Use at Baseline, by Bariatric Procedure
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Figure 3. 
Adjusted CPOU Incidence: Association and 95% Confidence Intervals of Bariatric Surgery 

and CPOU Incidence up to 5 Years after Surgery in Patients without Chronic Prescription 

Opioid Use at Baseline

Note: The proportional hazards assumption was not met for patients receiving LSG, hazard 

ratios were estimated separately for the first year of following and the remaining years 1-5. 

Proportional hazards assumption was met for patients undergoing RYGB procedures, so 

hazard ratios were estimated for the entire 5-year period for these cohorts. Hazard ratios and 

95% confidence intervals are from Cox models in matched surgical patients and non-surgical 

controls without chronic prescription opioid use at baseline. HR=hazard ratio; RYGB=Roux-

en-Y gastric bypass; LSG=laparoscopic sleeve gastrectomy.
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