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Objectives:Adolescents and young adults are at high risk for opioidmisuse and abuse. The emergency department
(ED) plays a key role in treatment of acute and chronic pain and is a primary place that this patient population is
exposed to prescription opioids.We evaluate the effect of patient age on use of opioids for adolescents and young
adults in community EDs.
Methods: Retrospective cohort study of adolescent and young adult encounters in 14 community EDs from 2013
to 2014. We evaluate the percent of ED encounters with parenteral and/or oral opioids administered, morphine
milligram equivalents per ED patient encounter, and percent of patient encounters discharged with an opioid
prescription. Agewas themain exposure. The association between outcomes and agewas examined using bivar-
iate and multivariate logistic regression adjusting for measurable confounders.
Results: There were 259,632 adolescent and young adult encounters in our sample, average age 17.6 years, with
15.8% given opioids. Increasing patient agewas associatedwith a significant increase in the percent of encounters
with opioids given (AOR, 1.11; 95% CI 1.10–1.11), morphine milligram equivalents administered (β 0.38; 95% CI
0.33–0.43 for parenteral and β 0.26; 95% CI 0.23–0.28 for oral), and percent of patients receiving outpatient pre-
scriptions (AOR, 1.14; 95% CI 1.13–1.14). Significant variability also existed betweenmedical centers (AOR, 2.02;
95% CI 1.86–2.20).
Conclusion: For adolescent and young adult patients in the ED, there is a significant association between opioid
prescribing and increasing age. This describes an opportunity to reduce opioid use in older adolescents and
young adults.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

The United States is now firmly entrenched in an epidemic of opioid
abuse and overdose. Adolescent and young adult patients have experi-
enced dramatic increases in exposure to opioids for the treatment of
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acute and chronic pain [1,2]. Recent data show that 17.6% of high school
seniors have received a prescription for opioids [3], and that exposure to
these legitimate prescriptions can put youth at risk for future misuse.
This can be true even among adolescents who otherwise have low risk
for drug abuse or those who strongly disapprove of illegal drug use [4-
7]. Adolescents who self-report medical and nonmedical use of pre-
scription opioids were more likely to report that the medical use came
prior to the nonmedical use [8], and 80% of teenagers that use opioids
illicitly reported using remaining opioid prescriptionmedication [4]. Ul-
timately, nearly 1 in 10 acknowledge misusing opioids [4,9], making
prescription opioids the second most commonly abused substances by
adolescents and young adults, surpassed only by marijuana [10].

Adolescents and young adults have been reported to sell, trade, or
give away their prescription medications [11,12]. More than one-third
of prescribed analgesics have reportedly been diverted by students
[13], in addition to themisuse of old prescriptions [3,14] and themisuse
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of prescriptions of peers [15]. Baseline opioid use has also been shown
to be associated with suicidal ideation and suicide attempts at follow-
up [16].

This rise in use and misuse of prescription opioids has led to a dra-
matic increase in emergency department (ED) visits and hospitalization
for overdose [17]. Accidental ingestion of opioids by younger children
and intentional overdose by adolescents and young adults is a signifi-
cant issue leading to thousands of hospitalizations per year, with the
majority of patients reporting that they obtained the medication in
their own home, often in the form of leftover prescriptions [18-21].

Therehas been a call for research to help guide physicians in balancing
the need for opioids in the acute ED setting with the risk of these adverse
consequences [22]. For adolescents and young adults, EDs are a major
source of first time opioid prescriptions [23]. Studies have shown that ad-
olescents received an opioid medication as a discharge prescription in
roughly 12% of all ED visits, between 14 and 23% of pain-related ED visits,
andbetween5 and30%of visits related to headacheormigraine [1,24,25].
However, within the adolescent and young adult population treated in
EDs, it is not knownwhen opioid administration and prescribing acceler-
ates, specifically with respect to the administration of parenteral opioids
as a treatment in the ED. Parenteral opioids are known to increase eu-
phoric effects [26,27]. This could have a significant impact on the risk of
future misuse and abuse. The goals of this investigation are to examine
factors associated with opioid administration in the ED and prescriptions
from the ED to adolescents and young adults in a large managed care
health system. We examine patient level factors associated with in-
creased risk for exposure to parenteral and oral opioids during the ED
visit, and higher probability of receiving an opioid prescription at ED dis-
charge. Additionally, for patients who received opioids, we determine
how age affects the dose administered. Finally, we explore facility level
variation in opioid administration and prescriptions.

2. Methods

2.1. Study design

We conducted a retrospective cohort study to evaluate opioid pre-
scribing patterns from January 1, 2013 to December 31, 2014 in 14 com-
munity EDs within an integrated health delivery system, Kaiser
Permanente Southern California (KPSC).

2.2. Study setting and population

KPSC provides health care to over four million members and study
EDs see an annual volume of patients ranging from 25,000 to 90,000, to-
taling about 900,000 visits per year. Of these ED visits, approximately
19% are pediatric and 70–80% are health plan members.

2.3. Study protocol

All patients 10 to 23 years of age that visited a KPSC ED between Janu-
ary 1, 2013 and December 31, 2014 were included in the study. We used
the age range of 10 to 23 years to define our population in order to follow
the trendof opioid use across a broader age continuumthat can share sim-
ilar developmental and societal roles (http://apps.who.int/adolescent/
second-decade/section2/page1/recognizing-adolescence.html).

2.4. Measurements

The primary interest was age at ED visit, assessed as a continuous var-
iable. The outcomes of interest were opioids given at ED visit (total, par-
enteral, and oral), morphine milligram equivalents (MME) of opioid
administered (parenteral and oral), and opioid prescription at discharge.
In addition, various patient and encounter variables were included for
analysis: race/ethnicity; gender; insurance status; emergency depart-
ment; primary diagnosis of ED visit; Emergency Severity Index given at
triage; and disposition. The Elixhauser comorbidity index was used for
risk adjustment of any chronic medical conditions [28]. We also created
a new ED opioid prescribing variable to adjust for any changes in opioid
prescribing after implementation of an ED opioid recommendation
adopted by our study EDs in January 2014 [29].

All datawere obtained fromKPSC's electronicmedical recordswhich
include information about health plan membership, health care utiliza-
tion, diagnoses, pharmacy, and all clinical data captured as part of the
electronic health record documentation. Patients in the opioid cohort
were identified based on the pharmacy database, specifically use of par-
enteral hydromorphone, morphine sulfate, fentanyl, or meperidine as
well as oral oxycodone, hydrocodone, morphine, codeine, and
hydromorphone prescribed by an emergency physician.

To evaluate the use of opioids across different diagnoseswe used the
Clinical Classifications Software for International Classification of Dis-
ease, 9th revision (ICD-9-CM). As noted on the website (https://www.
hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp#download), the ICD-9-
CM's codes are collapsed into a smaller number of clinically meaningful
categories. The calculation for morphine equivalents was based on pre-
viously established methods [30-32].

2.5. Data analysis

The distributions of demographic and clinical characteristics of the
study cohorts were stratified by those prescribed opioids during the
ED visit and thosewhowere not; differenceswere assessed using bivar-
iate generalized estimating equations (GEE) regressionwith logistic dis-
tribution accounting for correlations amongmultiple encounters for the
same patient. The associations between an opioid prescription and age
were evaluated using these same methods. Predicted percentage of ED
encounters receiving an opioid prescription per age was plotted based
on the adjusted GEE logistic regression using age as a continuous vari-
able. Identical analyses were performed for parenteral opioid prescrip-
tion and oral opioid prescription.

Next, we examined whether the prescribed MME was associated
with age at ED visit. This was evaluated using bivariate and multivari-
able general mixed models treating age as a continuous variable. Pre-
dicted MME of oral opioids by age was plotted. The analyses were
repeated for MME of parenteral opioid among those with parenteral
opioid prescribed at the ED visit. The MME was adjusted for patient
weight. Theweightmeasuredwithin sixmonths of the EDvisit and clos-
est to ED visit was used (most are from the same ED encounter). If no
weight was recorded within 6 months of ED visit (approximately 4%
of encounters), the missing value was replaced with the mean weight
conditional on age and gender in our study sample.

To evaluate the association between an opioid prescription at dis-
charge and age, we restricted the study cohort to patients with Kaiser
insurance and those that were discharged home from the ED. We lim-
ited our outpatient prescription analysis to Kaiser members because
our data set does not accurately capture outpatient prescriptions for
those with different insurance. Again, the associations were examined
using bivariate and multivariable GEE logistic regression adjusting for
all patient encounter and facility variables. Predicted percentage of dis-
charge prescriptions by age was plotted based on the multivariable GEE
logistic regression using age as a continuous variable. All analyses were
conducted using SAS version 9.3, Cary, North Carolina, USA.

This studywas approved by theKaiser Permanente Southern Califor-
nia Institutional Review Board according to the declaration of Helsinki
and federal regulations. Consent was waived.

3. Results

3.1. Demographic and clinical characteristics

There were 259,632 encounters included for patients aged 10 to
23 years with a mean age of 17.6 (3.9 SD) years, 55% were female.
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Table 1
Demographics and clinic characteristics for emergency department encounters with ado-
lescent and young adult patients stratified by those who did and did not receive opioids.

With opioid
prescription

Without
opioid
prescription

P-value⁎

(N =
41,017)

(N =
218,615)

Age at ED visit, mean (SD) 18.8 (3.44) 17.4 (3.92) b0.001
Age, n (%a) b0.001

10–13 3893 (9.5%) 44,579
(20.4%)

14–17 8845
(21.6%)

59,759
(27.3%)

18–21 17,027
(41.5%)

73,553
(33.6%)

22–23 11,252
(27.4%)

40,724
(18.6%)

Gender, n (%a) b0.001
Female 24,179

(58.9%)
118,549
(54.2%)

Male 16,838
(41.1%)

100,066
(45.8%)

Race/ethnicity, n (%a) b0.001
Asian/Pacific Islander 1344 (3.3%) 9360 (4.3%)
Black 4958

(12.1%)
25,847
(11.8%)

Hispanic 19,061
(46.5%)

100,423
(45.9%)

White 8477
(20.7%)

38,112
(17.4%)

Other/multiple/unknown 7177
(17.5%)

44,873
(20.5%)

Insurance, n (%) b0.001
Non-Kaiser 12,553

(30.6%)
72,794
(33.3%)

Kaiser Permanente 28,464
(69.4%)

145,821
(66.7%)

Emergency Severity Index (given at triage),
n (%a)

b0.001

1 14 (0%) 57 (0%)
2 1513 (3.7%) 9404 (4.3%)
3 30,711

(74.9%)
105,759
(48.4%)

4 8670
(21.1%)

99,072
(45.3%)

5 109 (0.3%) 4323 (2%)
Primary diagnosis, n (%a) b0.001

Infectious and Parasitic Diseases 588 (1.4%) 4332 (2%)
Neoplasms 114 (0.3%) 144 (0.1%)
Mental illness 309 (0.8%) 14,452

(6.6%)
Disorders of the nervous system and
sense organs

3180 (7.8%) 17,689
(8.1%)

Diseases of the GI and GU system 11,125
(27.1%)

24,856
(11.4%)

Complications of pregnancy, childbirth,
and the puerperium

1224 (3%) 9094 (4.2%)

Diseases of the skin and subcutaneous
tissue

907 (2.2%) 7232 (3.3%)

Diseases of the musculoskeletal system
and connective tissue

2131 (5.2%) 9492 (4.3%)

Injury and poisoning 10,517
(25.6%)

62,479
(28.6%)

Symptoms including syncope, fever,
abdominal pain, and malaise

7392 (18%) 31,088
(14.2%)

Diseases of the respiratory and
cardiovascular symptoms

2525 (6.2%) 34,249
(15.7%)

Other 1005 (2.5%) 3508 (1.6%)
Elixhauser comorbidity index, n (%a) b0.001

0 19,856
(48.4%)

112,477
(51.4%)

1 11,813
(28.8%)

68,779
(31.5%)

2 or above 9348
(22.8%)

37,359
(17.1%)

Disposition, n (%a) b0.001
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Characteristics of the study sample are given in Table 1. Overall 15.8%
(41,017 of 259,632) received opioids during their ED encounter. Of
these, 74.2% (30,447 of 41,017) received a parenteral opioid and 30.2%
(12,405 of 41,017) received an oral opioid.

On multivariable analysis, multiple factors were found to be inde-
pendently associated with differential odds of being administered any
opioid during the ED encounter (Table 2). Male gender was associated
with decreased odds of receiving opioids, while white race was associ-
ated with modestly increased odds (AOR, 0.95; 95% CI, 0.92–0.97 and
AOR, 1.13; 95% CI, 1.08–1.17). Patients with higher triage categories
(AOR, 3.08; 95% CI, 2.99–3.18), a higher comorbidity index (AOR, 1.09;
95% CI, 1.04–1.14), and those admitted to the hospital (AOR, 4.66; 95%
CI, 4.47–4.87), were also more likely to receive opioids. Patients with
musculoskeletal disease (AOR, 4.08; 95% CI, 3.81–4.38), injury (AOR,
3.86; 95% CI, 3.67–4.06), and neoplasms (AOR, 3.58; 95% CI,
2.64–4.84) were more likely to receive opioids, while patients with
mental illness (AOR, 0.26; 95% CI, 0.23–0.29)were less likelywhen com-
pared to those presenting with a baseline group of cardiovascular and
respiratory illness. In addition, we observed significant variation be-
tween medical centers with a greater than twofold higher odds of opi-
oid administration between the lowest and highest prescribing EDs
(AOR, 2.02; 95% CI, 1.86–2.20).

3.2. Predicted probability of opioid use per age

Patient age was significantly associated with opioid administration
during the ED encounter, for total opioid use (AOR, 1.11; 95% CI,
1.10–1.11) (Table 2) and in the parenteral and oral subgroups (AOR,
1.11; 95% CI, 1.10–1.12; AOR, 1.08; 95% CI, 1.07–1.09, respectively)
(data not shown). The adjusted probability of receiving an opioid in
the ED increased every year based on patient age (10 years 7.0% to
23 years 22.6%), a result of increases in both parenteral (4.4% to
17.7%) and oral opioids (2.9% to 6.2%) (Fig. 1). TheMMEdose also signif-
icantly increased each year from 3.46 at 10 years to 8.31 at 23 years for
parenteral (β 0.38; 95% CI 0.33–0.43), and from 4.63 at 10 years to
8.56 at 23 years for oral (β 0.26; 95% CI 0.23–0.28) (Table 3) (Fig. 2).
Lastly, the predicted probability of outpatient prescriptions per age
(Fig. 1) also showed a significant increase from an average of 5.0% of en-
counters receiving an outpatient prescription at 10 years of age to 19.0%
at 23 years of age, with a significant increase noted yearly (AOR, 1.14;
95% CI, 1.13–1.14) (Table 2).

3.3. Milligram of morphine equivalents administered in the ED

When administered, the mean (SD) oral and parenteral dose of opi-
oids in MMEs administered was 7.2 (SD 4.7) and 7 (SD 14.3), respec-
tively. Table 3 shows the results of the multivariable linear mixed
model with MME administered as the outcome. Female patients on av-
erage received 0.88 (95%CI: 0.52–1.23)more parenteralMMEs and 0.43
(95% CI 0.26–0.59)more oralMMEs thanmale. ComparedwithHispanic
patients, Black patients received higher doses of opioids (β 2.02; 95% CI
1.47–2.57 and β 0.39; 95%CI 0.13–0.65 for parenteral and oral, respec-
tively). Patients with a higher comorbidity index and those admitted
to the hospital received higher doses of opioids.

3.4. Factors associated with receiving an outpatient opioid prescription
from the ED

This subgroup analysis was restricted to Kaiser insurance members
that were discharged to home (to allow for tracking of prescriptions),
which comprised 63.1% (163,920 of 259,632) of the total group. Overall,
11.7% of all patient encounters, including both pain and non-pain re-
lated encounters, had an associated outpatient opioid prescription. Fac-
tors associated with higher odds of receiving an outpatient prescription
for opioids, in addition to age discussed above, included White race
more likely than Hispanic (AOR, 1.11; 95% CI, 1.06–1.15) and higher



Table 1 (continued)

With opioid
prescription

Without
opioid
prescription

P-value⁎

(N =
41,017)

(N =
218,615)

Discharge to home 33,206
(81.0%)

204,668
(93.6%)

Admit to acute care 7383
(18.0%)

6558(3.0%)

Other 428(1.0%) 7389(3.4%)
Institution of new narcotic guideline, n (%a) b0.001

No 20,941
(51.1%)

106,593
(48.8%)

Yes 20,076
(49.0%)

112,022
(51.2%)

Medical center, n (%b) b0.001
ED 1 21,837

(87.4%)
3160
(12.6%)

ED 2 25,163
(83%)

5142 (17%)

ED 3 25,534
(84.4%)

4735
(15.6%)

ED 4 15,480
(85.3%)

2674
(14.7%)

ED 5 10,596
(79.4%)

2752
(20.6%)

ED 6 13,635
(82.8%)

2833
(17.2%)

ED 7 9410
(83.9%)

1804
(16.1%)

ED 8 12,308
(82.7%)

2579
(17.3%)

ED 9 13,888
(83.7%)

2708
(16.3%)

ED 10 10,604
(84.2%)

1997
(15.8%)

ED 11 21,688
(84.1%)

4104
(15.9%)

ED 12 13,795
(83.7%)

2681
(16.3%)

ED 13 16,288
(86.8%)

2467
(13.2%)

ED 14 8389
(85.9%)

1381
(14.1%)

⁎ Descriptive statistics are based on encounter level data, while P-value is from uni-
variate mixed logistic regression accounting for correlation of multiple encounters for the
same patient.

a Row percentage within each column.
b Column percentage within each row.

Table 2
AdjustedOdds Ratio from logistic regression for overall (parenteral and oral) opioid use in
the emergency department and outpatient opioid prescriptions from the emergency de-
partment in adolescent and young adult patients.

Overall opioid in ED Opioid outpatient
prescription

OR 95% CI OR 95% CI

Age, year 1.11 1.10 1.11 1.14 1.13 1.14
Gender

Female Reference – – Reference – –
Male 0.95 0.92 0.97 0.99 0.96 1.02

Race/ethnicity
Hispanic Reference – – Reference – –
Asian/Pacific Islander 0.77 0.72 0.82 0.77 0.71 0.83
Black 1.00 0.95 1.05 0.99 0.94 1.05
White 1.13 1.08 1.17 1.11 1.06 1.15
Other/multiple/unknown 0.93 0.89 0.97 1.05 0.95 1.16

With Kaiser membership
No Reference – – N/Aa

Yes 1.08 1.04 1.12
Emergency Severity Index (given
at triage)
Level 4–5 Reference – – Reference – –
Level 1–3 3.08 2.99 3.18 1.13 1.09 1.17

Primary diagnosis
Diseases of the respiratory and
cardiovascular systems

Reference – – Reference – –

Complications of pregnancy,
childbirth, and the puerperium

0.92 0.85 1.00 0.27 0.23 0.30

Diseases of the GI and GU
system

3.68 3.50 3.88 1.19 1.12 1.26

Diseases of the
musculoskeletal system and
connective tissue

4.08 3.81 4.38 1.84 1.71 1.99

Diseases of the skin and
subcutaneous tissue

2.32 2.13 2.53 1.31 1.19 1.45

Disorders of the nervous
system and sense organs

2.33 2.18 2.48 0.82 0.76 0.88

Infectious and Parasitic
Diseases

1.26 1.14 1.40 0.96 0.84 1.10

Injury and poisoning 3.86 3.67 4.06 1.65 1.56 1.74
Mental illness 0.26 0.23 0.29 0.06 0.05 0.07
Neoplasms 3.58 2.64 4.84 1.44 0.77 2.68
Symptoms including syncope,
fever, abdominal pain, malaise

2.85 2.71 3.01 0.52 0.49 0.56

Other 1.52 1.29 1.80 0.41 0.32 0.52
Elixhauser comorbidity index

0 Reference – – Reference – –
1 1.00 0.97 1.03 0.99 0.95 1.03
2 or above 1.09 1.04 1.14 0.95 0.90 0.99

Disposition
Discharge to home Reference – – N/Ab

Admit to acute care 4.66 4.47 4.87
Other 0.47 0.43 0.53

Institution of new narcotic
guideline
No Reference – – Reference – –
Yes 0.90 0.88 0.93 0.87 0.84 0.89

Medical center
ED 14 Reference – – Reference – –
ED 1 1.07 0.98 1.16 1.03 0.93 1.14
ED 2 1.18 1.09 1.27 1.80 1.64 1.98
ED 3 1.23 1.14 1.33 1.77 1.60 1.95
ED 4 0.95 0.88 1.04 1.21 1.09 1.35
ED 5 2.02 1.86 2.20 0.51 0.43 0.60
ED 6 1.21 1.11 1.32 1.22 1.10 1.36
ED 7 1.20 1.10 1.32 1.26 1.12 1.41
ED 8 1.42 1.30 1.56 1.59 1.43 1.77
ED 9 1.31 1.20 1.43 1.33 1.19 1.48
ED 10 1.29 1.18 1.41 2.00 1.80 2.22
ED 11 1.04 0.96 1.13 1.56 1.41 1.71
ED 12 1.22 1.12 1.34 1.08 0.96 1.20
ED 13 1.04 0.95 1.13 1.35 1.21 1.51

a Outpatient analysis restricted to Kaiser members.
b All discharged.
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triage categories (AOR, 1.13; 95% CI, 1.09–1.17) (Table 2). Here again,
we observed significant variation between medical centers with a two-
fold increase from least use to most use (AOR, 2.00; 95% CI, 1.80–2.22).

4. Discussion

We found that advancing age was consistently associated with in-
creased opioid use and dose for our adolescent and young adult ED pop-
ulation, and that patients had a 15% increase in opioid prescribing from
10 to 23 years of age, with a N13% increase (from 4% to 18%) in paren-
teral use. The dose of opioids increased by 4.8 MMEs (parenteral: from
3.5 to 8.3) and 4MMEs (oral: from4.6 to 8.6) aswell. Not onlywere opi-
oids prescribed more frequently but also at significantly higher doses;
and we did not see a plateau in prescribing or dose as age increased.
We expected to see an increase in use that would plateau in older ado-
lescence, a time when weight and body mass stabilize along with med-
ication usage and dosing. What we found though was a significant,
continued yearly increase throughout later adolescence and young
adulthood in the percent of patients receiving opioids and in the doses
given. Based on this data, potentially thousands of opioid ED and outpa-
tient prescriptions could be avoided if we prescribed the same for older
adolescents and young adults as we do for younger ones. We
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acknowledge though that this trend is likely multifactorial, and also re-
flects changing risk profiles, disease processes, and increasing indepen-
dence from caretakers, and that decreasing use of opioids in this older
adolescent and young adult population is not a straightforward process.

Overall, 15.8% of our patients received opioids during their ED en-
counter. This compares to past studies which have shown between
14.5% and 23% use [1,23]. We also found that White patients were
more likely than Hispanics to receive opioids, and females more likely
than males. Past studies have shown that females are a subgroup that
is found to be more associated with opioid use [33], and that they are
at risk for misuse and abuse related to opioid prescriptions [11].

Past studies looking at opioidmisuse and abuse have shown that ad-
olescence and young adulthood can be a high-risk time for exposure to
opioid medications. This age group is at risk of non-medical use of pre-
scription opioids, including personal use and the sharing, trading, or
selling of prescription medications among peers [11,12], and overdose
or suicide [16,21]. Unfortunately, we have shown in this study that as
children age into adolescence and progress through it, they are given
opioids in increasing frequency and at higher doses.

Our study adds to the literature in this field by increasing under-
standing of ED opioid prescribing as well as identifying the association
between age and opioid prescribing among an adolescent and young
adult population. This is particularly important because we know that
this group is less likely to have routine medical care and accordingly
use the ED as a primary source of health care [34-37]. Many adolescents
and young adults with addiction issues have their first encounter with
an opioid medication in an ED [6]. It is also known that when opioids
are injected (as opposed to taken orally), the sense of euphoria can be
more pronounced [26,27]. Thus, the use of parenteral opioidmedication
needs to be considered, along with discharge prescriptions, in terms of
its potential to impact future use and misuse.

Our study gives an overview of factors that are associated with opi-
oid prescribing in adolescent and young adult patients, and shows this
direct relationship with increasing age and increasing prescribing. We
believe that this prescribing in the ED setting has the potential to affect
future use and thus needs to be evaluated more closely, particularly in
the community hospital setting where the expertise of the provider is
notwholly focused on pediatric and adolescentmedicine. ED physicians
need to continue to be mindful of opioid prescribing in this population.
The older adolescent and young adult age group (16–23 years)might be
a good target for an intervention aimed at decreasing opioid
prescribing.

There is also a significant variation in opioid use between EDswith a
twofold increase in use from least use to most use. This is not surprising
in our health care system as even though we are a health maintenance
organization with an integrated medical record, there is still local con-
trol over provider education and oversight of patient care. This variation
though is another indication that improvements can likely be made for
more judicious prescribing of opioids. A potential next step from our re-
sults could be implementing specific recommendations targeted at ado-
lescents and young adults. This combined with continued education of
patients and parents in the ED setting on the risk of opioids could
have a significant clinical impact.

4.1. Limitations

First, this was a retrospective study and thus the findings are associ-
ations and not causal relationships. Second, our study was not able to
measure important characteristics related to opioid prescribing such
as the patient's perception of their painwhile in the ED, patient satisfac-
tion with the visit, or whether patients actually used their discharge
medications as indicated. Third, we did not evaluate for return visits re-
lated to the primary complaint and cannot obtain data on patients that
might have gone to an outside ED after their visit for the same issue.
Fourth, we relied on data abstraction using the electronic medical re-
cord, and identifying cohorts for subgroup analysis using ICD-9 codes,
which are potentially subject to inaccuracy. Fifth, the study included
both Kaiser insurance members and non-members. We included the
non-members as they comprise 32.9% of the study sample. This group
was excluded though from the analysis of outpatient prescriptions as
these patients generally do not receive their outpatient prescriptions
within our system. Sixth, we used encounter level data, rather than pro-
vider or patient level data. The limitation of this approach is that the
likelihood of opioid use for a given patient with repeat visits is not en-
tirely independent on separate encounters. However, we accounted
for this in the analysis and felt it was important to not exclude encoun-
ters by limiting to the patient's first visit because these patients with re-
peat visits are an important, even though small percentage, group in this
investigation on opioid use. The average visits per patient were 1.5.

4.2. Conclusions

As children age into adolescence and young adulthood, when the
risks for opioid misuse and abuse are potentially greatest, we found a
significant associated risk of ED opioid prescribing. This association in-
cludes the percentage of ED encounters receiving parenteral or oral opi-
oids, the total dose of opioids, and the percentage of outpatient
prescriptions related to the encounter. This relationship remained



Table 3
Adjusted estimate (β) and standard error fromgeneralmixedmodel for parenteral andoralMMEs given to adolescent andyoung adult patients in the emergency departmentwith age as a
continuous variable.

Opioid parenteral Opioid oral

Change in MME 95% CI P-value Change in MME 95% CI P-value

Intercept −2.78 −4.44 −1.12 0.001 −0.53 −1.23 0.17 0.136
Age 0.38 0.33 0.43 b0.001 0.26 0.23 0.28 b0.001
Weight −0.001 −0.004 0.003 0.805 0.005 0.003 0.007 b0.001
Gender b0.001 b0.001

Female Reference – – Reference – –
Male 0.88 0.52 1.23 b0.001 0.43 0.26 0.59 b0.001

Race/ethnicity b0.001 b0.001
Hispanic Reference – – Reference – –
Asian/Pacific Islander −0.40 −1.29 0.49 0.379 −0.36 −0.82 0.11 0.135
Black 2.02 1.47 2.57 b0.0001 0.39 0.13 0.65 0.004
White 0.60 0.16 1.04 0.008 0.11 −0.10 0.33 0.296
Other/multiple/unknown 0.70 0.14 1.26 0.014 0.14 −0.12 0.40 0.281

With Kaiser membership 0.876 0.841
No Reference – – Reference – –
Yes 0.04 −0.41 0.48 0.876 0.02 −0.19 0.24 0.841

Emergency Severity Index (given at triage) 0.550 b0.001
Level 4–5 Reference – – Reference – –
Level 1–3 0.18 −0.40 0.75 0.550 0.64 0.47 0.81 b0.001

Primary diagnosis b0.001 b0.001
Diseases of the respiratory and cardiovascular systems Reference – – Reference – –
Complications of pregnancy, childbirth, and the puerperium −0.81 −1.90 0.28 0.146 0.90 0.28 1.53 0.005
Diseases of the GI and GU system 0.01 −0.73 0.75 0.974 1.14 0.79 1.49 b0.001
Diseases of the musculoskeletal system and connective tissue 0.89 −0.15 1.94 0.093 1.39 1.02 1.76 b0.001
Diseases of the skin and subcutaneous tissue 0.93 −0.45 2.31 0.185 1.07 0.60 1.55 b0.0001
Disorders of the nervous system and sense organs 1.08 0.20 1.96 0.017 1.32 0.94 1.70 b0.001
Infectious and Parasitic Diseases −0.15 −1.55 1.25 0.829 −0.80 −1.53 −0.06 0.035
Injury and poisoning 1.02 0.23 1.81 0.011 1.13 0.84 1.41 b0.001
Mental illness −0.66 −2.70 1.38 0.525 0.59 −0.22 1.40 0.151
Neoplasms 1.51 −1.24 4.26 0.283 2.63 0.88 4.37 0.003
Symptoms including syncope, fever, abdominal pain, malaise −0.02 −0.78 0.74 0.964 0.96 0.54 1.38 b0.001
Other 9.78 8.59 10.96 b0.0001 2.79 2.02 3.55 b0.001

Elixhauser comorbidity index b0.001 b0.001
0 Reference – – Reference – –
1 0.20 −0.18 0.59 0.299 0.11 −0.07 0.30 0.230
2 or above 1.78 1.35 2.22 b0.001 0.76 0.52 0.99 b0.001

Disposition b0.001 b0.001
Discharge to home Reference – – Reference – –
Admit to acute care 2.16 1.76 2.56 b0.001 3.26 2.95 3.58 b0.001
Other 1.05 −0.36 2.47 0.145 2.71 1.81 3.62 b0.001

Institution of new narcotic guideline 0.097 0.278
No Reference – – Reference – –
Yes −0.27 −0.58 0.05 0.097 −0.08 −0.24 0.07 0.278

Medical center b0.001 b0.001
ED 14 Reference – – Reference – –
ED 1 0.003 −1.06 1.06 0.995 0.11 −0.39 0.61 0.670
ED 2 0.08 −0.91 1.08 0.869 −0.01 −0.48 0.46 0.962
ED 3 0.19 −0.82 1.20 0.709 0.43 −0.02 0.89 0.063
ED 4 −0.94 −2.02 0.15 0.091 −0.47 −0.97 0.03 0.066
ED 5 −0.84 −1.97 0.29 0.147 0.33 −0.15 0.80 0.182
ED 6 0.25 −0.82 1.31 0.651 0.61 0.11 1.11 0.020
ED 7 −0.37 −1.54 0.79 0.527 0.51 −0.03 1.06 0.068
ED 8 2.52 1.42 3.61 b0.001 0.70 0.20 1.19 0.007
ED 9 −0.57 −1.63 0.50 0.296 −0.33 −0.84 0.19 0.224
ED 10 0.56 −0.55 1.68 0.325 0.80 0.24 1.36 0.007
ED 11 −0.12 −1.12 0.89 0.823 1.03 0.56 1.51 b0.001
ED 12 −1.27 −2.35 −0.18 0.022 −0.16 −0.68 0.36 0.541
ED 13 −0.79 −1.90 0.31 0.161 −0.44 −0.96 0.08 0.101
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significant and did not level off in the older adolescents, a time when
weight and dosing often start to stabilize as patients' approach adult
size. This suggests that there is a potential to reduce opioid prescribing
in older adolescents and young adults, decreasing exposure to this po-
tentially dangerous category of medication in this vulnerable patient
population. Based on the findings of our study, providers in this setting
could evaluate how age might be influencing their use of opioids in this
population and look for opportunities to decrease its use. Further stud-
ies are needed to assess outcomes related to pain medication use in the
ED setting, such as the patient's perception of pain relief during the en-
counter, the association with revisits for the same issue, and whether
this prescribing is associated with future opioid use in terms of health
care visits and future prescriptions for opioid medications. In addition,
we need to study interventions targeted at this group of patients to un-
derstand if they are successful at reducing future misuse and abuse of
opioids.

Acknowledgments

The authors thank the patients of Kaiser Permanente for helping us
improve care through the use of information collected through our elec-
tronic health record systems. This research was supported by a grant
from the Regional Research Committee of Kaiser Permanente Southern
California (KP-RRC-20160401).



0

1

2

3

4

5

6

7

8

9

1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3

M
O

RP
HI

N
E 

M
IL

LI
GR

AM
 E

Q
U

IV
AL

EN
TS

AGE

Parenteral Oral

Fig. 2. Adjusted dose of morphine milligram equivalents for patients prescribed opioids during an emergency department visit stratified by age.

1403P.J. Van Winkle et al. / American Journal of Emergency Medicine 37 (2019) 1397–1403
References

[1] Fortuna RJ, Robbins BW, Caiola E, Joynt M, Halterman JS. Prescribing of controlled
medications to adolescents and young adults in the United States. Pediatrics 2010;
126(6):1108–16. https://doi.org/10.1542/peds.2010-0791.

[2] Baker JA, Avorn J, Levin R, Bateman BT. Opioid prescribing after surgical extraction of
teeth in Medicaid patients, 2000–2010. JAMA 2016;315(15):1653–4. https://doi.
org/10.1001/jama.2015.19058.

[3] McCabe SE, West BT, Teter CJ, Boyd CJ. Medical and nonmedical use of prescription
opioids among high school seniors in the United States. Arch Pediatr Adolesc Med
2012;166(9):797–802. https://doi.org/10.1001/archpediatrics.2012.85.

[4] McCabe SE, West BT, Teter CJ, Cranford JA, Ross-Durow PL, Boyd CJ. Adolescent non-
medical users of prescription opioids: brief screening and substance use disorders.
Addict Behav 2012;37(5):651–6. https://doi.org/10.1016/j.addbeh.2012.01.021.

[5] Cicero TJ, Ellis MS, Surratt HL, Kurtz SP. The changing face of heroin use in the United
States: a retrospective analysis of the past 50 years. JAMA Psychiat 2014;71(7):
821–6. https://doi.org/10.1001/jamapsychiatry.2014.366.

[6] Butler MM, Ancona RM, Beauchamp GA, et al. Emergency department prescription
opioids as an initial exposure preceding addiction. Ann Emerg Med 2016;68(2):
202–8. https://doi.org/10.1016/j.annemergmed.2015.11.033.

[7] Miech R, Johnston L, O'Malley PM, Keyes KM, Heard K. Prescription opioids in ado-
lescence and future opioid misuse. Pediatrics 2015;136(5):e1169–77. https://doi.
org/10.1542/peds.2015-1364.

[8] McCabe SE, West BT, Veliz P, McCabe VV, Stoddard SA, Boyd CJ. Trends in medical
and nonmedical use of prescription opioids among US adolescents: 1976–2015. Pe-
diatrics 2017;139(4). https://doi.org/10.1542/peds.2016-2387.

[9] Manchikanti L, Singh A. Therapeutic opioids: a ten-year perspective on the complex-
ities and complications of the escalating use, abuse, and nonmedical use of opioids.
Pain Physician 2008;11(2 Suppl):S63–88.

[10] Results from the 2010 National Survey on Drug Use and Health: summary of na-
tional findings. Substance Abuse and Mental Health Services Administration; 2011.

[11] Boyd CJ, McCabe SE, Cranford JA, Young A. Prescription drug abuse and diversion
among adolescents in a southeast Michigan school district. Arch Pediatr Adolesc
Med 2007;161(3):276–81. https://doi.org/10.1001/archpedi.161.3.276.

[12] McCabe SE, Teter CJ, Boyd CJ. The use, misuse and diversion of prescription stimu-
lants among middle and high school students. Subst Use Misuse 2004;39(7):
1095–116.

[13] Garnier LM, Arria AM, Caldeira KM, Vincent KB, O'Grady KE, Wish ED. Sharing and
selling of prescription medications in a college student sample. J Clin Psychiatry
2010;71(3):262–9. https://doi.org/10.4088/JCP.09m05189ecr.

[14] Meier EA, Troost JP, Anthony JC. Extramedical use of prescription pain relievers by
youth aged 12 to 21 years in the United States: national estimates by age and by
year. Arch Pediatr Adolesc Med 2012;166(9):803–7. https://doi.org/10.1001/
archpediatrics.2012.209.

[15] McCabe SE, Boyd CJ. Sources of prescription drugs for illicit use. Addict Behav 2005;
30(7):1342–50. https://doi.org/10.1016/j.addbeh.2005.01.012.

[16] Guo L, Xu Y, Deng J, et al. Association between nonmedical use of prescription drugs
and suicidal behavior among adolescents. JAMA Pediatr 2016;170(10):971–8.
https://doi.org/10.1001/jamapediatrics.2016.1802.

[17] Tormoehlen LM, Mowry JB, Bodle JD, Rusyniak DE. Increased adolescent opioid use
and complications reported to a poison control center following the 2000 JCAHO
pain initiative. Clin Toxicol (Phila) 2011;49(6):492–8. https://doi.org/10.3109/
15563650.2011.587819.

[18] Zosel A, Bartelson BB, Bailey E, Lowenstein S, Dart R. Characterization of adolescent
prescription drug abuse and misuse using the Researched Abuse Diversion and
Addiction-related Surveillance (RADARS(®)) system. J Am Acad Child Adolesc Psy-
chiatry 2013;52(2):196–204.e2. https://doi.org/10.1016/j.jaac.2012.11.014.

[19] Bailey JE, Campagna E, Dart RC, RADARS System Poison Center Investigators. The
underrecognized toll of prescription opioid abuse on young children. Ann Emerg
Med 2009;53(4):419–24. https://doi.org/10.1016/j.annemergmed.2008.07.015.

[20] Tadros A, Layman SM, Davis SM, Bozeman R, Davidov DM. Emergency department
visits by pediatric patients for poisoning by prescription opioids. Am J Drug Alcohol
Abuse 2016;42(5):550–5. https://doi.org/10.1080/00952990.2016.1194851.

[21] Gaither JR, Leventhal JM, Ryan SA, Camenga DR. National trends in hospitalizations
for opioid poisonings among children and adolescents, 1997 to 2012. JAMA Pediatr
2016;170(12):1195–201. https://doi.org/10.1001/jamapediatrics.2016.2154.

[22] Beauchamp GA, Winstanley EL, Ryan SA, Lyons MS. Moving beyond misuse and di-
version: the urgent need to consider the role of iatrogenic addiction in the current
opioid epidemic. Am J Public Health 2014;104(11):2023–9. https://doi.org/10.
2105/AJPH.2014.302147.

[23] Mazer-Amirshahi M, Mullins PM, Rasooly IR, van den Anker J, Pines JM. Trends in
prescription opioid use in pediatric emergency department patients. Pediatr
Emerg Care 2014;30(4):230–5. https://doi.org/10.1097/PEC.0000000000000102.

[24] Sheridan DC, Meckler GD, Spiro DM, Koch TK, Hansen ML. Diagnostic testing and
treatment of pediatric headache in the emergency department. J Pediatr 2013;163
(6):1634–7. https://doi.org/10.1016/j.jpeds.2013.07.006.

[25] Richer LP, Laycock K, Millar K, et al. Treatment of children with migraine in emer-
gency departments: national practice variation study. Pediatrics 2010;126(1):
e150–5. https://doi.org/10.1542/peds.2009-2337.

[26] Savage SR, Kirsh KL, Passik SD. Challenges in using opioids to treat pain in persons
with substance use disorders. Addict Sci Clin Pract 2008;4(2):4–25.

[27] Marsch LA, Bickel WK, Badger GJ, et al. Effects of infusion rate of intravenously ad-
ministered morphine on physiological, psychomotor, and self-reported measures
in humans. J Pharmacol Exp Ther 2001;299(3):1056–65.

[28] van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of the
Elixhauser comorbidity measures into a point system for hospital death using ad-
ministrative data. Med Care 2009;47(6):626–33. https://doi.org/10.1097/MLR.
0b013e31819432e5.

[29] Ghobadi A, Van Winkle PJ, Menchine M, Chen Q, Huang BZ, Sharp AL. Reduction of
parenteral opioid use in community emergency departments following implemen-
tation of treatment guidelines. Acad Emerg Med March 2018. https://doi.org/10.
1111/acem.13395.

[30] Von Korff M, Korff MV, Saunders K, et al. De facto long-term opioid therapy for
noncancer pain. Clin J Pain 2008;24(6):521–7. https://doi.org/10.1097/AJP.
0b013e318169d03b.

[31] Schneider C, Yale SH, LarsonM. Principles of painmanagement. ClinMed Res 2003;1
(4):337–40.

[32] Pharmacist's Letter/Prescriber's Letter. PL detail-document, opioid conversion algo-
rithm; August 2012.

[33] Young AM, Glover N, Havens JR. Nonmedical use of prescription medications among
adolescents in the United States: a systematic review. J Adolesc Health 2012;51(1):
6–17. https://doi.org/10.1016/j.jadohealth.2012.01.011.

[34] Ziv A, Boulet JR, Slap GB. Emergency department utilization by adolescents in the
United States. Pediatrics 1998;101(6):987–94.

[35] Marcell AV, Klein JD, Fischer I, Allan MJ, Kokotailo PK. Male adolescent use of health
care services: where are the boys? J Adolesc Health 2002;30(1):35–43.

[36] Lehmann CU, Barr J, Kelly PJ. Emergency department utilization by adolescents. J
Adolesc Health 1994;15(6):485–90.

[37] Wilson KM, Klein JD. Adolescents who use the emergency department as their usual
source of care. Arch Pediatr Adolesc Med 2000;154(4):361–5.

https://doi.org/10.1542/peds.2010-0791
https://doi.org/10.1001/jama.2015.19058
https://doi.org/10.1001/jama.2015.19058
https://doi.org/10.1001/archpediatrics.2012.85
https://doi.org/10.1016/j.addbeh.2012.01.021
https://doi.org/10.1001/jamapsychiatry.2014.366
https://doi.org/10.1016/j.annemergmed.2015.11.033
https://doi.org/10.1542/peds.2015-1364
https://doi.org/10.1542/peds.2015-1364
https://doi.org/10.1542/peds.2016-2387
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0045
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0045
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0045
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0050
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0050
https://doi.org/10.1001/archpedi.161.3.276
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0060
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0060
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0060
https://doi.org/10.4088/JCP.09m05189ecr
https://doi.org/10.1001/archpediatrics.2012.209
https://doi.org/10.1001/archpediatrics.2012.209
https://doi.org/10.1016/j.addbeh.2005.01.012
https://doi.org/10.1001/jamapediatrics.2016.1802
https://doi.org/10.3109/15563650.2011.587819
https://doi.org/10.3109/15563650.2011.587819
https://doi.org/10.1016/j.jaac.2012.11.014
https://doi.org/10.1016/j.annemergmed.2008.07.015
https://doi.org/10.1080/00952990.2016.1194851
https://doi.org/10.1001/jamapediatrics.2016.2154
https://doi.org/10.2105/AJPH.2014.302147
https://doi.org/10.2105/AJPH.2014.302147
https://doi.org/10.1097/PEC.0000000000000102
https://doi.org/10.1016/j.jpeds.2013.07.006
https://doi.org/10.1542/peds.2009-2337
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0130
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0130
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0135
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0135
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0135
https://doi.org/10.1097/MLR.0b013e31819432e5
https://doi.org/10.1097/MLR.0b013e31819432e5
https://doi.org/10.1111/acem.13395
https://doi.org/10.1111/acem.13395
https://doi.org/10.1097/AJP.0b013e318169d03b
https://doi.org/10.1097/AJP.0b013e318169d03b
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0155
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0155
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0160
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0160
https://doi.org/10.1016/j.jadohealth.2012.01.011
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0170
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0170
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0175
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0175
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0180
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0180
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0185
http://refhub.elsevier.com/S0735-6757(18)30835-0/rf0185

	Association of age and opioid use for adolescents and young adults in community emergency departments
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Study setting and population
	2.3. Study protocol
	2.4. Measurements
	2.5. Data analysis

	3. Results
	3.1. Demographic and clinical characteristics
	3.2. Predicted probability of opioid use per age
	3.3. Milligram of morphine equivalents administered in the ED
	3.4. Factors associated with receiving an outpatient opioid prescription from the ED

	4. Discussion
	4.1. Limitations
	4.2. Conclusions

	Acknowledgments
	References


