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MINI ABSTRACT

This retrospective cohort study examined 5 years of a regional health information exchange
data to assess the relationship between post-discharge outpatient opioid prescriptions and
future substance use disorders or overdoses in injured adolescents. Short-term prescribing
was associated with new substance use disorder diagnoses, while long-term prescribing was
associated with future overdoses.

STRUCTURED ABSTRACT

OBJECTIVE: This study aims to determine if outpatient opioid prescriptions are associated
with future substance use disorder (SUD) diagnoses and overdose in injured adolescents five
years following hospital discharge.

SUMMARY BACKGROUND DATA: Approximately, 1 in 8 adolescents are diagnosed
with an SUD and 1 in 10 experience an overdose in the five years following injury. State laws
have become more restrictive on opioid prescribing by acute care providers for treating pain,
however, prescriptions from other outpatient providers are still often obtained.

METHODS: This was a retrospective cohort study of patients ages 12-18 admitted to two
level I trauma centers. Demographic and clinical data contained in trauma registries were
linked to a regional database containing five years of electronic health records and
prescription data. Regression models assessed whether number of outpatient opioid
prescription fills after discharge at different time points in recovery were associated with a
new SUD diagnosis or overdose, while controlling for demographic and injury
characteristics, as well as depression and PTSD diagnoses.

RESULTS: We linked 669 patients (90.9%) from trauma registries to a regional health
information exchange database. Each prescription opioid refill in the first 3 months after
discharge increased the likelihood of new SUD diagnoses by 55% (OR:1.55, CI:1.04-2.32).
Odds of overdose increased with ongoing opioid use over 2-4 years post-discharge (p=0.016-
0.025).

CONCLUSIONS: Short-term outpatient opioid prescribing over the first few months of
recovery had the largest effect on developing an SUD, while long-term prescription use over
multiple years was associated with a future overdose.
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INTRODUCTION

Exposure to opioids during adolescence is a significant risk factor for developing a future
substance use disorder (SUD)." During this critical period of development, adolescents are
more likely to both try opioids nonmedically for the first time and are at the peak risk for
becoming dependent on opioids between ages 14 and 16.7* An injury or surgical procedure,
which often involves both physical and psychological recovery, is frequently an adolescent
patient’s first exposure to opioids.”” Additionally, studies have shown that injured
adolescents are 56% more likely than uninjured adolescents to develop an SUD within 3
years of their injury.® Further, 1 in 8 adolescents hospitalized for injury are diagnosed with an
SUD and 1 in 10 experience an overdose (OD) within 5 years of their injury.” This indicates
that the adolescent trauma population is more vulnerable to SUD, however, it is uncertain
whether this is due to exposure to trauma itself, how the injury is managed, or an inherent
difference between the population of adolescents who sustain injuries and those who do not.

The link between developing an SUD and outpatient opioid prescribing following traumatic
injury has not been established in the adolescent population. Prior studies have reported that 1
in 8 adolescents were still using prescription opioids 12 months after hospital discharge for
injury.” Opioids are often prescribed by an emergency medicine physician or surgeon with
the goal of short-term pain management.''* However, acute care providers may be unaware
when patients request additional opioid prescriptions from outpatient providers.'* Further,
providers may not know if a patient needs additional assessment and referral to treat ongoing
psychological effects of injury."> Focusing on short-term pain management and physical
functioning by acute care providers, who are most knowledgeable about a patient’s injury,
may make adolescents susceptible to requesting or inappropriately obtaining unnecessary
pain medication from other providers or family members and misusing opioids to manage
psychological symptoms of trauma, such as sleep disturbances or anxiety, which are

prevalent after injury.®'¢°

This study aims to determine if outpatient opioid prescriptions are associated with future
SUD diagnosis or OD in the 5-year period following hospital discharge. Understanding the
association between opioid prescribing after injury and SUD development is important in that
providers can modify how pain is treated post-discharge, both through prescribing and
communication with outpatient providers who provide ongoing care.

METHODS
Data Source

This retrospective study was approved by the Indiana University Institutional Review Board
prior to data acquisition. Our cohort consisted of 736 patients ages 12-18 admitted for trauma
from 2011-2013. Two trauma centers contributed data, including the only level 1 pediatric
trauma center in the state as well as an adult level 1 center. We examined up to 5 years of
regional health information exchange records containing data on prescription drug and health
service utilization (minimum length of follow-up was 53 months and 78% of the sample had
complete 5 year follow-up). Demographic and clinical data contained in the trauma registries
were linked to the Regenstrief Institute’s Indiana Network for Patient Care (INPC), which
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contains data on prescription fills and healthcare encounters across the state.”'** ICD-9 and
10 codes associated with inpatient, outpatient, and emergency department encounters were
used to collect diagnosis information on patients for up to five years following hospital
discharge for injury. The INPC contains prescription data filled by hospital pharmacies as
well as from Surescripts, which includes data on prescriptions filled by major pharmacy
chains such as Walgreens, CVS, and Rite Aid, among others.”

Variables

The primary independent variable was total number of outpatient opioid prescriptions filled
post injury. Prescriptions filled by hospital pharmacies that were designated as outpatient as
well as prescriptions filled by commercial pharmacies were categorized as outpatient
prescriptions. The primary outcome variables were substance use disorder (SUD) and
overdose (OD) diagnoses. We also examined mental health diagnoses including depression,
anxiety, and PTSD. Diagnoses were based on ICD-9 and 10 codes associated with inpatient,
outpatient, and emergency department encounters during the follow-up period. Due to data
restrictions in the INPC research database, procedure and psychiatric diagnosis codes are not
always linked to specific encounters. This is due to the fact that some health systems that
contribute data do not allow for identifiers such as dates to be released for research purposes
or mental health treatment data, which has additional privacy protections. In order to obtain
this information, Regenstrief data brokers flagged cases with new onset mental health
diagnoses post-discharge, although we did not have information on date of diagnosis or
setting. They also included subsequent surgical procedures as a dichotomous variable for
cases. Finally, we included demographic and injury data from the trauma registries including
age, race, insurance status, rural/urban county of residence, injury severity score (classified as
less than 15 or over 15), and injury mechanism (blunt, penetrating, or other). (Figure 1)

Analysis

Descriptive statistics of means and frequencies were calculated for demographic, outpatient
prescription, and diagnostic outcomes of the cohort. We compared the mean number of
outpatient opioid prescriptions in patients with and without diagnoses for SUD, OD,
depression, PTSD, anxiety, and chronic pain using t-tests and ANOVA. In variables with
more than one level, Bonferroni adjustments were applied and pairwise comparisons were
made. All tests were two-sided and alpha was set and 0.05.

We used multivariable logistic regression to determine the odds of being diagnosed with
SUD or OD based on the number of outpatient opioid prescriptions filled at 3, 6, 12, 24, 36,
and 48 months. Separate models examining the total number of outpatient opioid
prescriptions up to each time point were created. This allowed us to compare how the
frequency and duration of opioid prescribing influenced SUD and OD outcomes. Models
adjusted for age, race, injury severity, injury mechanism, insurance status, and residing in a
rural or urban county at the time of injury. The models also included whether the patient
underwent any surgical procedure or was diagnosed with depression or PTSD in the 5 years
following discharge after hospitalization for injury. A diagnosis was considered present if at
any point the patient had received a new diagnosis during the follow-up period, regardless of
whether the model was examining the effects of opioid prescriptions at a shorter time point.
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RESULTS

A total of 736 patients ages 12 to 18 who were admitted for trauma from 2011-2013 and
discharged from the trauma service line alive were initially included in our cohort. The cohort
has been described in previous publications.” Overall patients were predominantly white
(70.5%), male (74.2%), were privately insured (43.8%), and lived in urban counties (58.4%).
Approximately 85% of patients had an injury severity score below 15 and 18.1% experienced
penetrating trauma. Over half of patients had a hospital length of stay of two days or more
(53.8%) and 83.6% were discharged home with no services. (Table 1)

Prior to linking the cohort to the regional health information exchange, we further examined
the data and excluded 23 patients who died after being discharged to another inpatient service
line. We were able to link 669 patients (93.8%) to prescription drug data in the INPC, with
82.2% having data on opioid and/or non-opioid outpatient prescriptions (82 patients only had
inpatient pharmacy prescription data from their initial hospitalization). This resulted in a final
sample size of 587 patients. In the first month after discharge, 95.1% of patients filled at least
1 outpatient opioid prescription and 27.1% of patients received 2 or more opioid fills in the
first three months after hospital discharge. Only 3.2% of patients had no outpatient opioid
fills in the first three months after discharge. In the years following injury, approximately
35%, 17%, 15%, and 13% had 2 or more new outpatient opioid prescriptions per year (at 12,
24, 36, and 48 months). Only injury severity was associated with a greater mean number of
opioid fills across the study period. (T able 2)

In a previous paper, we reported that 13.8% of patients had a diagnosis for substance use
disorder in the 5 years following their injury.” Additionally, 7.6% had a diagnosis for
overdose and 10.8% received an opioid antagonist injection during an emergency department
encounter. We also found that approximately 6%, 2%, 11%, and 4% were diagnosed with
depression, PTSD, anxiety, and chronic pain, respectively.” Approximately 2.2% of patients
had a pre-existing diagnosis for either SUD, anxiety, depression, or PTSD. Patients with pre-
existing diagnoses were still flagged as developing a new onset mental health condition if
they received a diagnosis for a condition they did not have prior to injury. Patients with post-
injury onset SUD, OD, and chronic pain diagnoses had a higher mean number of outpatient
opioid prescriptions at nearly all time points. Patients with a new diagnosis of depression had
a higher number of opioid prescriptions in the first three months after discharge, whereas
patients with PTSD had a higher number of opioid fills at 6 and 12 months after discharge.
Patients with post-injury anxiety diagnoses had a higher mean number of outpatient opioid
fills at 6, 12, and 48 months. (Table 3)

Logistic regression analyses examined whether the total number of outpatient opioid

prescriptions were predictive of SUD and OD outcomes. Separate models were run for each
outcome examining the effect of total outpatient prescription opioid fills at 3, 6, 12, 36, and
48 months, while controlling for age, gender, race, insurance status, ISS, injury mechanism,
rural/urban county of residence, and whether the patient had surgery. SUD models’ ¢

statistics ranged from 0.782-0.792 and the OD models’ c statistics ranged from 0.841-0.854.
Each prescription opioid fill in the first 3 months after discharge increased the likelihood of
SUD diagnosis by 55% (OR:1.55, CI:1.04-2.32). Total opioid fills at 6 and 12 months were
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not associated with SUD, however total fills at 24, 36, and 48 months increased the likelihood
of SUD diagnosis (p=0.065, 0.066, <0.001, <0.001, and 0.004, respectively). Odds of OD
were increased with each opioid refill at 24, 36, and 48 months (OR: 1.43, CI:1.07-1.90;
OR:1.32, CI:1.05-1.66; and OR:1.19, CI:1.02-1.38, respectively). There was no association
between outpatient opioid fills at 3 or 12 months. (Figure 2) Our models found several
significant factors across SUD models and overdose models. For SUD specifically, we found
undergoing additional surgery (OR 2.22-2.32, p 0.003-0.005), lower ISS score (OR 2.68-
2.96, p 0.024-0.033), and living in a metro county (OR 2.37-2.46, p 0.008-0.010) increased
the likelihood of SUD in all models (lowest and highest OR and p values indicated). Younger
age at the time of injury (OR 0.47-0.48, p 0.01 all models) and being female (OR 0.42-0.48, p
0.021-.0.039) decreased the likelihood of SUD. PTSD (OR 4.97-5.89, p 0.020-0.031) and
depression (OR 3.37-3.72, p 0.004-0.008) both increased the likelihood of SUD in all models.
Race and insurance type were not associated with SUD outcomes in any model after
controlling for rural/metro county. In the overdose models, surgery (OR 4.42-4.48, p <0.001
in all models), metro county (OR 2.56-2.77, p 0.047-0.051), and depression (OR 4.03-4.55, p
0.003-0.006) increased the likelihood of overdose. Younger age decreased the likelihood of
overdose (OR 0.43-0.45, p 0.04-0.05). Race, gender, injury severity, insurance type, and
PTSD were not significantly associated with overdose.

Because patients who underwent additional surgery had a consistently higher likelihood of
developing an SUD, we performed subgroup analyses on surgical and non-surgical patients.
Because of the decrease in sample size, we controlled for race, gender, age, county, and
injury severity in each model. We found that a higher number of outpatient opioid
prescriptions increased the likelihood of SUD in non-surgical patients, but had no effect in
surgical patients. (Table 4).

DISCUSSION

Our study found that the number of outpatient opioid prescriptions filled during an adolescent’s acute
recovery period from injury is predictive of developing a substance use disorder. In the first three
months after injury, each additional outpatient opioid prescription increased the risk of developing an
SUD by 55%. We also found that adolescent patients who fill prescription opioids for multiple years
are more likely to experience an overdose. This is consistent with previous literature indicating that
there is evidence of a dose response in adolescents, where taking 40 or more nonmedical opioid doses
increases the likelihood of using heroin by 8700%.>** A single exposure to an opioid can elicit
changes in the brain and 30 days of continuous opioid use has been shown to result in permanent
brain changes.?® Therefore, limiting prescribing to reduce prescription misuse and nonmedical use in
injured adolescents may be one way to reduce SUD in this high risk trauma subpopulation.

Studies in adults have indicated that the probability of refilling prescription opioids is not correlated to
the amount and strength of opioids initially prescribed after surgery.”” However, prolonged opioid use
has been shown to be associated with other patient factors, such as younger age, lower income,
chronic pain, and mental illness.”**' Additionally, most adolescents using opioids nonmedically report
first being prescribed opioids by a doctor.”” This suggests that a substance use disorder may develop
after initially being treated for an injury, however, psychosocial factors and management of trauma

post-discharge can likely increase or decrease the risk of developing an SUD. "
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Considering most state laws have reduced the amount of opioids that can be prescribed by acute care
providers, their role in reducing substance use in adolescent patients may go beyond limiting opioid
prescriptions.®® For example, improving the transfer of information around a patient’s injury severity
and recovery time, expected amounts of pain medication that should be needed, and education on the
importance of assessing psychological effects of injury may help caregivers and other outpatient
providers deliver better care to adolescents after trauma and reduce their risk of substance use
disorder.*® Additionally, post-discharge efforts to improve surveillance of substance disorders, PTSD,
and depression in trauma centers has grown recently.’”® Improving the care transition of adolescent
trauma patients by screening for psychological symptoms of trauma, educating their family members
on appropriate pain medication usage, and connecting them to mental health providers or center-based
interventions could also improve the long-term outcomes of patients.*

A major limitation of this study is that date information is not available for all variables and therefore
longitudinal regression could not be applied. We attempted to address this by performing separate
models looking at prescribing at different time points to assess whether pain management at the time
of the injury impacts outcomes the same way as opioid prescribing beyond the acute recovery period,
which likely takes place under the care of different providers. Additionally, although we are able to
link the majority of patients in the trauma registry data to the INPC, we are unable to determine an
exact denominator for outcome variables. The INPC is most complete in the central part of the state
and therefore it is possible that patients from areas where fewer providers contribute data are more
likely to be missing. Our study also does not have detailed information on prescribers available. We
were unable to determine how many and what type of providers are prescribing opioids to adolescents
in the outpatient setting. Our pharmacy data also contained information on the type of drug
prescribed, however, a large number of pharmacy encounters did not include the strength of the
medication, only the drug name, number of tablets, and instructions for use. We also examined opioid
fills, which may not have been taken by the patient or they could have been diverted to other friends
of family members. We assume most patients requesting refills do so because they have taken all of
their previous medication, however it is possible medication was not used or diverted. Further, we do
not know if patients in this cohort received prescription drugs from other members of their household
or friends. We also do not know if they used any illicit drugs, which would increase the likelihood of
SUD and overdose. Finally, it is important to note that the development of SUD is multifactorial and
there are many psychosocial factors we were unable to account for using electronic health record data,
particularly motivation for using prescription opioids.

CONCLUSION

Overall, short-term outpatient opioid prescribing was the strongest predictor of developing a
substance use disorder. Each refill in the three months following hospital discharge increases
the likelihood of developing an SUD by 55%. In contrast, long-term outpatient opioid
prescribing was predictive of experiencing an overdose, with the cumulative number of fills
reaching significance two years post-injury. Future studies would further understanding on
how trauma relates to the development of SUD by examining populations from other states
and include patient data on social and genetic risk factors for substance use.
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FIGURE LEGENDS

Figure 1. Study Variables Available by Timepoint. Outcome variables included substance
use disorder or overdose diagnosis after discharge. Independent variables included the
number of outpatient opioid fills post-discharge. AA — African American, ISS — Injury
Severity Score, PTSD — Posttraumatic Stress Disorder, HIE — Health Information Exchange,
Dx — Diagnosis.
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TABLES
Table 1. Cohort Characteristics, n=736 (%)

Age, mean 14.55
Gender

Male 74.2%

Female 25.8%
Race

White 70.5%

Black 22.9%

Other/Unknown 6.6%
County

Urban 58.4%

Rural 41.4%
Injury Type

Blunt 75.1%

Penetrating 18.1%

Other 6.8%
Injury Severity

Minor/Moderate 85.3%

Major 14.7%
Routine Discharge 83.6%
Length of Stay

<2 Days 44.9%

2-7 Days 42.9%

Week or More 10.9%
Insurance Status

Medicaid 36.3%

Self-pay 19.1%

Private 43.8%
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Table 2. Mean Outpatient Opioid Rx Fills by Patient Demographic and Injury Characteristics

Mean Total Fills
3 6 12 24 36 48
Month Mont Mont Mont Mont Mont
S hs hs hs hs hs

Age 12to 15 1.28 1.32 1.42 1.59 1.75 190
16 to 18 1.30 1.40 1.53 1.71 1.88  2.19*

Gender Female 1.31 1.38 1.50 1.74 1.94  2.15
Male 1.28 1.35 1.45 1.60 1.74 1.96

Race White 1.30 1.37 1.48 1.68 1.83  2.01
Black 1.23 1.29 1.39 1.50 1.66 2.02

Other or Unknown  1.30 1.33 1.45 1.64 188 2.00

County of Residence Rural 1.32 137 148 1.65 1.77 198
Metro 1.27 1.35 1.45 1.63 1.81 2.02

Insurance Medicaid 1.32* 1.38 1.50 1.69 1.85 2.09
Private 1.29 1.35 1.45 1.60 1.76  1.93

Self-pay 1.28 1.38 1.47 1.70 1.87  2.09

Injury Severity Mild/Moderate 1.26 131 141 160 1.77 197
Major 148 1.63* 1.77* 189 2.01 235

Injury Mechanism Blunt 1.28 1.34 145 1.65 1.81 2.01
Penetrating 1.33 1.44 1.53 1.59 1.74  2.10

Tests of ANOVA adjusted for all pairwise comparisons using the Bonferroni Correction.
Significant differences are in bold with the higher value indicated by an asterisk.

Table 3. Mean Outpatient Opioid Rx Fills by Diagnosis Outcomes

Mean Total Fills

3 p 6 P 12 P 24 p 36 P 48 p
Month  valu Mo valu Mo  val Mon  val Mo  val Mo valu
S © nths e nths  ue ths ue nths  ue nths e
Substa
nce
Use
Disord <0.0 1.3 0.00 14 0.0 1.58 04 1.7 0.0 1.9  0.00
er No 1.26 01 3 1 3 05 498 74 3 16 2 3
Ye 1.5 1.6 1.97 2.2 2.5
S 1.43 0 4 5 1 6
Overdo 0.02 1.3 0.00 14 <0 0.0 1.7 0.0 1.9  0.00
se No 1.28 8 4 4 4 01 1.60 15 5 04 4 7
Ye 1.5 1.7 2.3 2.8
s 1.39 5 5 2.09 2 0
Depres 0.02 1.3 0.08 14 07 0.0 1.7 07 1.9 0.14
sion No 1.27 5 4 4 4 58 1.62 85 6 39 6 6
Ye 131 1.6 1.7 2 2.2 2.7
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0.06 1.3 <0.0 1.4 00 0.0 1.7 0.1 1.9 026
PTSD No 1.28 1 4 01 5 01 1.62 96 8 22 9 6
Ye 2.0 2.1 2.6 3.0
s 1.67 8 7 2.50 7 8
Chroni 0.01 1.3 003 1.4 0.1 0.2 1.7 0.0 1.9 <0.0
¢ Pain No 1.28 3 5 4 5 65 1.62 34 7 41 5 01
Ye 1.4 1.7 2.3 32
s 1.38 6 1 2.13 8 1
Anxiet 0.23 1.3 0.00 1.4 00 0.0 1.7 0.1 1.9  0.00
y No 1.29 1 8 6 5 34 1.62 93 7 10 5 1
Ye 1.3 1.5 2.0 2.4
s 1.27 9 2 1.79 2 7

Table 4. Comparison of Odds of SUD between Patients Undergoing Additional Surgery
Post-discharge and Patients Not Undergoing Additional Surgery

Non-Surgical Patients Surgical Patients
Total Opioid Rx Fills OR P OR P
3 Month 2.61 0.008 1.22 0.359
6 Month 1.92 0.044 1.18 0.371
12 Month 1.64 0.074 1.17 0.315
24 Month 1.69 0.004 1.24 0.115
36 Month 1.48 0.004 1.19 0.111
48 Month 1.35 0.005 1.22 0.359
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