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Objective: Although some research has identified correlates of high-dose opi-
oid prescriptions, relatively little is known about factors that lead to higher doses.
Delay discounting (DD), defined as the subjective value of a reward declining as a
JSunction of the delay to that reward, is an objective measure of impulsivity. DD is
commonly studied in the context of addictive bebaviors, and findings consistently
demonstrate greater DD among individuals with opioid use disorders. The authors
conducted a preliminary investigation lo examine the extent to which DD is asso-
ciated with prescription opioid dose among patients with musculoskeletal pain.
Design: Cross-sectional study.

Setting: A single veterans affairs medical center located in the Pacific Northwest.
Subjects: Participants with chronic musculoskeletal pain. The authors identified
patients prescribed with high doses of opioids (100 mg morphine equivalent per
day [MED] or more; n = 17), traditional doses of opioids (5-99 mg MED; n = 34),
and patients with pain who were not prescribed opioids (n = 24).

Methods: All participants completed a battery of self-report measures assessing
demographic characteristics, pain-related variables, and psychiatric symptoms.
Participants also completed a computerized DD task.

Results: DD was negatively correlated with average daily opioid dose (p = 0.003)
and positively correlated with anxiety (p = 0.013). In a multivariable regression
analysis, after controlling for the effects of demographic and clinical factors, DD
was significantly associated with prescription opioid dose.

Conclusions: Contrary to study expectations, higher opioid dose was associated
with less DD. These findings call for prospective research to further elucidate the
relationships between DD and other measures of impulsivity and prescription opi-
oid doses.

INTRODUCTION

subjective experience of discomfort and willingness
to endure it may play a critical role. An influence on

Prescription opioid medications are commonly
prescribed for the treatment of chronic pain,’* and
data indicate that higher doses of opioids are pre-
scribed more frequently than in past decades.?*
While high doses of opioid medications may be
prescribed to optimally help manage increased pain
intensity, they also increase risk for adverse events.?

Little is known about the factors that lead to
higher prescription opioid doses. The patient’s

patient coping/anxiety reduction may be the pres-
ence of specific comorbidities, and prior research
does suggest that patients prescribed high doses of
opioids are more likely to have comorbid psychi-
atric and substance use disorders than those pre-
scribed lower doses.®” Using more longitudinally
focused data, opioid dose escalation may be more
common among patients with substance use disor-
ders and those with more frequent visits to primary
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care.' However, although these data suggest that
patients with complex mental health conditions are
most likely to have prescriptions for high doses of
opioids, they provide little information about the
mechanisms that may lead to high-dose opioid use.

One factor that might contribute to high-dose opi-
oid use is delay discounting (DD). This refers to the
process by which the subjective value of a reward
declines as a function of delay to the reward.'"*3 This
preference for small but immediate rewards over
larger but delayed rewards may be conceptualized
as impulsivity. Impulsivity is a stable personality trait
and is distinct from, but also frequently associated
with, substance craving'* and distress tolerance.'®
In the case of prescription opioids, a patient might
request opioid dose escalation because the per-
ceived positive effects of immediate pain relief out-
weigh potential future adverse effects of high-dose
opioid use. Here, the level of distress may interact
with impulsivity level to determine patient behavior
around opioid prescription preferences.

DD is widely studied in the context of alcohol
and substance use disorders. Research demonstrates
that those with substance use disorders consistently
exhibit higher DD than control participants,'®!” sug-
gesting a preference for immediate over delayed
rewards. Individuals with opioid dependence often
discount delayed rewards significantly more than
other non-substance-using participants.'® This find-
ing has been replicated with patients who misuse
other illicit substances; findings consistently indi-
cate that patients with opioid and other substance
use disorders are more likely to discount delayed
rewards than patients with no history of a substance
use disorder.!'??° DD has not previously been the
focus of research among patients with chronic pain;
however, recent findings suggest that DD can help
identify individuals at increased risk for prescription
opioid misuse?! and that common brain mechanisms
have been hypothesized between chronic pain and
addiction.?

In this study, we examined three groups of
patients, all of whom were receiving treatment for
musculoskeletal pain. We included participants who
were prescribed high doses of opioids, traditional
doses of opioids, and patients who were not pre-
scribed opioids. Our study goal was to examine
factors associated with high-dose prescription opi-
oid use. We hypothesized that DD would be sig-
nificantly positively associated with prescription
opioid dose, even after controlling for the effects of

other clinical and demographic variables, and that
patients who were prescribed higher opioid doses
would evidence more DD.

METHODS
Participants

Participants were recruited from a single veterans
affairs (VA) medical center in the Pacific Northwest
by posted advertisements throughout the medical
center. As an exploratory study, our goal was to
recruit about 25 participants for each of three groups
based on opioid dose (High Dose, Traditional Dose,
and No Opioid Groups).

Inclusion criteria for this study were a history of
musculoskeletal pain diagnosis, current pain of at
least moderate severity (ie, rated as a 4 or higher
on a pain numeric rating scale of 0-10, where 0 =
no pain and 10 = worst pain possible), duration of
pain condition greater than 12 weeks according to
patient report, and the ability to read and write in
English. Patients were excluded if they reported
any pending litigation or disability claim related to
a pain condition, age greater than 70 years, history
of cancer diagnosis in the past 5 years, surgery in
the past 6 months, have been enrolled in an opi-
ate treatment program in the last 3 months, current
suicidal ideation, or current untreated schizophrenia
or bipolar disorder. Participants in the “No Opioid”
Group had to self-report no use of opioid medica-
tions in the last 6 months, which was corroborated
by review of the electronic medical record.

A total of 200 patients were screened for study
inclusion. Individuals were excluded for pending
disability claim related to pain (n = 21), mild pain or
no current musculoskeletal pain-related diagnosis
(n =12), recent surgery (n = 11), current cancer diag-
nosis (n = 8), age > 70 (n = 6), current enrollment
in methadone maintenance (n = 3), or other reason
(n = 10). Forty potentially eligible participants were
excluded after we had met recruitment targets for
two of the dose groups. Of those who were eligi-
ble, 14 participants ultimately chose not to enroll in
the study or did not follow through. A total of 75
participants enrolled and completed study-related
measures. This included 24 participants in the No
Opioid Group, 34 participants in the Traditional
Dose Group (defined as 5-99 mg morphine equiva-
lents per day [MED)), and 17 participants in the High
Dose Group (defined as 100 mg MED or more).
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Measures

Demographic characteristics were collected by
self-report. These included age, gender, race, mari-
tal status, years of education, and yearly income.

Current prescription opioid dose data were
extracted from the electronic medical record and con-
firmed with self-report. Current opioid dose was con-
verted to an average daily MED. The average daily
dose for each drug was the total MED dispensed dur-
ing the 90 days prior to recruitment divided by the total
number of days dispensed for those prescriptions.

Pain severity and pain interference were assessed
with the Multidimensional Pain Inventory (MPI).*
The MPI is a frequently used and well-validated self-
report measure. Scale scores on the MPI range from
0 to 6, with higher scores reflecting more severe
pain or interference.

The Beck Depression Inventory-2 (BDI-II) was
used to assess for severity of depressive symptoms.?*
The BDI-II is a 21-item self-report measure. Scores
are summed, and higher scores reflect more severe
symptoms of depression.

The Generalized Anxiety Disorder-7 (GAD-7) is
a brief self-report measure used to assess the sever-
ity of anxiety symptoms.? It has been validated as a
robust predictor of the different anxiety disorders.?
Scores on the GAD-7 are summed and higher scores
indicate more severe symptoms of anxiety.

The Pain Medication Questionnaire (PMQ) is a
self-report measure designed to assess beliefs and
behaviors related to risk of misuse of pain medica-
tions.?” Scores on the PMQ are summed, and higher
scores reflect greater risk for misuse of prescription
opioids. The PMQ was included as prior literature
suggests DD may help predict risk for prescription
opioid misuse.'

The Timeline Followback (TLFB) was used to
assess self-reported use of prescription opioids,
alcohol, and illicit substances in the 30 days prior
to the study assessment. The TLFB is a reliable and
valid method that uses calendar prompts to track the
frequency of alcohol or substance use.?

All participants completed a computerized DD
task to assess relative preference for immediate
rewards despite their smaller size.? DD is measured
using a series of questions presented one at a time.
For each question, participants indicate which of two
hypothetical items they prefer: a larger amount of
money delivered following a delay or smaller, imme-
diate money. The delayed money is $100 available

after one of six delays (0, 7, 30, 90, 180, or 365 d).
The immediate money is an amount of money (rang-
ing from $1 to $100) available after 0 days. During the
task, a delayed and immediate option are selected
at random, without replacement, to form a question
(eg, “Would you rather have $10 now or $100 in 90
days?”). Participants select whether they prefer the
larger later or smaller immediate money.

The amount of immediate money at which pref-
erence switched from the delayed to immediate
money was obtained for each delay (indifference
points).? A hyperbolic function was fitted to these
indifference points and the slope of this function (k)
was used to summarize the degree of discounting.?
Larger k values indicated steeper slopes, and more
devaluation/discounting of delayed rewards. As is
typically found, k-values in this study were skewed
(8.21) and so were transformed to their natural loga-
rithm values (skew = 0.23) for all statistical analyses.

Data analysis

Participants were recruited such that they could
be assigned to one of three groups based on aver-
age daily opioid dose. Analyses examining differ-
ences among groups were conducted using y? tests
for categorical data and analysis of variance, with
Scheffe post hoc tests, for continuous data. A linear
regression model was constructed to examine vari-
ables significantly associated with prescription opi-
oid dose in average daily MED. Variables included
in the analysis were age, gender, years of education,
pain severity, depression severity, and DD. A signifi-
cance level of p < 0.05 was used for all analyses.

RESULTS

A comparison of demographic differences
among the three groups indicates that patients in
the High Dose Group had more years of education
(mean = 15.2) than those in the Traditional Dose
Group (mean = 13.5) or No Opioid Group (mean =
13.8). There were no other significant differences
among groups on other demographic variables.
Participants averaged 53.5 (SD = 9.9) years, and 72
percent reported Caucasian race/ethnicity. Thirty-
two percent were married, 44 percent divorced or
separated, and 21.3 percent were single. Most par-
ticipants were receiving disability (53.3 percent) or
were unemployed (29.3 percent). See Table 1 for a
comparison of demographic characteristics among
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Table 1. Comparison of demographic characteristics based on prescription opioid dose groups

High Dose Group Traditional Dose Group No Opioid Group
(n=-17) (n - 34) (n = 24) pvalue

Age 54.2.(9.7) 53.0 (10.0) 53.7 (10.4) 0.918
Male gender 82.4 percent (14) 73.5 percent (25) 75.0 percent (18) 0.778
Caucasian 88.2 percent (15) 70.6 percent (24) 62.5 percent (15) 0.538
Years of education 15.2 (2.6) 13.5(2.0) 13.8(2.2) 0.028
Marital status 0.160

Married 41.2 percent (7) 32.4 percent (11) 25.0 percent (6)

Separated/divorced 47.1 percent (8) 47.1 percent (16) 37.5 percent (9)

Single 11.8 percent (2) 14.7 percent (5) 37.5 percent (9)

Widowed 0 5.9 percent (2) 0
Employment status 0.211

Employed 5.9 percent (1) 8.9 percent (3) 12.5 percent (3)

Unemployed 17.6 percent (3) 20.6 percent (7) 50.0 percent (12)

Receiving disability 70.6 percent (12) 58.8 percent (20) 33.3 percent (8)

Other 5.9 percent (1) 11.8 percent (4) 4.2 percent (1)

the three groups. A total of 30.7 percent of the sam-
ple endorsed smoking cigarettes, which did not dif-
fer among the groups (3* = 1.51, p = 0.469).

Table 2 provides a summary of comparisons of
clinical data among the three groups. Participants
in the High Dose Group were prescribed an aver-
age daily opioid dose of 220.2 (SD = 96.3) mg MED.
Those in the Traditional Dose Group had an aver-
age daily opioid dose of 38.3 (SD = 27.2) mg MED.
There were no differences among the three groups
on measures of pain intensity, pain-related function,
symptoms of depression or anxiety, risk for pre-
scription opioid misuse, or past-month frequency
of alcohol use (all p values > 0.05). However, DD
slope (k) was significantly different. Post hoc tests
revealed that participants in the High Dose Group
had significantly lower scores (ie, shallowed dis-
counting functions) than participants in the No
Opioid Group (Figure 1). There were no signifi-
cant differences between the slopes for the High
Dose and Traditional Dose Groups, or between the
Traditional Dose and the No Opioid Groups.

Correlations between DD slope and clinical vari-
ables are presented in Table 2. DD was negatively
correlated with average daily opioid dose (7= —0.30,
p = 0.003) and positively correlated with anxiety
(r=10.30, p = 0.013).

A linear regression analysis was conducted to
examine variables significantly associated with pre-
scription opioid dose (Table 3). Variables included
in the model were age, gender, years of education,
pain severity, depression severity, and DD. The
overall model was significant and accounted for 25.1
percent of the variance in prescription opioid dose
(f = 3.065, p = 0.012). In the final model, the only
variables that were significantly associated with aver-
age daily opioid dose were male gender and DD.

DISCUSSION

The primary finding from this study is that DD
is significantly associated with prescription opioid
dose. Participants not prescribed opioids demon-
strated the steepest DD curves. Given prior litera-
ture indicating that greater exposure to opioids is
positively associated with DD, and the consistently
identified relationship between SUDs and DD,*! the
study findings are contrary to our initial hypotheses.
However, results from this study are consistent with
some other research indicating that individuals who
are stable in their opioid use (such as in an opioid
treatment program) may have lower DD overall.?
That is, when opioid substitution medications are
taken as prescribed, DD curves are less steep.??
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Table 2. A comparison of clinical variables based on prescription opioid status and correlation with DD*

Correlation | High Dose Group | Traditional Dose | No Opioid Group
with DD (n=17) Group (n = 34) (n=24) p value

DD slope -5.84(2.3) —4.8%P (2.0 -3.9" (2.0) 0.027
Average daily opioid dose —0.36*** 220.2 (96.3) 38.3(27.2) - -

Pain severity 0.22 4.5 (1.0) 4.1(0.9) 3.9(1.3) 0.317
Pain interference 0.02 4.7 (1.0) 4.6 (1.0) 4.2(1.3) 0.287
Depression 0.14 21.5(12.1) 20.0 (13.7) 18.3 (14.6) 0.784
Anxiety 0.30** 9.9(5.6) 9.9 (6.0) 9.4(6.6) 0.947
Risk for prescription opioid misuse 0.23 26.6 (6.4) 25309.2) 27.8 (14.7) 0.716
Days of alcohol use in past 30 d —-0.02 0.6 (1.3) 2.1(6.D 1.233.D 0.395

“Scores with different superscripts differed significantly in post hoc testing.

Figure 1. Median indifference points (present value) and
associated DD functions based on prescription opioid
group.

Note. Because of skewness, DD data reported here
reflect median indifference points at each delay. A hyper-
bolic function was fit to the indifference points for each
individual, and the slope of this function used to identify
group differences. There were statistically significant dif-
ferences among the three groups on delay discounting
(p < 0.05). In post hoc testing, the High Dose Group was
significantly different from the No Opioid Group. There
was not a significant difference between the High Dose
and Traditional Dose Groups or between the Traditional
Dose Group and No Opioid Group.

Little is known about the multidimensional fac-
tors that lead to high-dose prescription opioid use
for chronic pain. Some prior research suggests
that patients who are prescribed the highest doses
of opioids have more severe pain and the highest
rates of comorbid psychiatric and substance use dis-
orders.”” However, these studies did not examine

“p <0.05.
“p <0.01.
120 4 Table 3. Regression analysis examining variables
—e— High Dose Group associated with prescription opioid dose
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potential causes that may lead to the development
of high-dose opioid use. Further research is needed
on this topic, particularly prospective research that
could examine the impact of baseline factors on the
development of high-dose opioid therapy.
Clinician-related variables might also be evaluated
in future research examining factors associated with
prescription opioid dose escalation. Clinician factors
have demonstrated importance in the development of
prescription opioid use,* risky opioid prescribing,?
opioid dose escalation,'® and prescription opioid
overdose.’*” Some opioid prescribers may increase
prescription opioid doses because the immediate
rewards of reduced stress and conflict during clinical
interactions are perceived as larger than the delayed
benefits of reducing patient reliance on prescription
opioids.*® Future research might examine patient and
clinician clusters to assess potential interactive effects.
There may be several reasons why people pre-
scribed higher opioid doses might display less steep
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DD curves (suggesting less impulsivity) than those
not prescribed opioids. At higher doses of opioids,
the opioid reward pathway may be impaired.* It is
possible that opioid dose contributes to more lethargy
or amotivation, or otherwise quiets the limbic system
in a way that allows people to delay rewards.4!
Some patients may self-select to not take opioids or
restrict themselves to lower doses because of concern
about potential adverse effects.*?%3 There may be fac-
tors that emerge from the clinician-patient relation-
ship. For example, patients whose clinicians write
for higher doses may present their pain symptoms
or requests in a certain, perhaps more compelling
manner, suggesting some type of selection bias may
be present. Finally, there may be a selection bias, as
individuals in this study who were prescribed higher
opioid doses may have been on opioids the long-
est period of time, and this potential subsample of
patients may have enhanced ability to delay rewards
(eg, adhering to opioid treatment agreements, not
raising concerns to the prescribing clinician).

There are several limitations to consider when
reviewing results from this study. First, this study
included only one measure of impulsivity. Future
research examining the relationship between opioid
dose and impulsivity may include other measures
of DD, neuropsychological testing, and self-report
measures. Second, due to the cross-sectional design
of our study, we are unable to determine causation.
Prospective research would be needed to better
understand the relationships between opioid dose
and DD. Third, the sample size for the regression
analysis was low and these results should be inter-
preted with caution. Finally, study participants were
predominately male and recruited from a single VA
medical center. Results may not be generalizable
to women, other patient populations, or patients
recruited from specialty care clinics.

In summary, in this study, we examined factors
associated with higher prescription opioid doses.
Contrary to initial hypotheses, we identified an
inverse relationship between DD and prescription
opioid dose. DD is the process of placing less value
on a reward as it becomes delayed!""? and our find-
ings suggest that higher DD is associated with lower
prescription opioid doses. These results remained
consistent after controlling for the effects of other
demographic and clinical factors. Future research is
needed elucidate the potential impact of DD on pre-
scription opioid dose. Understanding more about the
influence of patient impulsivity surrounding treatment

for chronic pain may open new avenues for clinical
intervention in this difficult to treat population.
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