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Abstract

Purpose—To determine if propoxyphene withdrawal from the U.S. market was associated with 

opioid continuation, continued chronic opioid use and secondary propoxyphene related adverse 

events (emergency department visits, opioid-related events, and acetaminophen toxicity).

Methods—Medical service use and pharmacy data from 11/19/08 to 11/19/11 were collected 

from the national Veterans Healthcare Administration (VHA) healthcare databases. A quasi-

experimental pre-post retrospective cohort design utilizing a historical comparison group provided 

the study framework. Logistic regression controlling for baseline covariates was used to estimate 

the effect of propoxyphene withdrawal.
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Results—There were 24,328 subjects (policy-affected n=10,747; comparison n=13,581) meeting 

inclusion criteria. In the policy-affected cohort, 10.6% of users ceased using opioids and 26.6% 

stopped chronic opioid use compared to 3.8% and 13.5% in the historical comparison cohort 

respectively. Those in the policy-affected cohort were 2.7 (95%CI: 2.5–2.8) and 3.2 (95%CI: 2.9–

3.6) times more likely than those in the historical comparison cohort to discontinue chronic opioid 

and any opioid use respectively. Changes in adverse events and ED visits were not different 

between policy affected and historical comparison cohorts (p>0.05).

Conclusions—The withdrawal of propoxyphene containing products resulted in rapid and 

virtually complete elimination in propoxyphene prescribing in the Veterans population; however, 

nearly 90% of regular users of propoxyphene switched to an alternate opioid and three quarters 

continued to use opioids chronically.
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Introduction

Propoxyphene is a short-acting, Drug Enforcement Agency Schedule IV, synthetic opioid 

introduced in 1957 that was indicated for mild to moderate pain. Propoxyphene was 

formulated either by itself (Darvon 65mg) or in combination with other analgesics, most 

commonly with acetaminophen. When compared to other analgesics in acute and chronic 

pain, propoxyphene with acetaminophen was consistently shown to be equivalent or inferior 

to other commonly used analgesics. In postoperative pain alone, propoxyphene with 

acetaminophen was found less effective in pain relief than ibuprofen 400 milligrams and 

equally or less effective than codeine with acetaminophen or tramadol.1–4 A meta-analysis 

performed on 26 randomized controlled trials showed the addition of propoxyphene to 

acetaminophen in managing postoperative, arthritis and musculoskeletal pain was no more 

effective than acetaminophen alone.5

Propoxyphene posed serious safety concerns. The mostly widely known serious side effect 

of propoxyphene is cardiotoxicity leading to potentially fatal arrhythmias.6 Propoxyphene 

has also been associated with dependency, abuse, and overdoses leading to hospitalization 

and death.7–14 Per 100,000 prescriptions, propoxyphene was linked to more drug-related 

deaths than either hydrocodone or tramadol and more emergency department visits than 

codeine.15

Despite the potential risks of propoxyphene and non-superior analgesic properties relative to 

common alternatives, propoxyphene with acetaminophen was a commonly used drug. It 

ranked 79th in prescription volume in the United States in 2009.16 Because of accumulating 

data regarding cardio-toxicity and following previous action by European regulatory 

agencies to withdraw propoxyphene from their markets, FDA requested that propoxyphene 

be removed from the U.S. market.17–19 On November 19th, 2010, Xanodyne 

Pharmaceuticals agreed to remove propoxyphene from the U.S. market.19 This withdrawal 

occurred in the context when prescription opioid abuse was the fastest growing form of drug 

abuse20–21 with a parallel rise in fatal opioid overdoses.22 Clinicians and policy makers have 
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tried to address opioid misuse and abuse through a variety of mechanisms including 

expansion of prescription drug monitoring programs, encouraging development of abuse 

deterrent opioid formulations, and pain contracts.23 To date, we are not aware of data on the 

effect of withdrawing a popular opioid in the U.S. such as propoxyphene on opioid use and 

chronic use.

The withdrawal of propoxyphene from the U.S. market created a natural experiment to 

understand how withdrawal of this popular medication would impact use of opioids in a 

cohort of regular users. Using data from a Veterans Affairs data repository, our study sought 

to determine if propoxyphene withdrawal from the U.S. market was associated with opioid 

discontinuation, continued chronic opioid use, changes in daily opioid dose expressed in 

morphine equivalent dose (MED), and opioid days supplied among chronic propoxyphene 

users. For regular users of propoxyphene, the withdrawal essentially forced clinicians and 

their patients to re-evaluate their analgesic strategy and our primary interest was to 

determine the extent patients switched to another opioid and continued opioids chronically. 

Secondary analyses sought to determine the influence of the propoxyphene withdrawal on 

potential propoxyphene-related adverse events (emergency department visits, opioid-related 

events, and acetaminophen toxicity).

Methods

Study Design and Data Sources

This study used a quasi-experimental pre-post historical comparison cohort study design, 

exploiting the natural experiment created when the FDA removed propoxyphene from the 

market. We created two cohorts (policy-affected cohort and historical comparison cohort) 

with a pre- and post-period for each cohort (Figure 1).24 For the policy-affected cohort, the 

pre-period was defined as the 365-day period before DPP removal (11/19/2009 – 

11/18/2010) and the post-period was defined as the 365-day period after DPP removal 

(11/19/2010 – 11/19/2011). The historical comparison group was created using data one 

year prior to the policy-affected cohort with 365 day pre- and post-periods constructed 

around November 19, 2009 to control for any seasonal influences. For the historical 

comparison cohort the pre-period was defined as 11/19/2008 – 11/18/2009 and the post-

period was defined as 11/19/2009 – 11/19/2010.

Data for this study were obtained from three sources: VA Pharmacy Benefits Management 

Service (PBM), VA National Patient Care Database (NPCD), and VA Vital Status File. The 

PBM data included records of outpatient opioid prescriptions dispensed by VA for all 

Veterans who met the inclusion criteria (see study sample) for each cohort. Each record 

included medication name, strength, number dispensed, date dispensed and days supplied. 

The NPCD data extract included demographic data (e.g. marital status, gender, etc) as well 

as diagnosis codes for painful conditions, mental health and substance use disorders. The 

Vital status file was used to identify Veterans who died during the follow up period. 

Approval was obtained from the Institutional Review Boards at both Central Arkansas 

Veterans Healthcare System and the University of Arkansas for Medical Sciences.
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Study Sample

In order to focus the analysis on persons whom the withdrawal would require a re-evaluation 

of analgesia and not treatment patterns for acute pain, the policy-affected and historical 

comparison cohorts each included Veterans who used opioids chronically in the respective 

pre-periods. To be included, subjects were required to have: (1) received a minimum 90 

days’ supply of propoxyphene or a propoxyphene combination product within the 365 day 

pre-period25; (2) had at least two outpatient visits during the pre-period to ensure persons 

accessed VA services; (3) had at least two clinic visits during the post-period to ensure 

persons continued to access VA care; (4) had at least one propoxyphene prescription in the 

60 day period immediately before the end of the pre-period to exclude persons that 

discontinued propoxyphene prior to the policy. They were required to be alive at the end of 

the post-periods.

Outcome Variables

We defined six key opioid use outcome variables based on utilization in the post-periods: 1) 

Any opioid use 2) Chronic opioid use 3) Opioid discontinuation 4) Chronic opioid 

discontinuation 5) Average Opioid Daily Dose 6) Months of opioids supplied. Any opioid 

use was defined as the receipt of any opioid containing analgesic prescription on or after the 

respective cohorts date defining pre- and post-periods. Chronic opioid use was defined as at 

least 90 days’ supply of any opioid or propoxyphene in the 365 day post-periods. Opioid 

discontinuation was defined as no fills for any opioid containing analgesic prescription 

within the post-periods. Chronic opioid discontinuation was defined as opioid prescriptions 

for less than 90 days’ supply, including zero use, of an opioid containing analgesic within 

the post-period. Each of these opioid use measures were further categorized based on 

exclusive propoxyphene use (propoxyphene only opioid recorded), propoxyphene and other 

opioids (propoxyphene recorded with at least one non-propoxyphene opioid), other opioids 

only (at least one non-propoxyphene opioid recorded and no propoxyphene), and no opioid 

use (opioid discontinuation definition) in both the pre- and post-periods. Opioid use 

measures were also categorized according to the DEA classification of opioids, (Schedule 

III/IV vs. Schedule II) and Schedule II opioids were further categorized into short-acting and 

long-acting opioids. MED was calculated by multiplying the opioid strength by the quantity 

dispensed and multiplied by a morphine conversion factor.26 The total MED was divided by 

the total days’ supply to obtain average daily dose. Months’ supplied was calculated by 

summing the days’ supplied and dividing by 30. Average opioid daily dose and months of 

opioid supply were defined in both post-periods and pre-periods. To prevent prescription fills 

counting in both pre- and post-periods, those fills that occurred in the pre-period were 

truncated the day before the index date. Therefore, the dose and days’ supply on or after the 

index date weren’t additive in the average daily dose and months’ (days’) supply 

calculations.

Secondary outcome variables were created to examine whether adverse events were less 

likely to occur after propoxyphene was withdrawn from the market. For each cohort, these 

included all cause emergency department visits and specific events diagnosed in the 

inpatient, emergency department, or outpatient settings; opioid-related events (see 

Appendix)27; and acetaminophen toxicity (see Appendix).28
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Sociodemographic and Clinical Variables

For both cohorts, pre-period mental health, pain, and substance use disorder diagnoses were 

assigned using ICD-9 codes from inpatient and outpatient VA service (see 

Appendix).27, 29–30 Mental health diagnoses were defined as affective disorder, anxiety, 

delirium, dementia, major depressive disorder, other acute reaction disorder, post-traumatic 

stress disorder, schizophrenia, other psychosis, and other mental health disorder. Pain 

diagnoses were defined as arthritis, back pain, headaches, fractures, musculoskeletal pain, 

neuropathy, reproductive system pain, visceral pain, wound/injury, and other pain.27, 30 

Substance use disorders were defined as alcohol, opioid and non-opioid use disorders.30 

Demographic data included age (18–25, 26–35, 36–45, 46–55, 56–65, 66–75, 76+), sex, race 

(white/Caucasian, African American, multiracial, unknown/declined and other), and marital 

status (married, not married, and unknown).

Statistical Analysis—Descriptive analysis using chi-squares and t-tests were used to 

describe unadjusted results and to compare policy-affected and historical comparison 

cohorts. A difference in difference approach was used to assess the effect of the policy, and 

regression models were estimated with a GROUP indicator variable to reflect policy-affected 

and historical comparison cohort membership, a PERIOD indicator variable to reflect pre- 

and post-periods and a PERIOD*GROUP interaction variable to estimate the effect of the 

withdrawal policy. For the models describing any opioid use and chronic opioid use, the 

PERIOD and PERIOD*GROUP interactions were not included because 100% of subjects 

were chronic opioid users by design in the pre-periods and the GROUP variable would 

reflect the influence of the withdrawal policy. Because a portion of the subjects in the 

historical comparison cohort also contributed to the policy-affected cohort, a repeated 

measures approach was used in each of the models. Logistic regression models were used to 

estimate the influence of the withdrawal policy on any opioid use and chronic opioid use in 

the post period. Emergency department visits were modeled using ordinary least squares 

linear regression while opioid-related events were modeled using Poisson regression. All 

models were adjusted for the demographic and clinical variables previously described after 

eliminating potential noise variables in the final models using the Stepwise function in SAS. 

Variables were retained in the final models if p<=0.05. All analyses were completed using 

SAS Enterprise 5.1.

Results

A total of 24,328 Veterans met inclusion criteria across both cohorts. Of the 10,747 persons 

in the policy-affected cohort, the average age was 66 years, 92% were male, 7.5% were 

black, and on average used 7.72 months’ supply of opioids (Table 1). Arthritis followed by 

back pain was the most common pain diagnoses and more than half had one or more mental 

health disorders. The socio-demographic and clinical characteristics of the 13,581 persons in 

the historical comparison cohort were largely comparable to the policy-affected cohort, but 

they used a slightly higher months’ supply of opioids (7.79, p<0.05) and had slightly more 

persons that classified themselves as black (8.5%, p<0.05).
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In the policy-affected cohort, 10.6% of Veterans discontinued all opioid use in the post-

period as compared to 3.8% of Veterans in the historical comparison cohort (Figure 2). Use 

of propoxyphene in the policy-affected cohort dropped significantly after propoxyphene was 

withdrawn. Those who used propoxyphene as their exclusive opioid dropped from 71.2% in 

the pre-period to 2.1% in the policy-affected cohort compared to a drop from 69.7% to 

54.3% in the historical comparison cohort. Use of other opioids alone increased in the post-

periods in both groups; however, the policy-affected cohort experienced the greatest increase 

with 69.6% in the policy-affected cohort using other opioids exclusively in the post-period 

compared to 10.6% in the historical comparison cohort. Most of the increase observed for 

other opioids in the policy-affected cohort were for schedule III-IV short-acting non-

propoxyphene containing opioids; 87% of the cohort had one or more prescription fills for a 

schedule III–IV non-propoxyphene containing opioid in the post-period compared to a rate 

of 40% for the historical comparison cohort. Less than 15% of the cohort had one or more 

prescription fills for a long-acting or short-acting schedule II opioid in the post-period 

(Figure 3).

The proportion of those discontinuing chronic opioid use was 25.6% in the policy-affected 

cohort compared to 13.5% in the historical comparison cohort (Figure 4). In both cohorts, 

approximately 70% of subjects used propoxyphene exclusively as their chronic opioid in the 

pre-periods and after the policy virtually none of the policy-affected cohort used 

propoxyphene chronically (0.1%) compared to nearly half (48.4%) in the historical 

comparison cohort in the post-period. In the policy-affected and historical comparison 

cohorts, 56.9% and 8.3% respectively had chronic use of other opioids only in the post-

periods.

Table 2 displays the final logistic regression model estimating the influence of the policy on 

opioid discontinuation. The withdrawal policy increased the odds of discontinuing opioids 

entirely, and the magnitude of the effect was large (OR=3.2; 95%CI: 2.9 – 3.6) (Table 2). 

Higher doses and longer durations of opioid therapy in the pre-periods were associated with 

lower odds of discontinuation. Being diagnosed with dementia and schizophrenia increased 

the odds of opioid discontinuation and having a musculoskeletal or neuropathy diagnosis 

decreased the odds of opioid discontinuation.

The logistic models for chronic opioid discontinuation found similar results. The odds of 

discontinuing chronic opioid use was 2.7 (95%CI: 2.5 – 2.8) times higher for the policy 

affected veterans compared to those in the historical comparison cohort (Table 3). Higher 

doses and longer durations of opioid therapy in the pre-periods were also associated with 

lower odds of discontinuing chronic opioid therapy. Being diagnosed with dementia, major 

depressive disorder, substance use disorders, and schizophrenia were all associated with a 

higher likelihood of chronic opioid discontinuation; however, none of the pain conditions 

were associated with chronic opioid discontinuation.

In the pre-periods, average daily dose in milligrams of morphine equivalent dose for the 

policy-affected and historical comparison cohorts were similar (79.7mg/day and 79.5 

mg/day respectively). Average daily dose in the post-period of the historical comparison 

cohort was similar to that of its pre-period (70.7mg/day). However, average daily dose in the 
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post-period of the policy-affected cohort was drastically lower as compared to its pre-period 

(26.7 mg/day).

Opioid-related events and ED visits significantly increased in the post-periods as compared 

to the pre-periods for both groups (ED visits: B=0.049, 95%CI: 0.014, 0.084; Opioid-related 

events: B=1.056, 95%CI: 0.252, 1.861); however, there was not a significant association 

between the policy groups and the group*period interaction reflecting no association 

between the policy and these measures (ED visits: B=0.037, 95%CI: −0.016, 0.090; Opioid-

related events: B= −0.363, 95%CI: −1.5755, 0.8497). There were only 5 acetaminophen 

adverse events across both groups and time periods and hence models were not estimated 

given the low event rates for this outcome (data not shown).

Discussion

Our data show that among those who were regular users of the weak opioid propoxyphene, 

withdrawing the drug from the market modestly reduced any opioid use and chronic opioid 

use. Only 10% of subjects discontinued opioids entirely and nearly three out of four 

individuals continued using opioids on a chronic basis. These data clearly demonstrate that 

withdrawing an opioid product is much more likely to result in prescribing an alternative 

opioid rather than trying a non-opioid alternative to manage pain. This has important 

implications for policy makers and persons managing drug formularies. Restricting access to 

a specific opioid product through mechanisms such as prior authorization or making a 

product non-formulary may reduce overall opioid use and chronic opioid use, however, the 

reductions are likely to be modest as the vast majority of persons taking a restricted opioid 

are likely to switch to another opioid.

This is the first U.S. study to examine the impact of the propoxyphene withdrawal policy on 

opioid use. A French cohort study that followed 103 elderly patients who used 

propoxyphene for chronic pain management found that 40.8% switched to Step 1 analgesics 

(defined by the World Health Organization analgesic ladder) such as acetaminophen and 

ibuprofen.31 At least in this study, the French were 4 times as successful in discontinuing 

opioid use. This study is also novel in its use of a historical control in a pre-post difference 

in difference framework. Historical controls have been used in the literature; however, this is 

the first study to integrate a pre- and post-period within a historical control methodology. 

This design has clear advantages over a simple pre-post design in that it can more clearly 

attribute changes in our outcome measures to the withdrawal and be less influence by 

traditional biases such as history or maturation. Indeed, our historical controls exhibited 

declines in our outcome measures, particularly for chronic opioid use.

Adverse events, defined as opioid-related events and emergency department visits were 

significantly more frequent in the post-period as compared to the pre-period for both the 

policy-affected and historical comparison cohorts which may suggest that adverse events 

increase for chronic propoxyphene users as time progresses; however, since the frequency of 

events did not differ by group, the removal of propoxyphene from the market does not 

appear to contribute to a decrease or increase in adverse events.
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There are several limitations to this study. First, prescription fills and medical record data 

alone are not sufficient to differentiate appropriate and inappropriate opioid use and it is 

unknown if withdrawing propoxyphene reduced opioid misuse or abuse. Given the modest 

reduction of opioid use and chronic use after the withdrawal, any effect of the policy on 

opioid misuse and abuse is likely to be negligible or modest. Second, records of medications 

obtained outside of VA were not available for this study. Therefore, some veterans could 

have filled opioids outside of VA and still be counted as having discontinued opioid use. 

Third, VA data can be difficult to generalize to non-VA patients, especially in generalizing to 

women and non-white populations since both populations are still a small portion of patients 

in VA care. Future studies should address these minority groups. Next, persons were 

required to survive the one year post-period and our secondary analyses of propoxyphene-

related adverse events may be influenced by survival bias. Moreover, converting doses of 

propoxyphene to morphine equivalents is variable and imprecise. We chose a conversion 

where 1mg of oral morphine was considered equianalgesic with 4.35mg of propoxyphene 

napsylate to be consistent with the TROUP study and other studies utilizing this data; 

however, some opioid conversion tables equate 1mg morphine to as much as 20mg of 

propoxyphene.32 The use of the 1 to 4.35mg equianalgesic factor converted doses of 

propoxyphene to relatively high MED in most of our groups and time periods and is also the 

most likely explanation of why we observed a pronounced decline in MED in the policy-

affected cohort in the post-period in which there was virtually no use of propoxyphene. 

Additionally, prescription records for propoxyphene dispensed in the pre-period of either 

group where the days’ supply spanned one period to the next were not counted in the post-

period for days’ supply, dose, nor used in the post-period. Truncating the fills in this fashion 

underestimates both months’ covered and average daily dose. Lastly, in May 2010, VHA 

guidelines were released for the management of opioid therapy for chronic pain, along with 

new patient/provider tools, including a sample opioid pain care agreement, and a table on 

urine drug screens.33 The release of this guideline occurred in the post-period of our 

historical comparison and in the pre-period of our policy affected cohort. This would 

primarily influence our observed pre – post differences of our historical comparison group 

such that the observed differences (decreases) would be greater than those that would be 

expected absent the release of the May 2010 guidelines. In turn, our difference in difference 

estimates might be understating the true effect of the propoxyphene withdrawal policy on 

our opioid use measures. Given that only 3.8% of persons discontinued opioids entirely in 

the historical comparison group, the magnitude of this bias is likely to be small for that 

opioid measure but may be larger for other measures, such as discontinuation of chronic 

opioid therapy in which 13.5% discontinued chronic use in the historical comparison group.

Conclusions

The withdrawal of propoxyphene containing products results in rapid and virtually complete 

elimination in propoxyphene prescribing in the Veterans population and the policy was 

associated with decreases in opioid use and chronic opioid use; however, nearly 90% of 

regular users of propoxyphene switched to alternate opioids and three quarters continued to 

use opioids chronically. The use of an alternative opioid likely reduces the risk of 

propoxyphene-related cardiac conduction disorders; nevertheless, the impact of the 

Hayes et al. Page 8

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 February 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



withdrawal on the risks of opioid-related misuse, dependence, abuse, and death is likely to 

be more modest.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

• Ninety percent of chronic propoxyphene users continued opioid use after the 

removal of propoxyphene from the US market.

• Three quarters of chronic propoxyphene users continued chronic opioid use 

after propoxyphene was removed from the US market.

• The removal of propoxyphene does not appear to contribute to a decrease or 

increase in adverse events as defined as opioid-related events, emergency 

department visits, and acetaminophen toxicity.
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Figure 1. 
Visual Demonstration of the Quasi-Experimental Pre-Post Policy-Affected/Historical 

Comparison Study Design
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Figure 2. 
Pre and Post Propoxyphene and Opioid Utilization for Policy-Affected Cohort and 

Historical Comparison Cohort
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Figure 3. 
Pre and Post Opioid Utilization based on Duration of Action and Controlled Substances 

Schedule for Policy Affected Cohort and Historical Comparison Cohort
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Figure 4. 
Pre and Post Chronic Opioid Utilization for Policy Affected Cohort and Historical 

Comparison Cohort
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Table 2

Odds Ratios and 95% Confidence Intervals of Logistic Regression Model of Any Opioid Discontinuation

Parameter* OR 95% CI

Group (Policy Affected vs. Comparison) 3.20 (2.87, 3.57)

Months of Opioid Use 0.80 (0.78, 0.82)

Average Daily Dose (per 100 mg MED) 0.45 (0.38, 0.54)

Mental Health Diagnosis:†

 Dementia 1.68 (1.31, 2.15)

 Schizophrenia 1.72 (1.18, 2.51)

 Other Psychosis 1.72 (1.11, 2.67)

Pain Diagnosis:†

 Musculoskeletal 0.83 (0.72, 0.95)

 Neuropathy 0.78 (0.66, 0.93)

Age:

 18–25 2.62 (0.79, 8.73)

 26–35 1.29 (0.78, 2.13)

 36–45 0.80 (0.58, 1.11)

 46–55 0.97 (0.80, 1.18)

 66–75 1.12 (0.97, 1.29)

 76+ 1.56 (1.37, 1.78)

 Referent: Age: 56–65

*
significant parameters (p<0.05) after stepwise regression

†
For each diagnosis (mental health or pain), the null serves as the referent
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Table 3

Odds Ratios and 95% Confidence Intervals of Logistic Regression Model of Chronic Opioid Discontinuation

Parameter* OR 95% CI

Group (Policy Affected vs. Comparison) 2.65 (2.48, 2.84)

Months of Opioid Use 0.74 (0.73, 0.76)

Average Daily Dose (per 100 mg MED) 0.46 (0.41, 0.52)

Mental Health Diagnosis:†

 Dementia 1.43 (1.19, 1.73)

 MDD 1.16 (1.07, 1.27)

 Schizophrenia 1.40 (1.05, 1.86)

Substance Use Disorders†

 Non Opioid 1.41 (1.13, 1.77)

Race:

 Black 1.15 (1.01, 1.30)

 Other 1.14 (1.02, 1.27)

 Missing 1.02 (0.77, 1.34)

 Referent: Race: White

Age:

 18–25 1.64 (0.51, 5.24)

 26–35 1.62 (1.16, 2.26)

 36–45 0.86 (0.71, 1.05)

 46–55 0.97 (0.85, 1.10)

 66–75 1.24 (1.12, 1.36)

 76+ 1.51 (1.38, 1.65)

 Referent: Age: 56–65

*
significant parameters (p<0.05) after stepwise regression

†
For each diagnosis (mental health, substance use disorder, or pain), the null serves as the referent
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