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Abstract

OBJECTIVE: Opioid use disorder (OUD) is associated with chronic pain. We investigated the
association between medication treatments for OUD and pain in a post-hoc secondary analysis of
a randomized trial of methadone versus buprenorphine/naloxone.

METHODS: 1,241 individuals with OUD participated in an open label, pragmatic randomized
trial of methadone versus buprenorphine/naloxone in nine treatment programs licensed to dispense
agonist medication for OUD between 2006 to 2009. In this post-hoc analysis, pain was
dichotomized (present or not present) using responses from the Short Form-36. Logistic regression
models were fit to test the effect of (1) having baseline pain on week 24 retention, (2) treatment
assignment on improvement in pain among those reporting pain at baseline, and (3) pain
improvement at week 4 on week 24 retention among those reporting pain at baseline.

RESULTS: Almost half (48.2%) of the sample reported pain at baseline. Participants with
baseline pain did not significantly differ in week 24 retention compared to those without baseline
pain. Among those reporting pain at baseline, there was no significant difference between
treatment arms in improvement of pain at week 4, but improvement in pain at week 4 was
associated with significantly greater odds of being retained at week 24 (OR [95% CI] = 1.76 [1.10,
2.82], p =.020).
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CONCLUSION AND RELEVANCE: In this large multisite randomized trial of medication
treatments for OUD, nearly half of the participants reported pain at baseline, and improvement in
pain early in treatment was associated with increased likelihood of retention in treatment.
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Introduction

Comorbid pain and opioid use disorder (OUD) are common; about 1 in 3 individuals
requiring chronic opioids for pain also meet criteria for OUD (Boscarino et al., 2011).
However, few studies of people with OUD consider pain as a moderator of treatment
success.

Of the trials that have been conducted, there are mixed findings with regards to the
association between pain and OUD outcomes. Trials of comorbid pain and OUD show that
individuals with persistent pain after detoxification are at increased risk of continued opioid
use when compared to those without persistent pain (Larson et al., 2007; Potter et al., 2010).
Several trials show that addressing chronic pain improves cravings and other OUD outcomes
(Garland et al., 2014; llgen et al., 2011), others found no evidence that pain is associated
with differential retention or illicit drug use outcomes (Barry et al. 2009; Weiss et al. 2011).
Considering the potential for pain to result in poorer OUD outcomes, additional research is
needed to understand the relationship and improve treatment.

FDA approved agonist treatments for OUD (i.e., methadone and buprenorphine) are also
approved for the treatment of pain. Preliminary evidence suggests that buprenorphine and
methadone share similar efficacy in treating pain among individuals with OUD (Neumann et
al, 2013). However, buprenorphine/naloxone is a partial opioid agonist and has a ceiling
effect on the opioid receptor at escalating doses, when compared with methadone (Walsh et
al., 1994). For this reason, buprenorphine/naloxone is often assumed to be less efficacious
than methadone at alleviating chronic pain in clinical practice (Bruce et al., 2017).

Thus, we undertook a secondary analysis of a large (N=1,241) randomized controlled trial of
buprenorphine/naloxone versus methadone on the primary outcome of liver health among
men and women with OUD (Saxon et al., 2013). This was a pragmatic trial in that it studied
an intervention under real-world conditions to maximize external validity using a simple
design, large sample size, and across diverse settings (Patsopoulos, 2011). Using this dataset,
we considered three questions with regards to pain and opioid use disorder treatment: First,
among all participants, does the presence of pain at baseline moderate the effect of
medication assignment on retention? Second, is methadone, a full opioid agonist, more
effective at decreasing pain compared to buprenorphine, a partial agonist? We hypothesized
that among individuals reporting pain at baseline, the odds of reporting decreased pain after
four weeks of treatment would be greater in the methadone versus buprenorphine/naloxone
treatment arm. Third, among those with pain at the beginning of the trial, is improvement in
pain at week 4 associated with treatment retention? We hypothesized that among those with
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pain, improvement in pain in the first 4 weeks of the trial would be associated with greater
retention at the end of treatment (week 24).

Methods
Study Design

Data for this secondary analysis were drawn from a National Institute on Drug Abuse
Clinical Trials Network randomized study of 24 weeks of open label buprenorphine/
naloxone or methadone among individuals with OUD receiving treatment at nine outpatient
addiction treatment programs. These programs were licensed to dispense methadone as a
treatment for opioid use disorder from geographically distant cities throughout the United
States. They were predominantly urban, private, non-profit clinics, serving a lower
socioeconomic population. Clinics dispensed medications daily with observed dosing except
for Sundays and holidays or when take home medications were permitted by local
regulations.

A full description of the inclusion and exclusion criteria and study design has been
published previously (Saxon et al., 2013). Briefly, eligible individuals were >18 years of age
and met Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition- Text
Revision (DSM-IV-TR) criteria for opioid dependence. Individuals with medical,
psychiatric, or substance use conditions that would make participation hazardous were
excluded. Pain conditions were not considered exclusionary.

Potential participants signed a consent form and completed a baseline assessment, including
the self-report survey, the Short Form 36 (SF-36), at the baseline study visit. Patients were
asked to return to the clinic within the next few days in opioid withdrawal to prepare for
buprenorphine induction. Participants were randomized to maintenance with open label
buprenorphine/naloxone (up to 32 mg/day) or methadone (no predefined upper dose limit).
Individual dosing schedules were determined based on weekly clinical evaluation; opioid
withdrawal symptoms, continued cravings, or illicit opioid use were indications for dose
increases. Participants remained on study medication for the 24 weeks and were then tapered
off medication or referred for ongoing clinical treatment. The study received approval from
the institutional review boards at all participating sites, and all participants provided written
informed consent. Also, oversight was provided by the NIDA Clinical Trials Network Data
Safety and Monitoring Board.

The initial randomization scheme was 1:1 but was switched midway through the trial to 2:1
(buprenorphine/naloxone:methadone) because of the need to have a minimum of 300
participants in each arm complete 24 weeks of treatment to adequately assess hepatic health
outcomes. A total of 1,269 participants were randomized (Buprenorphine = 740,
Methadone=529). The primary outcome paper demonstrated no difference in liver health by
medication assignment, but that individuals receiving methadone were significantly more
likely to remain in treatment (Saxon et al., 2013). For the present study aim 1, 28
participants missing baseline pain information were excluded from analyses leaving 1,241
subjects (Buprenorphine=723, Methadone=518).
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Measurements and Outcome

Pain was assessed using a single item from the SF-36, a self-report instrument of health
status (Ware and Sherbourne,1992), which was administered at baseline and weeks 4, 12,
and 24. Pain at baseline was assessed at consent, before individuals were randomized, and
therefore had not been instructed to begin detoxification and induction procedures. The item
asked participants to rate bodily pain over the previous 4 weeks on a six-point Likert scale
ranging from no pain to very severe pain. Participant responses were dichotomized as no or
mild pain (no, very mild, or mild pain) or moderate to severe pain (moderate, severe, or very
severe pain). This method of operationalizing the item was chosen based on previous work
demonstrating predictive clinical value using the item as a dichotomized outcome (Caldeiro
et al., 2008), as well as because of the lack of evidence for the validity of this measure as a
continuous outcome. Pain improvement at week 4, among those with baseline pain, was also
dichotomous: improvement (responding: no, very mild, or mild pain), or no improvement
(responding moderate, severe, or very severe pain). We refer to the two pain categories as
“no pain” and “pain” for the remainder of the document for convenience and ease of
reading, but it should be noted that the “no pain” category also included individuals with
very mild or mild pain.

Treatment retention at 24 weeks was dichotomous (retained in the trial or not retained in the
trial) defined in the same way as the parent trial. Treatment retention at week 4 was defined
similarly.

Data Analysis

Among all participants, a logistic regression model was fit to assess the association of
baseline pain and treatment on retention at week 24 (aim 1). The model included the effect
of baseline pain (pain versus no pain), treatment (methadone versus buprenorphine), and
their 2-way interaction. If the 2-way interaction was not significant, it was omitted from the
model and only the main effects were assessed.

Among all participants with pain at baseline (N=598), a second logistic model was fit to
assess the effect of treatment on pain improvement at week 4 (aim 2). This model included
the main effect of treatment (methadone versus buprenorphine). A third logistic model was
fit to test if pain improvement at week 4 was associated with treatment retention at week 24
(aim 3). This model included the effect of pain improvement at week 4, treatment and their
2-way interaction. If the 2-way interaction was not significant, it was omitted from the
model and only the main effects were assessed.

All models controlled for a random effect for site and adjusted for gender (male vs female),
age (as continuous), Hispanic race (Hispanic vs non-Hispanic) and highest maximum
medication dose (high vs low) (for methadone >60 mg per day and for buprenorphine >16
mg per day). These covariates were selected based on previous research demonstrating
associations with retention in treatment (Hser et al., 2014).

In order to consider the possibility of withdrawal pain influencing patient’s responses to the
SF-36 pain question we also performed an ANOVA analysis of the association of withdrawal
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severity at baseline on the clinical opioid withdrawal scale with pain status collected at the
same time point. No other data was available on withdrawal severity throughout the trial.

All logistic model estimates are interpreted as log odds ratios and are exponentiated to
obtain odds ratio (OR). All analyses were done using PROC GLIMMIX in SAS version 9.4,
and all statistical tests were two-sided with a significance level of 5%.

Sample Characteristics

Figure 1 presents the distribution of the Likert-scale SF-36 pain item at baseline and week 4.
Of the 1,241 participants enrolled, 598 (48.2%) reported experiencing pain at baseline. Table
1 presents demographic characteristics and retention rates for participants with and without
pain at baseline by treatment assignment. Participants were on average 37 years old; age did
not differ significantly between the pain and no pain group. Females were significantly more
likely to report pain at baseline than males (52.9% vs 46.0%, p = .023).

Patients with pain did not differ significantly from those without pain with regards to
withdrawal scores rated on the clinical opioid withdrawal scale (ANOVA across groups:
F3 1236 = 2.43, p = .064), nor were these differences clinically relevant since differences
between groups were on average less than one unit. The average maximum dose of
buprenorphine in the study was 22.2 mg (SD = 8.1) while the average maximum dose of
methadone was 93.5 (SD = 42.3). The median dose of buprenorphine was 24 mg (range =
[2-32]; IQR = [16-32]) and the median dose of methadone was 90 (range = [5-397]; IQR =
[70-110]). Dosing data did not include the 2 individuals whose medication was switched
from buprenorphine to methadone during the trial due to pregnancy. For all other analysis
these individuals were included in the buprenorphine arm in an intention-to-treat manner.

Of the 518 participants randomized to methadone, 74.1% were retained at week 24 (76.6%
within those who reported baseline pain and 72.0% within those who do not report baseline
pain). Of the 723 participants randomized to buprenorphine, 46.6% were retained at week 24
(48.2% within those who reported baseline pain and 45.1% within those who reported no
baseline pain).

Aim 1: Baseline Pain on Retention at Week 24

The 2-way interaction between treatment assignment and baseline pain was not significant
suggesting that baseline pain did not significantly moderate the relationship between
treatment assignment and retention at week 24 (F1 1205 = 0.18, p = .668). Results for main
effects model are presented in Table 2. Participants with pain at baseline did not have
significantly different odds of being retained at week 24 compared to participants with no
pain at baseline (p = .398). Participants randomized to methadone had about 3 times the
odds of being retained at week 24 compared to those randomized to buprenorphine (OR
[95% CI] = 3.17 [2.44, 4.11], p < .001). Older age, non-Hispanic ethnicity, and higher
maximum dose were significantly associated with greater odds of being retained at week 24
among all randomized participants (all p <.05). Gender was not significantly associated
with odds of retention at week 24 (p =.999).

J Addict Med. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shulman et al. Page 6

Aim 2: Treatment Assignment on Pain Improvement at Week 4

Among the 598 participants with pain at baseline, 514 (86.0%) participants were retained at
week 4, 283 (78.8%) in the buprenorphine group and 231 (96.7%) in the methadone group.
444 of the individuals retained also completed the short form assessment form at that time
point and were included in the analysis. Model results assessing treatment assignment on
pain improvement at week 4 among those with baseline pain are presented in Table 3. There
was no significant difference in the odds of pain improvement at week 4 between those
randomized to methadone compared to those randomized to buprenorphine/naloxone (p
=.862). Younger age and higher maximum dose were significantly associated with greater
odds of pain improvement at week 4 (all p <.05). For each additional year of participant
age, the odds of reporting no pain at four weeks decreased by 4% (OR [95% CI] = 0.96
[0.94, 0.98], p<.001). Participants with higher maximum dose had about half the odds of no
pain at four weeks compared to those with lower maximum doses (OR [95% CI1] =0.47
[0.29, 0.78], p=.003). Gender and Hispanic ethnicity were not significantly associated with
pain improvement (p=.731 and p=.685, respectively).

Aim 3: Association Between Improvement in Pain at Week 4 and Retention at Week 24

As noted above, among the 598 patients who reported pain at baseline 444 of the individuals
retained also completed the short form assessment form at that time point and were included
in the analysis. The 2-way interaction between treatment and week 4 pain improvement was
not significant, suggesting that the effect of week 4 pain improvement on week 24 retention
did not significantly differ by treatment assignment (F1 423 = 2.16, p=.143). Results for the
main effects model are presented in Table 3. Among participants with pain at baseline, those
with improved pain at week 4 had 1.76 times the odds of being retained at week 24
compared to those whose pain was not improved at week 4 (OR [95% CI1] =1.76 [1.10,
2.82], p=.026). Additionally, participants randomized to methadone had 2.78 times the odds
of being retained compared to those randomized to buprenorphine (OR [95% CI] = 2.78
[1.72, 4.48], p < .001). Among participants with pain at baseline, older age was significantly
associated with greater odds of being retained at week 24 (OR [95% CI] = 1.05 [1.03, 1.07],
p <.001), while gender, Hispanic ethnicity, and maximum dose were not significantly
associated with retention at week 24 (all p > .05).

Discussion

This was a secondary analysis testing several hypotheses of the association between pain,
medication treatment assignment, and retention in a randomized controlled trial of
buprenorphine/naloxone versus methadone for OUD. Based on prior research, we
hypothesized that baseline pain would lead to decreased retention, however, the analysis
failed to show evidence of an association between baseline pain and retention in this trial.
We also failed to confirm our hypothesis that individuals assigned to the methadone arm
would experience lower levels of pain. We did find a positive association between
improvement in pain and retention, as hypothesized.

The finding that baseline pain was not associated with differences in retention was consistent
with secondary analysis of another large multisite trial of treatment-seeking individuals with
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OUD (Weiss et al., 2011). People with OUD and pain may be more motivated to continue in
treatment in the hopes of both addressing their substance use disorder and pain.

Although no difference was found in the number of individuals who reported improvement
in pain at week 4 by medication arm, caution should be taken in drawing conclusions. There
was significant differential drop-out between the two treatment arms, with higher drop-out
among individuals assigned to the buprenorphine arm. It is possible that individuals assigned
to buprenorphine were more likely to experience continued pain compared to the methadone
group and that this contributed to lower retention in the study. The dosing schedule used in
the trial was once daily for both methadone and buprenorphine. This is the commonly used
schedule for opioid maintenance treatment, but these medications may be more effective for
treating pain when given in divided doses three or more times a day. This may have reduced
effectiveness at treating pain and obscured effects on retention or differences between
medications. Results are however consistent with recent findings that full opioid agonist
medications do not provide superior outcomes in managing pain compared to partial
agonists (Neumann et al., 2011) or other non-opioid approaches to pain management (Krebs
et al., 2018; Chang et al., 2017). One reason for this may be that full opioid agonists like
methadone induce tolerance and diminish analgesic effectiveness and may produce
hyperalgesia in which chronic exposure actually increases sensitivity to pain (Brush 2012).

The finding that individuals with continued pain were significantly less likely to remain in
treatment has important clinical implications and should be confirmed with further
prospective studies that consider the mechanism of this relationship. Regardless, this finding
coupled with the finding that half of the individuals included in the analysis continued to
have moderate to severe pain highlights the need for screening, follow up, and expanded use
of alternative interventions for pain in the OUD population. Current treatment infrastructure
for OUD generally does not include resources to address pain early in treatment and this
issue is difficult to address in the context of acute substance, psychiatric, psychosocial, and
medical problems. The treatment and research community should explore feasible
approaches to screen for and address pain in the first 4 weeks of treatment in light of the
finding that early reduction in pain is predictive of long-term retention. Interventions may
include psychosocial interventions and non-opioid medications or procedures. Psychosocial
interventions like mindfulness based and cognitive behavioral psychosocial interventions for
individuals with opioid use disorders and pain have shown promise in early trials (Garland et
al., 2014; Zgierska et al., 2016; Guarino et al., 2018).

Several further limitations should also be considered. Differential drop out between the
methadone and buprenorphine arms of the trial demand caution when interpreting results.
The single pain item from the Short Form-36 has not been validated as an independent
measure of clinically significant pain and is a self-reported subjective measure. In addition,
the question did not differentiate between chronic, acute, or withdrawal pain. As individuals
may have been experiencing significant withdrawal early in treatment this may have
confounded our findings, although as noted above withdrawal scores did not significantly
correlated with pain. In addition, the trials recruited a specific population of individuals with
opioid use disorder, those seeking treatment at clinics dispensing opioids for agonist
treatment (methadone clinics), and therefore lacks generalizability to all patients seeking

J Addict Med. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shulman et al. Page 8

treatment for opioid use disorders. Although these included clinics from a broad range of
clinics throughout the country, this population likely does not represent other treatment
seeking populations, for example those seeking treatment at outpatient primary care
programs where many patients are treatment for opioid use disorder with buprenorphine.

Conclusion

Despite limitations, this study highlights the high prevalence of baseline pain in individuals
with OUD and the significant portion of those individuals who continue to report pain
despite treatment with agonist medication. Further research is needed to confirm the findings
of this study, including the association between pain and retention and pain outcomes in
individuals on medications for OUD. Future studies should be designed and powered to
consider interventions addressing pain and OUD using comprehensive pain assessment,
including pain-related disability.
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Distribution of Pain Scores at Baseline and Week 4
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Baseline and week 24 measures by treatment (Buprenorphine=723, Methadone=518) “and baseline pain (total

n=1,241)
Pain at Baseline Mild or No Pain at Baseline
Buprenorphine
(N=359) Methadone (N=239) | Buprenorphine (N=364) | Methadone (N=279)
N % or M (SD) N % or M (SD) N % or M (SD) N % or M (SD)

Gender

Female 133 37.0 76 31.8 97 26.6 89 31.9

Male 226 63.0 163 68.2 267 73.4 190 68.1
Age (years) 359 37.8(11.3) 239 | 37.6(11.0) 364 37.0 (11.2) 279 | 36.9(10.7)
Hispanic 60 16.7 35 14.6 62 17.0 46 16.5
Race

White (non-Hispanic) 234 65.2 168 70.3 245 67.3 192 68.8

Black (non-Hispanic) 26 7.2 18 75 35 9.6 26 9.3

Hispanic 60 16.7 35 14.6 62 17.0 46 16.5

Other/Unknown 39 10.9 18 7.5 22 6.0 15 5.4
Baseline clinical opioid withdrawal
scale (COWS) 359 13.1 (4.3) 239 12.7 (4.7) 364 12.4 (4.3) 278 12.2 (4.1)
High Maximum Dose (Methadone:
>60, Buprenorphine: >16) 238 66.3 189 79.1 219 60.2 207 74.2
Any positive urine (Visits 0-24) for
amphetamine/opiate/cocaine/
cannabis (%yes) 146 40.7 146 61.1 173 475 154 55.2
Baseline Pain (Mean) 359 4.4(0.6) 239 4.4(0.6) 364 2.1(0.8) 279 2.2(0.8)
Week 4 Pain (% yes) 122 50.6 102 50.2 44 17.9 36 15.7
Week 24 Pain (% yes) 120 55.3 94 50.5 42 20.1 35 17.9
Retained at Week 4 (% retained) 283 78.8 231 96.7 300 82.4 255 91.4
Retained at Week 24 (% retained) 173 48.2 183 76.6 164 45.1 201 72.0

*
Randomization scheme was switched from 1:1 to 2:1 midway through the trial in order to meet the minimum number of participants per condition
retained at 24 week causing unequal group sizes (buprenorphine/naloxone:methadone)
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Table 2.

Model estimated main effects from logistic regression models of aim 1

Among all participants (n=1241)

Aim 1 Outcome: Retained at Week 24

Effect b SE p OR (95% ClI)
Covariates:
Age 0.031 | 0.006 | <.001 | 1.032 | (1.019, 1.044)

Gender (ref=Female)

0.000 | 0.137 | 0.999 | 1.000 | (0.764, 1.309)

Hispanic (ref=No)

-0.353 | 0.176 | 0.044 | 0.702 | (0.498,0.991)

Maximum Dose (ref=Low) 1.383 | 0.141 | <.001 | 3.988 | (3.023,5.263)
Predictors:

Treatment (ref=Buprenorphine) 1.152 | 0.133 | <.001 | 3.166 | (2.438,4.111)
Baseline Pain (ref=No Pain) 0.109 | 0.128 | 0.398 | 1.115 | (0.866, 1.434)

Pain Improvement at week 4 (ref=No) - -- - - -

-- Refers to variables not relevant to the model
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Model estimated main effects from logistic regression models of aims 2 and 3

Table 3.

Page 13

Among participantswith BL pain (n=444)*

Aim 2 Pain Improved at Week 4

Aim 3 Retained at Week 24

(ref=No)

Effect b SE p OR (95% CI) b SE p OR (95% CI)
Covariates:

Age -0.041 | 0.009 | <.001 | 0.959 | (0.943,0.976) | 0.048 | 0.011 | <.001 | 1.049 | (1.026, 1.072)
Gender (ref=Female) 0.072 | 0.211 | 0.731 | 1.075 | (0.710,1.627) | —-0.098 | 0.249 | 0.694 | 0.907 | (0.556, 1.478)
Hispanic (ref=No) -0.108 | 0.266 | 0.685 | 0.898 | (0.533,1.513) | 0.040 | 0.318 | 0.899 | 1.041 | (0.558, 1.944)
Maximum Dose (ref=Low) -0.748 | 0.252 | 0.003 | 0.473 | (0.288,0.777) 0.307 | 0.284 | 0.280 | 1.359 | (0.779, 2.373)
Predictors:

Treatment 0.034 | 0.198 | 0.862 | 1.035 | (0.701, 1.527) 1.021 | 0.243 | <.001 | 2.777 | (1.721, 4.480)
(ref=Buprenorphine)

Baseline Pain (ref=No Pain) -- -- -- - -- -- -- - - -
Pain Improvement at week 4 - -- -- - -- 0.564 | 0.241 | 0.020 | 1.758 | (1.095, 2.823)

*
Sample Includes participants with pain at baseline who were retained at week 4 and have a non-missing week 4 pain score

-- Refers to variables not relevant to the model
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