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Abstract

Purpose—The study objectives are to describe the longitudinal trajectory of prescription opioid
use among adolescents requiring a trauma admission and then identify predictors of sustained
opioid use.

Methods—Randomly sampled adolescents (12-18 years) admitted to a Level | trauma center
were surveyed. Follow-up assessments were obtained at 2-, 5- and 12-months. Self-reported
prescription opioid use, defined as 'taking an opioid prescribed by a physician,' was obtained at
baseline and every follow-up time point. At the baseline interview, validated mental health
measures and pain scales were obtained as well as pre-injury substance use. A fixed-effects mixed
Poisson regression analysis was performed to predict prescription opioid use over time.

Results—A total of 120 adolescents (mean age 15.5 years (1.9 SD), 75% male) completed the
baseline interview with 98% follow-up at 12-months. At baseline, 7% of adolescents reported
prescription opioid use prior to their trauma, with rates of prescription opioid use of 52% at 2-
months, 13.3% at 5-months and 12.5% at 12-months after discharge. After adjusting for
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demographic characteristics and injury severity score, those with sustained prescription opioid use
were more likely to report pre-injury marijuana use and higher baseline pain scores.

Conclusions—Approximately one in eight adolescents (12.5%) was using prescription opioids
12-months after injury hospitalization. Readily identifiable risk factors predicted sustained
prescription opioid use, including pre-injury marijuana use and baseline pain score. Screening for
substance use including marijuana at the time of injury could help identify patients at risk for both
substance use problems and sustained prescription opioid use.

Implications and Contribution—The study objective was to determine risk factors for
sustained prescription opioid use after admission for trauma. Adolescents with pre-injury
marijuana use and high baseline pain scores had increased risk of sustained prescription opioid
use. Screening for substance use at the time of injury could help identify patients at risk.

Introduction

Prescription opioids are often used to treat acute pain from illness or injury. Prescription
opioid use, defined as using prescribed opioids to treat acute pain in the way intended by the
prescriber is increasing and opioids are the most commonly prescribed controlled substance
among adolescents.[1] While prescription opioid use can be an important part of the
treatment for acute pain, recent studies have shown that prescription opioid use is associated
with misuse of prescription opioids,[2, 3] which can lead to overdose and death.[4] Acute
pain and prescription opioid use can also lead to chronic pain and chronic opioid therapy.
Sustained or chronic opioid therapy is defined as prescription opioid therapy for most days
in the past ninety.[5] Predictors of sustained prescription opioid use in adolescents after an
episode of acute pain remain unknown.

Initiating prescription opioid therapy can lead to recurrent prescription opioid use,[6]
prescription opioid misuse [7] and other adverse outcomes including overdose.[4] One in
five adolescents with a prescription for opioids report misusing their prescribed opioids,[2]
and 80% of high school students reporting prescription opioid misuse were initially
prescribed opioids by a physician.[7] In an emergency department (ED) sample, 14.5% of
adolescents and young adults reporting prescription opioid misuse had a current prescription
for opioids.[8] While these previous studies suggest potential correlates of prescription
opioid misuse; more information is needed to understand predictors of sustained prescription
opioid use in adolescents after an episode of acute pain.

In a study limited to adolescents with idiopathic scoliosis undergoing spinal fusion,
preoperative pain level and preoperative anxiety predicted higher postoperative pain at
follow-up.[9] Among adult patients undergoing common surgical procedures, pre-surgical
depressive symptoms were predictive of sustained opioid use at six months after surgery.
[10] Likewise, patients on chronic opioid therapy tend to also have psychiatric and
substance use disorders. Specifically, adolescents and young adults in outpatient clinics with
mental health diagnoses have increased risk of sustained prescription opioid use compared
to adolescent patients without mental health diagnoses.[11] Similarly, substance use is
associated with chronic opioid therapy and is a risk factor for opioid dependence.[12]
Identifying specific mental health disorders and substance use problems present prior to an
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injury causing acute pain could help identify adolescent patients at risk for chronic pain and
thus sustained prescription opioid use after an injury and trauma admission. Currently, there
are no studies that identify predictors of sustained opioid use after an acute injury among
adolescents.

Opioids are often part of the initial treatment for acute post-injury pain. Limited data exists
regarding the effectiveness of long-term opioid use in controlling non-acute or chronic pain.
[13] Injury is the leading cause for ED visits among adolescents [14, 15] and a source of
acute pain. Recognizing and understanding pre-injury risk factors for sustained prescription
opioid use could help physicians to identify and intervene with high-risk injured youth,
thereby reducing rates of sustained prescription opioid use and possibly opioid dependence
and misuse. Therefore, this study aims to determine demographics, baseline clinical
characteristics, and pre-injury substance use and mental health comorbidity that predict
longitudinal prescription opioid use up to one year after admission for a trauma in a
population of adolescents.

Study Site and Population

Adolescents (12-18 years old) admitted to the Harborview Medical Center (HMC) trauma
service, or in the ED for greater than 24 hours, from March 1, 2008 to October 31, 2009
were randomly sampled and the adolescents and their parents were surveyed as part of a
larger randomized clinical trial comparing stepped collaborative care to usual care for
decreased violence, injury risk factors, substance use problems, PTSD and depression over
time; approximately half of patients (n=61) participated in the intervention condition.[16]
The intervention was delivered by a social worker or nurse practitioner trained in care
management at a trauma center and included motivational interviewing elements targeting
risk behaviors including alcohol use and drug use as well as medication therapy and
elements of cognitive behavioral therapy targeting mental health conditions. The
intervention did not focus specifically on pain. HMC is a large, urban, academic Level |
trauma center in Seattle, WA. All adolescent patients with an injury requiring inpatient
trauma care or greater than 24 hours in the ED, with a Glasgow Coma Score [17] (GCS) of
15 at the time of the baseline interview, were eligible for the study. Patients were excluded if
they were non-English speakers (child or parents), incarcerated, or acutely suicidal. Patients
admitted to the hospital with GCS of less than 15 were reapproached during their
hospitalization if their GCS improved and was subsequently documented in the medical
record to be 15 at a time during their hospital stay. Eligible participants under the age of 18
years assented and parental consent was obtained. Consent was obtained directly from
participants that were 18 years old. Parents also provided consent. Study procedures were
reviewed and approved by the University of Washington Institutional Review Board.

Study Procedures

All eligible adolescent participants were approached in the ED or inpatient trauma ward to
complete an interview conducted by a trained Research Assistant (RA) regarding
demographics, medications, pain and pre-injury substance use, mental health and health
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service utilization. Parent participants also completed a separate interview conducted by a
trained RA at baseline. Adolescent participants were then followed for 12 months and
completed follow-up outcome assessments by telephone at 2 months, 5 months and 12
months after the date of their injury.

Prescription Opioid Use—At the baseline interview, the RA asked each adolescent
participant to list their pre-injury medications for the year prior to the injury hospitalization.
At the baseline parent interview, the RA asked parents to independently describe adolescent
pre-injury medication use. At each follow-up outcome assessment, the RA asked adolescent
participants to list medications with associated doses and intervals taken since the last
interview. All prescription opioids listed (e.g., codeine, hydrocodone, oxycodone, morphing,
hydromorphone, and methadone) at each time point were collapsed into a single category of
‘prescription opioid use,” and categorized as ‘yes’ or ‘no’ for each participant based off of
the adolescent self-report for each time point.

Demographics—RPatient age, gender, race and ethnicity were obtained through self-report
from the adolescent in the baseline survey.

Baseline Clinical Variables—The number of days after injury at which the participant
completed the baseline survey was documented. At the baseline assessment, current pain
was assessed using the McGill short form pain scale.[18] Specifically, adolescent
participants were asked to rate the severity of their current pain as ‘none’, ‘mild’, ‘moderate’
or ‘severe’ for each of fifteen different pain descriptors (e.g., throbbing, tender). Each rating
corresponded to a numeric value from 0-3. The total score for each participant ranged from
0-45.

Chart Review Clinical Variables—A discharge diagnosis from the index injury hospital
visit and the presence or absence of intensive care unit (ICU) level of care was determined
by reviewing hospital records and using the International Classification of Diseases, 9t
Revision, Clinical Modification (ICD-9-CM) codes.[19] From the ICD-9-CM codes, an
Injury Severity Score (ISS) was calculated.[20] The number of previous traumas requiring
hospital admission was abstracted from the trauma registry or electronic medical record by
reviewing hospital records.

Substance Use—Pre-injury alcohol abuse and dependence was assessed using the
Composite International Diagnostic Index (CIDI).[21] The Alcohol Use Disorders
Identification Test — Consumption (AUDIT-C) [22] was used to identify participants with
problem drinking. Illicit drug use, including marijuana, cocaine, methamphetamine and
opiates (e.g., heroin), were all assessed with single-item questions assessing any use (yes/no)
within the year before the injury. Single item drug screens have been used before in trauma
center settings,[23] and have established reliability and validity when used in general
medical settings.[24] The frequency of heroin, cocaine, amphetamines or other illicit drugs
was low and thus a category of ‘other drug use’ was created and collapsed into any use
(yes/no) at each time point.
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Mental Health—Depressive symptoms since the injury were assessed using the 9-item
Patient Health Questionnaire (PHQ-9) [25] during the initial baseline interview. The PHQ-9
has established reliability and validity for the assessment of depressive symptoms in
adolescents.[26]

First, the representativeness of the population was assessed by comparing the study
population to all eligible trauma patients admitted to the study site during the study time
frame. Next, the frequency of prescription opioid use at each time point was determined for
the study population. The frequency of parent-reported adolescent prescription opioid use in
the year prior to the injury was also determined. The concordance of these answers at the
baseline interview was calculated along with a kappa value to assess the degree of
agreement between adolescents and parents for adolescent prescription opioid use in the
year prior to the trauma injury admission.

To examine predictors of longitudinal prescription opioid use over the 12 months after the
index injury hospital admission, the association between prescription opioid use and
demographics, clinical characteristics, mental health and pre-injury substance use were
examined using a generalized linear mixed-model Poisson regression analysis, in which the
dependent variable was a repeated measurement of prescription opioid use. Specifically, the
repeated measure included prescription opioid use measured pre-injury, at 2-months, 5-
months and 12-months. Univariate analyses were completed in order to determine the
unadjusted risk of the dependent variable associated with each predictor variable. Specific
predictors assessed included each time point, age, gender, race, pre-injury substance use,
baseline depression, baseline pain, ISS and ICU stay. Predictor variables with p < 0.15 in the
univariate or unadjusted analysis were entered into an adjusted, multivariate model.[27]
Individual variables were removed using backwards elimination, excluding the variable with
the highest p value first. Once all variables with p > 0.05 had been removed, the remaining
significant variables and each time point were entered to create a final model. SAS version
9.2 (SAS Institute Inc), and SPSS, version 18.0 (SPSS Inc) were used for all analyses.

Over the study time period, 120 adolescents were recruited and enrolled into the study.
There were no differences in age, sex or ISS between patients enrolled in the study and
eligible adolescents not enrolled in the study that presented for care during the study time
frame. The mean age of study participants was 15.5 years (standard deviation (SD) 1.9),
75% (n=90) were male and 61.7% (n=74) were Caucasian. Almost half of the sample
(47.1%, n=56) stayed in the ICU, the mean ISS was 15.7 (SD 11.3) and 46.2% (n=55) had
an ISS = 16 indicating major trauma. Follow up completion rates over time were 98%
(n=118) at 2-months, 99% (n=119) at 5-months and 98% (n=118) at 12-months. There was
no difference in follow-up rates between the intervention and enhanced usual care (EUC)
arms of the study. Descriptive statistics for all demographics, clinical variables, and pre-
injury mental health and substance use for the sample are depicted in Table 1.
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At baseline, 6.8% of the sample (n=8) reported any prescription opioid use during the 12
months prior to their injury. In over 92% (n=108) of cases, parents and adolescents
concurred that adolescent patients were not using pre-injury opioid medications. In 5% of
cases (n=6), adolescents reported pre-injury prescription opioid use while parents reported
no use (kappa 0.34). Among these six patients, five reported marijuana use, two had other
drug use and all six had used alcohol in the 12 months prior to their injury. Over half the
sample (51.7%, n=62) reported prescription opioid use at the 2-month follow-up while
13.3% (n=16) and 12.5% (n=15) reported prescription opioid use at the 5-month and 12-
month follow-up respectively (Figure 1).

The unadjusted analysis is presented in Table 2. Age was statistically significant, with
increasing age predicting increased risk of prescription opioid use over time (RR 1.11, 95%
Cl 1.00-1.23). All other demographics including race and gender were not significant.
Previous history of trauma, current ISS, and ICU stay were not statistically significant
predictors of prescription opioid use. Pain score at baseline was associated with increased
risk of prescription opioid use over time (RR 1.02, 95% CI 1.01-1.04). All pre-injury
substance use variables including marijuana use, other drug use and problem drinking as
measured by the AUDIT-C were each was positively associated with prescription drug use
over time and the baseline PHQ-9 score for depression at the time of the injury was
associated with prescription opioid use over time (RR 1.03, 95% CI 1.00-1.07).

In the final mixed model regression analysis (Table 3) time was independently associated
with prescription opioid use. Additionally, any pre-injury marijuana use (RR 1.69, 95% ClI
1.09-2.61) and baseline pain score (RR 1.02,95% CI 1.00-1.03) were both independent
predictors of prescription opioid use over time. ISS did not independently predict
prescription opioid use (RR 1.00, 95% CI 0.99-1.02) in this adjusted model.

Discussion

Overall, 13.3% of adolescent patients admitted to the hospital after an injury from a trauma
were taking prescribed opioids five months after their admission and 12.5% of adolescent
patients admitted to this hospital after an injury were still taking prescribed opioids one year
after their trauma admission. While previous studies have documented trajectories of opioid
use after acute pain in adults, this is the first investigation to document sustained
prescription opioid use after an admission for trauma in adolescents. After controlling for
multiple factors, pre-injury marijuana use and baseline pain were both predictors of
sustained prescription opioid use over time.

In previous studies, 6% of adults admitted for surgery reported prescription opioid use six
months after surgery,[10] and opiate-naive adults discharged from the ED with an opioid
prescription were nearly twice as likely to require additional opioid prescriptions within
sixty days compared to those discharged from the ED without an opioid prescription.[6] The
rate of controlled substance prescriptions for adolescents has increased dramatically over the
past several years.[1] Treating acute pain is important and guidelines exist for the treatment
of pain in pediatric patients that have experienced trauma. These guidelines specifically note
that opioids are indicated for moderate to severe pain associated with acute trauma, and that
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early pain management is important.[28] However, in adolescents, prescribed opioids are
often a source of nonmedical prescription opioid use [2, 3] and thus prudent and appropriate
prescribing is important in this population.

Currently, opioids are not recommended for chronic non-cancer pain and practitioners
should consider other treatment modalities for chronic pain especially in populations with
high risk for misuse.[29] Chronic or sustained prescription opioid use has known health
risks and chronic pain is often associated with medical and psychiatric comorbidities.[13]
Chronic opioid use is associated with mental health disorders [11, 30] and substance use.
[12] If providers are able to identify patients at-risk for sustained prescription opioid use
after an injury, these patients can be closely monitored for appropriate use of opioids.
Specifically, patients at risk for prescription opioid use could benefit from care management
or collaborative care protocols initiated at the time of injury focused on linkage to
appropriate outpatient physicians such as primary care and subspecialty pain services.
Coordination of care by acute care providers with primary care providers could help guide
pain management, patient expectations and evaluation by subspecialists as indicated.

In our study, injured adolescents who reported marijuana use prior to their injury had
increased risk of sustained prescription opioid use. Marijuana is currently the most
commonly used illicit substance among adolescents [31] and in this population, risk
behaviors such as drug use and injury tend to co-occur.[32, 33] Additionally, marijuana use
in this age group is associated with increased risk of polysubstance use, including misuse of
prescription drugs.[8, 34] Based on our findings, screening for marijuana use at the time of
injury admission could identify patients at risk for sustained prescription opioid use.
Currently, the American College of Surgeons mandates universal alcohol screening and
intervention for all patients admitted for injuries at Level | and Level Il trauma centers.[35]
Our results suggest that similar screening for drug use in trauma patients would not only
assist physicians in identifying patients with substance abuse problems, but also may
identify adolescents at-risk for sustained prescription opioid use. Moreover, while brief
intervention for drug use has not shown effectiveness in adult outpatient populations,|[36,
37] brief intervention for marijuana use in adolescents in primary care has shown promise.
[38]

Interestingly, participants’ pain scores during the baseline interview (i.e., baseline pain)
predicted sustained opioid use even after controlling for ISS. This finding suggests that
perception of pain is more important than injury severity in predicting sustained prescription
opioid use over time among this population. Among adolescents, it is possible that baseline
pain scores could be related to coping and other pre-injury factors such as mental health. In
the univariate analysis, there was increased risk of sustained prescription opioid use over
time among patients with current depressive symptoms at the baseline interview suggesting
that a component of baseline pain could be related to mental health comorbidity.

Although approximately half of our sample was admitted to the ICU (47%) and had an

Injury Severity Score (ISS) of over 15 (46%), indicating major trauma, neither ISS nor ICU
stays were predictive of longitudinal prescription opioid use after adjusting for other factors.
In previous studies, pain catastrophizing has been associated with continued opioid use after
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an episode of acute pain or surgery,[39, 40] suggesting the presence of psychosocial pre-
injury factors that play an important role in the perception of acute pain which may
contribute to chronic pain and sustained prescription opioid use.

While this investigation provides novel information regarding predictors of sustained
prescription opioid use among adolescents admitted for an injury related to trauma, there are
some important limitations. First, this was a single-site study done at an urban, academic
level | trauma center and the results may not be generalizable to other settings. This was a
secondary data analysis of a randomized control trial and not a cohort design. However,
study arm was accounted for in the analysis and was not statistically significant in the
model. Prescription opioid use was determined using self-reported data on medications
prescribed to the patient, and did not capture number of pills dispensed nor the location the
prescription was written for (e.g., outpatient office, ED). Additionally, this self-report
measure did not capture use of prescription opioids for pain if the opioids were prescribed to
someone else. Parents were not surveyed about adolescent participant prescription opioid
use at 2-month and 5-month time points and thus the self-reported data is derived from
adolescent survey responses. While the kappa was modest, the concordance for no
prescription opioid use was high at over 90%. Additionally, the motivation for prescription
opioid use (e.g., pain, to get high) was not assessed and therefore identifying prescription
opioid misuse was outside the scope of this investigation. The medical diagnosis for which
the opioids were prescribed was not collected, and thus it is unknown if the participant
developed chronic pain from their injuries. Likewise pre-injury pain scores were not
collected, so it is unknown if participants had chronic pain at baseline. Further investigation
regarding the health condition requiring opioid use, and adolescent use of health services to
obtain prescription opioids, is needed. All variables were obtained through self-report
including substance use and therefore it is possible that respondents underestimated or
under-reported their pre-injury use of illegal drugs. Lastly, the sample size was limited.
Therefore it is possible that we were unable to detect significance of some predictor
variables due to the sample size. However the 98% follow-up rate over time and associated
lack of missing data strengthens the validity of the conclusions and findings, and this sample
remains the largest to date investigating longitudinal prescription opioid use in an acutely
injured adolescent population.

In conclusion, one in eight adolescents reported sustained prescription opioid use one year
after admission for trauma. Pre-injury marijuana use and baseline pain score predicted
sustained prescription opioid use over time in this population. The dangers and health risks
of chronic opioid therapy are well documented, and this investigation provides valuable
information regarding predictors of sustained prescription opioid use after a hospital
admission for trauma in adolescents. Physicians should consider risk for sustained
prescription opioid use at the time of injury and work with patients and families to determine
an appropriate pain management plan for each patient irrespective of injury severity.
Screening for substance use including marijuana at the time of injury could help identify
patients at risk for both substance use problems and sustained prescription opioid use after
injury. Future investigations could focus on describing reasons for continued opioid therapy
as well as characterizing prescribing patterns and pain management plans for adolescents
after injury. Additionally, future work could include working with patients and families in
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the hospital for patient-centered pain approaches that take into account substance use and
other comorbidity.
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Figure 1.
Prescription opioid use over time among adolescents admitted to the hospital for injury
(n=120).
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Baseline adolescent characteristics (n=120)

Characteristic %/M(SD)
Age Mean(SD) 155 (1.9)
Female 25.0
Caucasian race 61.7
Number of previous traumas Mean(SD) 2.0 (1.6)
AUDIT-C score for problem drinking Mean(SD) | 1.4 (2.5)
Past-year pre-injury marijuana use 35.8
Past-year pre-injury other drug use 3.3
PHQ-9 score for depression Mean(SD) 7.1(5.3)
McGill Pain score Mean(SD) 8.7 (9.0)
Injury Severity Score Mean(SD) 15.7 (11.3)
ICU stay 47.1
Intentional injury 5.8
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Univariate mixed Poisson regression predicting prescription opioid use over time

Variable

RR (95% CI)

Intervention condition

1.05 (0.71-1.55)

Time
Baseline reference
2 months 8.00 (4.19-15.35)
5 months 2.02 (0.93-4.39)
12 months 1.92 (0.84-4.38)
Age 1.11 (1.00-1.23)

Gender, Female

0.97 (0.60-1.57)

Race
White reference
Hispanic 0.79 (0.31-2.03)
Black 1.03 (0.51-2.07)
Asian 0.53(0.22-1.32

American Indian

0.88 (0.50-1.53)

Previous trauma

1.06 (0.94-1.20)

Unintentional injury

1.08 (0.44-2.65)

Baseline AUDIT-C score

1.09 (1.03-1.15)

Marijuana use at baseline

2.08 (1.44-3.00)

Other drug use at baseline

2.10 (1.53-2.89)

Baseline PHQ-9 score

1.03 (1.00-1.07)

Baseline McGill Pain score

1.02 (1.01-1.04)

Injury Severity Score

1.01 (0.99-1.02)

ICU admission

0.91 (0.62-1.35)

RR = Relative Risk
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Multivariate Poisson regression analysis predicting longitudinal prescription opioid use over time

Variable Relative | 95% Confidence
Risk Interval
Time
Baseline reference | reference
2 month 12.05 5.18, 28.00
5 month 3.22 1.30,7.98
12 month 3.08 1.17,8.10
Age 1.04 0.92,1.17
Gender (female) 0.98 0.63,1.53
Injury Severity Scale (ISS) | 1.00 0.99, 1.02
Marijuana use (pre-injury) | 1.69 1.09, 2.61
Pain score at baseline 1.02 1.00, 1.03
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