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BACKGROUND AND OBJECTIVES: Information on the use of prescription medications among children 
and adolescents in the United States is lacking. We estimate the prevalence of prescription 
medication use, concurrent use, and potential major drug–drug interactions (DDIs) in this 
population.
METHODS: We conducted descriptive analyses using nationally representative data for people 
≤19 years old from NHANES. Data were derived from a medication log administered by 
direct observation during in-home interviews. Acute medications were used for ≤30 days. 
Concurrent use was defined as use of ≥2 prescription medications. Micromedex was used to 
identify potentially major DDIs.
RESULTS: During 2013–2014, 19.8% of children and adolescents used at least 1 prescription 
medication, and 7.1% used acute medications. Concurrent use of prescription medications 
was 7.5% overall and was highest among boys 6 to 12 years old (12%) and among boys 
and girls ages 13 to 19 years old (10% for both). Using pooled 2009–2014 data, we found 
that 8.2% of concurrent users of prescription medications were at risk for a potentially 
major DDI. The vast majority of interacting regimens involved antidepressants and were 
more common among adolescent girls than boys (18.1% vs 6.6%; P < .05), driven largely by 
greater rates of use of acute medications.
CONCLUSIONS: Many US children and adolescents use prescription medications with nearly 1 in 
12 concurrent users of prescription medications potentially at risk for a major DDI. Efforts 
to prevent adverse drug events in children and adolescents should consider the role of 
interacting drug combinations, especially among adolescent girls.
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WHAT’S KNOWN ON THIS SUBJECT: Adverse drug 
events remain a leading cause of death among 
children and adolescents in the United States. Current 
information on concurrent use of prescription 
medications, however, is lacking and can be used to 
better guide efforts to improve their safe use.

WHAT THIS STUDY ADDS: One-fifth of children and 
adolescents regularly use prescription medications 
with nearly 1 in 12 concurrent users of prescription 
medications at risk for a major drug–drug 
interaction. Efforts to prevent adverse drug events 
should consider the role of interacting combinations.
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Prescription medications are often 
indicated for the treatment of 
common pediatric and adolescent 
chronic conditions, such as 
depression and attention-deficit/
hyperactivity disorder, 1 – 3 and acute 
ailments, such as respiratory tract 
and sexually transmitted infections.4, 5  
In addition to known clinical benefits, 
many of these medications are 
associated with rare but serious 
adverse effects, such as serotonin 
syndrome, suicidal ideation, and 
sudden death.6 – 12 Despite the 
implementation of national programs 
focusing on medication safety in 
young children, adverse drug events 
remain a leading cause of injuries 
and death among both children 
and adolescents in the United 
States.13 – 16 Current data on the use 
and concurrent use of prescription 
medications can be used to better 
guide efforts to reduce the burden 
of adverse drug events in this 
vulnerable population.

Authors of several national 
studies have evaluated the use of 
prescription medications in younger 
populations.17,  18 Despite important 
insights from these studies, however, 
they have several limitations. First, 
these previous studies have not been 
used to describe the concurrent use 
of specific types of acute and chronic 
prescription medications. This 
information is important because 
the use of multiple medications is 
associated with an increased risk 
for adverse drug events.19 Second, 
the authors of these studies do not 
provide information on the use of 
prescription medications among 
boys and girls separately for children 
and adolescents. This is important 
because of known differences in 
the use of specific drug classes 
between children and adolescents 
and between boys and girls. Finally, 
authors of previous studies do 
not examine the concurrent use of 
interacting drug regimens.

We used nationally representative, 
directly observed data from the 

most recent 6 cycles of the NHANES 
to examine the use of prescription 
medications among children and 
adolescents in the United States 
overall and stratified by age group 
and gender. We also examined 
the prevalence of potentially 
contraindicated or major drug–drug 
interactions (DDIs).

METHODS

Participants

NHANES is a nationally 
representative survey sampled from 
the US civilian, noninstitutionalized 
population conducted by the National 
Center for Health Statistics. Sampling 
methods are described elsewhere.20 
We restricted our sample to children 
and adolescents ages 0 to 19 years 
who responded to the prescription 
medication questionnaires. A parent 
or caregiver provided information for 
survey participants who were <16 
years of age and for those who could 
not answer themselves. We used the 
6 most recent NHANES cycles (2003–
2004, 2005–2006, 2007–2008, 
2009–2010, 2011–2012, and 2013–
2014). A total of 23 179 children and 
adolescent participants ages 0 to 19 
years were sampled over the 10-year 
period examined. Twenty-seven 
participants were excluded because 
of missing medication information, 
yielding an analytic subsample of 
23 152 participants.

Prescription Medication Data

During the household interview 
participants were asked whether 
they had taken a prescription 
medication in the past 30 days.21 
Those who answered “yes” were 
asked to show the interviewer the 
medication containers for all the 
medications used. If no container was 
available, the participant was asked 
to name the prescription medication 
they used. Prescription medication 
names and therapeutic classes were 
coded by using Lexicon Plus (Cerner 
Multum, Inc, Kansas City, MO), a 

proprietary database of Cerner 
Multum, Inc.

We differentiated acute versus 
chronic prescription medication use 
on the basis of duration of use. For 
each medication, participants were 
asked “How long was medication 
taken?” We defined acute use as the 
use of a prescription medicine for 
≤30 days and all other use as chronic 
use. For prescription medications 
used chronically, approximately 
three-fourths (73%) were used for 
>365 days. We defined concurrent 
use as the simultaneous use of at 
least 2 prescription medications 
during the past 30 days. We also 
identified therapeutic classes most 
commonly used together, overall and 
by age group and gender.

We used Micromedex to identify 
potential DDIs for all prescription 
medications used in children and 
adolescents during 2013–2014. 
Micromedex defines contraindicated 
combinations as “drugs [that] are 
contraindicated for concurrent use” 
and major DDIs as “the interaction 
may be life threatening, require 
medical intervention to minimize  
or prevent serious adverse events,  
or both.”

Analyses

We used descriptive statistics 
to estimate the prevalence of 
prescription medication and 
concurrent use for each of the 6 
NHANES cycles examined. For 
analyses stratified by age group 
and gender, we focused on the most 
recent cycle (2013–2014); to increase 
sample size, however, we pooled the 
most recent 3 cycles (2009–2010, 
2011–2012, and 2013–2014) for 
the analyses of commonly used 
combinations of therapeutic drug 
classes and DDIs. We used Taylor 
linearization methods to incorporate 
sample weights to adjust for the 
complex sampling methods in 
NHANES for estimate prevalence and 
conduct statistical tests. For most 
analyses, we used logistic regression 

QATO et al2
 by guest on January 20, 2019www.aappublications.org/newsDownloaded from 



to test for significance of differences 
by gender within age groups; to 
examine gender differences in the 
concurrent use of therapeutic drug 
classes and DDIs, the Pearson’s χ2 test 
was used. We tested for the statistical 
significance of trends across cycles 
using logistic regression. We used 
Stata (Stata Corp, College Station, TX) 
version 14 to perform all analyses. 
All P values reported are 2-sided. 
The study was considered exempt 
by a University of Illinois at Chicago 
Institutional Review Board.

RESULTS

 Table 1 reports prevalence of the use 
of prescription medications overall 

and by population characteristics for 
2013–2014. Nearly one-fifth (19.8%) 
of children and adolescents ≤19 
years old used at least 1 prescription 
medication in the previous 30 days; 
13.9% used chronic medications, 
and 7.1% used acute medications. 
Prescription medication use 
increased with age, ranging from 
14.7% in children ages 0 to 5 
years to 22.8% among adolescents 
(13–19 years). Acute medication 
use was highest in younger children 
(9.1%), whereas the use of chronic 
medications was lowest (6.4%).

 Figure 1 depicts the prevalence of the 
use of prescription medications over 
time (Fig 1A) and by age group and 
gender (Fig 1B). The most commonly 

used prescription medications 
included respiratory agents, 
especially bronchodilators (the 
most common type was albuterol) 
and psychotherapeutic agents, 
especially central nervous system 
(CNS) stimulants (methylphenidate 
was most common) and 
antidepressants (fluoxetine was 
most common) (Table 2). There was 
a notable decline in the use of acute 
medications between 2003–2004 and 
2013–2014 (10.9% [95% confidence 
interval (CI), 9.3%–12.9%] to 7.1% 
[CI, 6.0%–8.4%]; P < .01), driven 
largely by a decrease in the use of 
antibiotics (7.9% [CI, 6.6%–9.5%] 
to 4.8% [CI, 3.7%–6.1%]; P < .01; 
Supplemental Table 5).
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TABLE 1  Prevalence of Prescription Medication Use in Previous 30 Days Among Children and Adolescents in the United States (2013–2014)

Participants Prevalence of Use, % (95% CI)

n % (95% CI) Any Medication Acute Medication, ≤30 d Chronic Medication, >30 d

No. participants 786 299 528
Overall 4404 19.8 (17.2–22.8) 7.1 (5.9–8.5) 13.9 (11.7–16.6)
Age group, y
 0–5 1603 25.9 (23.5–28.4) 14.7 (12.4–17.4)** 9.1 (7.6–10.8)* 6.4 (4.8–8.4)**

 6–12 1563 37.6 (35.0–40.3) 21.0 (17.7–24.9) 5.5 (4.2–7.2) 16.5 (13.7–19.7)
 13–19 1238 36.5 (33.6–39.4) 22.8 (18.0–28.4) 7.1 (5.0–10.0) 17.6 (13.5–22.7)
Gender
 Girl 2161 48.9 (46.3–51.4) 19.3 (16.0–23.2) 8.0 (6.0–10.6) 12.6 (9.7–16.4)
 Boy 2243 51.1 (48.6–53.7) 20.3 (17.5–23.4) 6.3 (5.0–7.7) 15.2 (12.9–17.7)
Asthma
 Yes 413 9.7 (8.6–11.0) 58.5 (51.4–65.3)** 11.7 (8.1–16.6)* 51.9 (44.3–59.4)**

 No 3577 90.3 (89.0–91.4) 15.9 (13.3–18.8) 6.4 (5.3–7.8) 10.3 (8.2–12.9)
General health condition
 Excellent 1882 43.9 (40.9–46.9) 12.8 (10.5–15.6)** 5.3 (4.1–6.8)* 7.9 (6.0–10.4)**

 Very good 1209 29.0 (26.6–31.5) 21.1 (18.0–24.6) 7.5 (6.0–9.2) 14.9 (11.8–18.5)
 Good 1054 21.8 (18.7–25.3) 27.1 (21.8–33.2) 8.7 (6.4–11.8) 20.9 (16.3–26.3)
 Fair 226 4.6 (3.5–6.0) 39.0 (26.5–53.2) 14.0 (8.9–21.3) 27.4 (16.6–41.8)
 Poor 33 0.7 (0.4–1.2) 56.1 (33.2–76.7) 11.5 (3.7–30.4) 50.3 (29.0–71.6)
Race and/or ethnicity
 Non-Hispanic white 1201 53.1 (42.6–63.4) 22.7 (18.2–27.8)* 8.0 (6.1–10.3) 16.3 (12.4–21.1)*
 Non-Hispanic African American 1090 13.8 (9.8–19.1) 18.9 (15.1–23.5) 7.3 (5.2–10.1) 13.1 (10.5–16.2)
 Hispanic or Latino 1414 23.0 (16.5–31.3) 16.2 (12.2–21.2) 6.3 (4.6–8.6) 10.6 (7.5–14.9)
 Other 699 10.0 (8.1–12.4) 14.8 (11.6–18.7) 4.2 (2.7–6.4) 10.9 (8.5–13.9)
Family income-to-poverty ratio, %
 <130 2014 38.3 (31.2–45.9) 21.0 (17.4–25.2) 7.6 (5.8–10.1) 14.3 (11.8–17.3)
 130–349 1257 33.8 (29.3–38.7) 21.3 (18.2–24.8) 7.5 (5.5–10.2) 14.9 (11.3–17.3)
 >349 803 27.9 (21.2–35.7) 18.2 (15.3–21.6) 6.9 (5.2–9.2) 12.9 (10.6–17.3)
Usual source of care
 Yes 4138 94.0 (92.8–95.0) 20.5 (17.8–23.4)* 7.3 (6.1–8.8) 14.4 (12.0–17.2)**

 No 266 6.0 (5.0–7.2) 10.1 (5.3–18.4) 3.4 (1.4–8.3) 6.7 (3.2–13.4)
Insurance status
 No insurance 350 8.1 (6.6–9.8) 6.5 (3.4–11.9)** 2.3 (1.0–5.2)** 4.5 (2.1–9.3)**

 Public insurance only 2200 39.6 (33.3–46.2) 21.3 (18.0–25.0) 8.0 (5.9–10.7) 14.8 (12.1–17.9)
 Any private insurance 1799 52.3 (45.5–59.1) 20.8 (17.5–24.6) 7.2 (5.9–8.7) 14.7 (11.6–18.6)

Estimates are weighted to account for differential probabilities of selection and differential nonresponse. Acute and chronic medication use are not mutually exclusive (eg, participants 
can use both types of prescription medications).
** P < .01; * P < .05 by using χ2 to test for differences across respondent characteristics.
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The use of prescription medications 
was highest among adolescent girls 
(28.0% [CI, 21.3%–35.8%]) and boys 
ages 6 to 12 (26.5% [CI, 22.5%–
30.9%]; Fig 1). Gender differences 
were also most pronounced in  
these 2 age groups. Among children  
ages 6 to 12, boys were nearly 
twice as likely to use prescription 
medications compared with girls 
(26.5% [CI, 22.5%–30.9%] vs 15.1% 
[CI, 11.8%–19.0%]; P < .01); this 
difference was primarily due to a 
higher rate of chronic medication use  
(22.3% [CI, 19.1%–25.9%] vs 10.1% 
[CI, 7.7%–13.0%]; P < .01), especially 
CNS stimulants (9.4% [CI, 7.2%–
12.0%] vs 2.2% [CI, 1.2%–4.1%];  
P < .01), α-adrenergic agonists (3.3% 
[CI, 1.9%–5.7%] vs 1.1% [CI, 0.3%–
3.5%]; P < .01), and leukotriene 
modifiers (4.0% [CI, 2.5%–6.4%] vs 
0.9% [CI, 0.4%–1.9%], respectively;  
P < .01) (Table 2).

During adolescence, however, girls 
were more likely to use prescription 
medications than boys; use was 
28.0% (CI, 21.3%–35.8%) among 
girls versus 17.6% (CI, 13.3%–
22.9%) among boys (P < .01). This 
difference was due to a higher rate of 
both acute (9.3% [CI, 5.9%–14.4%] 

vs 4.8% [CI, 3.2%–7.2%]; P < .05)  
and chronic (21.3% [CI, 15.0%–
29.4%] vs 13.8% [CI, 10.2%–18.5%];  
P < .05) medication use, specifically 
antidepressants (3.8% [CI, 1.9%–
7.6%] vs 1.3% [CI, 0.5%–3.7%];  
P < .01), antibiotics (6.6% [CI, 3.6%–
11.7%] vs 3.5% [CI, 2.0%–6.0%];  
P < .01), analgesics (3.2% [CI, 1.6%–
6.4%] vs 1.2% [CI, 0.6%–2.3%];  
P < .01), and antiemetics (1.6%  
[CI, 0.8%–3.3%] vs 0.1% [CI, 0.0%–
1.2%]; P = .06) (Table 2). Rates of 
CNS stimulant use, in contrast, were 
lower in adolescent girls than in boys 
(1.6% [CI, 0.9%–3.0%] vs 4.3%  
[CI, 2.3%–7.9%]; P < .01).

Concurrent Use of Prescription 
Medications

 Figure 2 depicts the prevalence of 
the use of concurrent prescription 
medications over time (Fig 2A) and 
by age group and gender (Fig 2B).  
During 2013 and 2014, 7.5% 
(CI, 6.6%–8.6%) of children and 
adolescents concurrently used 
prescription medications, a decrease 
from 2003–2004 (9.9% [CI, 9.1%–
10.8%]; P < .01). The concurrent use 
of prescription medications varied 
across age groups for both boys and 

girls and was substantially more 
common among boys ages 6 to 12 
than among girls in this age group 
(11.9% [CI, 8.8%–15.8%] vs 4.7%  
[CI, 3.4%–6.7%]; P < .01).

Among concurrent users of 
prescription medications, 
combinations that involved respiratory 
agents, such as bronchodilators 
and leukotriene modifiers, 
and psychotropic medications, 
including antidepressants, atypical 
antipsychotics, and CNS stimulants, 
were the most prevalent (Table 3). 
More than 20% (23.7% [CI, 11.1%–
43.8%]) of boys ages 6 to 12 and more 
than half (57.9% [CI, 35.1%–77.7%]) 
of adolescent boys who used CNS 
stimulants concurrently used ≥2 
other psychotropic medications. 
Combinations that involved 
antidepressants were most prevalent 
among adolescent girls; among these 
antidepressant users, 51.2% [CI, 
19.4%–82.6%] were concurrently 
using at least 2 psychotropic 
medications.

Potential Major DDIs

Among concurrent users of ≥2 
prescription medications during 
2013–2014 (N = 301), a total of 156 
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FIGURE 1
Weighted prevalence estimates of prescription medication use over time and by gender and age group among children and adolescents in the United 
States. Estimates are weighted to account for differential probabilities of selection and differential nonresponse. A, Trends in medication use (2003–2014). 
B, Medication use by gender and age (2013–2014). Boys ages 6 to 12 years report higher use of any prescription medication and chronic medications 
than girls (P < .01 and P < .01, respectively). Adolescent girls (13–19 years) report higher use of any prescription medication, including acute and chronic 
medications than adolescent boys (P < .01, P < .05, and P < .05, respectively).
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TABLE 2  Weighted Prevalence in the Use of Prescription Medications in the Previous 30 Days by Therapeutic Drug Class Among Children and Adolescents 
in the United States, Overall and by Gender and Age Group (2013–2014)

Prevalence of Use, % (95% CI)

Overall, n = 
4404

0–5 y 6–12 y 13–19 y

Girls (n = 775) Boys (n = 828) Girls (n = 746) Boys (n = 817) Girls (n = 640) Boys (n = 598)

Respiratory agents 6.8 (5.8–8.0) 3.9 (2.3–6.6) 5.1 (3.3–7.8)** 5.7 (4.1–8.0) 11.5 (8.9–14.7)* 6.4 (4.2–9.7) 7.0 (4.9–9.9)
 Bronchodilators 3.5 (3.0–4.1) 2.7 (1.5–4.7) 2.7 (1.5–4.8) 3.0 (1.7–5.5) 5.5 (4.3–6.9)* 3.4 (1.7–7.0)a 3.2 (2.1–5.0)
  Albuterol 3.0 (2.5–3.6) 2.6 (1.5–4.5) 2.5 (1.4–4.5) 2.6 (1.4–4.8) 4.5 (3.1–6.6) 3.1 (1.4–6.9)a 2.6 (1.8–3.6)
  Levalbuterol 0.3 (0.1–0.6)a 0.2 (0.0–1.5)a 0.2 (0.0–0.8)a 0.4 (0.1–2.5)a 0.4 (0.2–1.0)a 0.1 (0.0–1.0)a 0.2 (0.1–1.1)a

  Fluticasone and 
salmeterol

0.1 (0.1–0.3)a 0.0 0.1 (0.0–0.8)a 0.0 0.4 (0.2–0.8)a 0.3 (0.1–1.5)a 0.0

 Antihistamines 1.8 (1.3–2.6) 0.9 (0.3–2.6)a 1.4 (0.7–2.7)a 2.1 (1.1–4.0)a 3.2 (2.1–5.0) 1.0 (0.7–1.7) 2.0 (0.8–5.0)a

  Cetirizine 1.0 (0.6–1.6) 0.9 (0.3–2.6)a 0.8 (0.5–1.4) 0.9 (0.4–2.3)a 1.3 (0.7–2.4) 0.7 (0.4–1.4)a 1.2 (0.3–4.2)a

  Loratadine 0.4 (0.3–0.7) 0.0 0.1 (0.0–0.7)a 0.3 (0.1–1.4)a 1.2 (0.7–2.0) 0.1 (0.0–0.6)a 0.7 (0.2–2.8)a

  Cyproheptadine 0.2 (0.1–0.6)a 0.0 0.1 (0.0–0.9)a 0.0 0.8 (0.2–2.7)a 0.1 (0.0–1.0)a 0.0
 Leukotriene modifiers 1.7 (1.3–2.2) 0.3 (0.1–1.0)a 0.8 (0.4–1.7)a** 0.9 (0.4–1.9)a 4.0 (2.5–6.4)** 1.9 (1.1–3.1) 1.8 (0.8–3.7)a

  Montelukast 1.7 (1.3–2.2) 0.3 (0.1–1.0)a 0.8 (0.4–1.7)a** 0.9 (0.4–1.9)a 4.0 (2.5–6.4)** 1.9 (1.1–3.1) 1.8 (0.8–3.7)a

 Respiratory inhalant 
products

1.3 (0.8–1.9) 0.4 (0.1–1.5)a 1.3 (0.6–3.0)a 1.0 (0.4–2.4)a 3.1 (2.1–4.5) 0.2 (0.0–1.0)a 1.4 (0.5–3.7)a

  Beclomethasone 0.5 (0.3–0.9) 0.1 (0.0–0.6)a 0.7 (0.2–2.4)a 0.4 (0.1–1.1)a 1.2 (0.5–2.4)a* 0.1 (0.0–1.0)a 0.6 (0.1–3.1)a

  Fluticasone 0.7 (0.4–1.2) 0.3 (0.1–1.1)a 0.6 (0.2–1.9)a 0.6 (0.2–1.6)a 1.6 (0.9–2.7) 0.1 (0.0–0.7)a 0.7 (0.2–2.8)a

Psychotherapeutic agentsb 5.0 (4.0–6.3) 0.1 (0.0–0.6)a 1.5 (0.5–5.0)a 3.5 (1.8–6.7)a 10.9 (8.7–13.6)** 6.4 (4.1–9.9) 5.7 (3.4–9.5)
 CNS stimulants 3.3 (2.5–4.4) 0.1 (0.0–0.6)a 1.1 (0.3–4.3)a 2.2 (1.2–4.1) 9.4 (7.2–12.0)** 1.6 (0.9–3.0) 4.3 (2.3–7.9)**

  Methylphenidate 1.6 (1.0–2.4) 0.1 (0.0–0.6)a 0.2 (0.0–1.5)a 0.5 (0.1–2.5)a 5.2 (3.2–8.3)** 0.8 (0.2–2.9)a 1.8 (0.8–3.9)a

  Lisdexamfetamine 0.7 (0.5–1.0) 0.0 0.0 0.8 (0.2–2.8)a 1.7 (1.0–3.2) 0.1 (0.0–1.0)a 1.1 (0.4–2.8)a

  Amphetamine and 
dextroamphetamine

0.4 (0.2–0.9)a 0.0 0.6 (0.1–5.1)a 0.3 (0.1–1.5)a 0.9 (0.4–2.0)a 0.3 (0.1–1.0)a 0.4 (0.1–2.1)a

 Antidepressants 1.2 (0.7–2.0) 0.0 0.0 0.1 (0.0–0.7)a 1.3 (0.5–3.5)a* 3.8 (1.9–7.6)a 1.3 (0.5–3.7)a**

  Fluoxetine 0.3 (0.2–0.6) 0.0 0.0 0.0 0.5 (0.2–1.6)a 0.7 (0.2–2.1)a 0.5 (0.2–1.6)a

  Escitalopram 0.2 (0.1–0.9)a 0.0 0.0 0.0 0.0 0.8 (0.1–4.9)a 0.5 (0.1–3.9)a

  Trazodone 0.2 (0.0–0.8)a 0.0 0.0 0.1 (0.0–0.7)a 0.0 0.9 (0.2–4.6)a 0.0
 Antipsychotics 0.9 (0.7–1.1) 0.0 0.0 0.8 (0.3–2.7)a 1.9 (1.1–3.3)* 1.2 (0.6–2.5)a 1.1 (0.3–3.3)a

  Aripiprazole 0.2 (0.1–0.5)a 0.0 0.0 0.0 0.5 (0.3–0.7) 0.4 (0.1–1.7)a 0.4 (0.1–3.3)a

  Risperidone 0.4 (0.3–0.7) 0.0 0.0 0.8 (0.3–2.7)a 0.9 (0.3–3.1)a 0.1 (0.0–0.9)a 0.6 (0.2–2.5)a

  Quetiapine 0.2 (0.1–0.4) 0.0 0.0 0.0 0.7 (0.4–1.1) 0.5 (0.2–1.9)a 0.0
 Anticonvulsants 0.8 (0.3–1.9)a 0.0 0.2 (0.0–1.5)a 1.0 (0.3–3.6)a 0.4 (0.1–1.4)a 1.7 (0.5–5.6)a 1.2 (0.4–3.8)a

  Topiramate 0.3 (0.1–1.1)a 0.0 0.2 (0.0–1.5)a 0.3 (0.2–0.5) 0.0 1.1 (0.2–6.7)a 0.3 (0.1–1.5)a

  Lamotrigine 0.3 (0.1–0.9)a 0.0 0.0 0.0 0.0 0.9 (0.2–4.6)a 0.6 (0.1–3.4)a

  Divalproex sodium 0.1 (0.0–0.5)a 0.0 0.0 0.0 0.2 (0.0–1.7)a 0.2 (0.0–1.3)a 0.2 (0.0–1.1)a

 Anxiolytics, sedatives, and 
hypnotics

0.3 (0.2–0.4) 0.0 0.3 (0.0–2.4)a 0.2 (0.1–0.4)a 0.1 (0.0–0.4)a 0.8 (0.2–2.9)a 0.2 (0.0–1.2)a**

  Hydroxyzine 0.2 (0.1–0.4) 0.0 0.3 (0.0–2.4)a 0.2 (0.1–0.4)a 0.1 (0.0–0.4)a 0.7 (0.2–3.1)a 0.1 (0.0–0.9)a

Antibiotics 4.8 (3.7–6.2) 7.0 (5.2–9.4) 5.8 (4.5–7.4) 3.0 (1.6–5.6) 3.5 (2.0–6.1)* 6.6 (3.6–11.7) 3.5 (2.0–6.0)**

 Penicillins 2.2 (1.6–3.0) 4.5 (3.3–6.1) 3.1 (2.2–4.4) 1.1 (0.5–2.6)a 1.4 (0.7–2.8)a 2.6 (1.1–6.0)a 1.1 (0.3–3.8)a**

  Amoxicillin 1.8 (1.4–2.4) 4.4 (3.2–6.1) 2.9 (2.0–4.3) 0.6 (0.2–1.6)a 1.4 (0.7–2.8)a 1.1 (0.6–2.0) 1.1 (0.3–3.8)a

 Macrolide derivatives 0.8 (0.5–1.4) 0.2 (0.0–1.0)a 1.0 (0.4–2.3)a 1.2 (0.4–3.8)a 1.4 (0.5–3.6)a 0.9 (0.3–2.8)a 0.2 (0.0–1.0)a*
  Azithromycin 0.8 (0.5–1.2) 0.2 (0.0–1.0)a 0.9 (0.4–2.1)a 1.2 (0.4–3.8)a 1.4 (0.5–3.6)a 0.5 (0.1–2.9)a 0.2 (0.0–1.0)a

 Cephalosporins 0.5 (0.2–1.3)a 0.7 (0.2–3.1)a 0.9 (0.3–2.7)a 0.2 (0.0–1.1)a 0.3 (0.0–2.3)a 0.6 (0.1–4.9)a 0.5 (0.1–2.8)a

  Cefdinir 0.2 (0.1–0.6)a 0.2 (0.0–1.3)a 0.2 (0.1–0.8)a 0.1 (0.0–1.2)a 0.3 (0.0–2.3)a 0.0 0.4 (0.1–3.3)a

Topical agents 3.0 (2.5–3.5) 1.2 (0.6–2.3) 1.7 (1.0–2.9) 1.9 (1.0–3.5) 4.9 (3.2–7.5) 3.7 (1.8–7.4)a 3.7 (1.7–8.0)a

 Nasal preparations 1.5 (1.0–2.3) 0.1 (0.0–1.3)a 0.7 (0.3–1.5)a 0.5 (0.2–1.3)a 4.2 (2.5–7.1)** 0.8 (0.2–3.1)a 2.0 (0.7–5.5)a

  Fluticasone nasal 1.0 (0.6–1.7) 0.0 0.3 (0.1–1.6)a 0.3 (0.1–1.2)a 2.4 (1.1–4.9)a* 0.6 (0.1–3.0)a 2.0 (0.7–5.5)a

  Mometasone nasal 0.5 (0.2–0.9)a 0.1 (0.0–1.3)a 0.2 (0.0–1.4)a 0.1 (0.0–0.7)a 1.7 (0.7–4.3)a* 0.2 (0.0–2.0)a 0.2 (0.0–0.7)a

 Dermatological agents 1.2 (0.7–1.9) 0.5 (0.2–1.2)a 0.6 (0.2–1.5)a 1.4 (0.7–3.0)a 0.7 (0.3–1.7)a** 2.8 (1.1–6.9)a 0.9 (0.2–3.1)a

  Tretinoin topical 0.2 (0.1–0.7)a 0.0 0.0 0.1 (0.0–1.0)a 0.0 0.7 (0.1–4.4)a 0.3 (0.0–2.6)a

Hormones or hormone 
modifiers

2.1 (1.5–2.8) 1.0 (0.5–2.1)a 1.1 (0.5–2.6)a** 1.2 (0.5–2.5)a 0.9 (0.2–3.3)a 7.2 (5.3–9.5) 0.7 (0.2–2.1)a**

 Contraceptivesc 2.5 (1.8–3.5) 0.0 0.0 0.0 0.0 7.0 (5.2–9.3) 0.0
  Ethinyl estradiol–

norethindronec
0.9 (0.4–2.1)a 0.0 0.0 0.0 0.0 2.5 (1.1–5.6)a 0.0

 Adrenal cortical steroids 0.6 (0.4–1.0) 1.0 (0.5–2.1)a 0.9 (0.4–2.2)a** 0.7 (0.2–2.4)a 0.4 (0.1–1.8)a 0.2 (0.0–1.0)a 0.6 (0.2–2.0)a**

  Budesonide 0.3 (0.2–0.7)a 0.5 (0.2–1.6)a 0.4 (0.2–1.2)a 0.5 (0.1–2.6)a 0.4 (0.1–1.9)a 0.1 (0.0–1.0)a 0.1 (0.0–1.0)a
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unique prescription medications 
were used (Supplemental Table 6). 
Using Micromedex, a total of 826 
potential DDIs (contraindicated  

[n = 29] or potentially major [n = 797]) 
for these 156 medications were 
identified. In the pooled 2003–2014 
sample, 101 unique combinations of 

these potential DDIs were used by 
158 people (Supplemental Table 7). 
In the pooled 2009–2014 sample, 63 
unique DDI combinations were used 

QATO et al6

Prevalence of Use, % (95% CI)

Overall, n = 
4404

0–5 y 6–12 y 13–19 y

Girls (n = 775) Boys (n = 828) Girls (n = 746) Boys (n = 817) Girls (n = 640) Boys (n = 598)

Gastrointestinal agents 1.5 (0.8–2.6) 1.7 (1.0–3.0) 1.6 (0.9–2.6) 1.0 (0.4–2.7)a 1.4 (0.5–3.9)a 2.0 (0.8–4.9)a 1.3 (0.4–3.7)a**

 PPIs 0.6 (0.3–1.3)a 0.2 (0.0–0.9)a 0.5 (0.2–1.3)a 0.1 (0.0–0.7)a 0.6 (0.1–2.8)a 1.1 (0.4–3.1)a 1.0 (0.2–4.6)a

  Omeprazole 0.3 (0.1–1.2)a 0.1 (0.0–1.0)a 0.1 (0.0–0.6)a 0.1 (0.0–0.7)a 0.6 (0.1–2.8)a 0.1 (0.0–0.8)a 0.9 (0.2–4.8)a

 H2 antagonist 0.5 (0.3–1.0)a 1.4 (0.7–3.1)a 1.0 (0.6–1.9) 0.5 (0.1–2.1)a 0.3 (0.1–1.2)a 0.2 (0.0–1.3)a 0.1 (0.0–0.8)a**

  Ranitidine 0.5 (0.3–1.0)a 1.4 (0.6–3.1)a 1.0 (0.6–1.9) 0.5 (0.1–2.1)a 0.3 (0.1–1.2)a 0.2 (0.0–1.3)a 0.1 (0.0–0.8)a

Antiadrenergic agents, 
centrally acting

1.1 (0.8–1.6) 0.0 0.2 (0.0–1.3)a 1.1 (0.3–3.5)a 3.3 (1.9–5.7)** 0.2 (0.0–1.9)a 1.4 (0.5–4.1)a**

 Clonidine 0.8 (0.5–1.3) 0.0 0.2 (0.0–1.3)a 1.0 (0.3–3.5)a 2.1 (0.8–5.0)a 0.2 (0.0–1.9)a 0.9 (0.2–4.5)a

 Guanfacine 0.4 (0.2–0.9)a 0.0 0.0 0.2 (0.0–0.8)a 1.5 (0.6–3.6)a** 0.0 0.5 (0.1–2.3)a

Analgesics 1.1 (0.7–1.6) 0.2 (0.0–0.8)a 1.0 (0.4–2.3)a 0.6 (0.2–1.9)a 0.2 (0.0–0.7)a 3.2 (1.6–6.4)a 1.2 (0.6–2.3)a*
 Nonsteroidal anti- 

inflammatory agents
0.7 (0.4–1.2) 0.2 (0.0–0.8)a 0.9 (0.4–2.2)a* 0.3 (0.1–1.1)a 0.0 1.8 (0.8–4.2)a 1.0 (0.5–2.2)a

  Diclofenac 0.1 (0.0–0.8)a 0.0 0.0 0.0 0.0 0.6 (0.1–4.9)a 0.1 (0.0–0.7)a

 Narcotics 0.4 (0.2–0.8) 0.0 0.1 (0.0–0.6)a* 0.5 (0.1–1.8)a 0.2 (0.0–0.7)a 1.5 (0.7–3.5)a 0.2 (0.0–0.9)a**

  Hydrocodone 0.3 (0.2–0.7)a 0.0 0.1 (0.0–0.6)a 0.2 (0.0–1.0)a 0.1 (0.0–0.8)a 1.3 (0.5–3.4)a 0.2 (0.0–0.9)a

  Oxycodone 0.2 (0.1–0.5)a 0.0 0.0 0.3 (0.0–2.2)a 0.0 0.8 (0.3–2.6)a 0.0
Antiemetic agents 0.7 (0.5–1.1) 0.5 (0.1–1.6)a 1.1 (0.3–3.3)a 0.8 (0.3–2.4)a 0.2 (0.1–0.6)a 1.6 (0.8–3.3)a 0.1 (0.0–1.2)a

 Ondansetron 0.5 (0.3–0.8) 0.1 (0.0–1.1)a 0.7 (0.2–2.8)a 0.5 (0.1–2.3)a 0.1 (0.0–0.5)a 1.1 (0.4–3.2)a 0.1 (0.0–1.2)a

 Diphenhydramine 0.2 (0.1–0.3)a 0.2 (0.0–0.8)a 0.0 0.1 (0.0–1.2)a 0.2 (0.0–0.8)a 0.5 (0.2–1.6)a 0.0
 Promethazine 0.1 (0.0–0.4)a 0.1 (0.0–0.9)a 0.4 (0.1–1.8)a* 0.1 (0.0–1.0)a 0.0 0.0 0.0
Antidiabetic agents 0.5 (0.2–1.2)a 0.0 0.0 0.1 (0.0–0.7)a 1.3 (0.3–5.2)a 1.4 (0.5–3.7)a 0.1 (0.0–1.0)a

 Metformin 0.2 (0.1–0.6)a 0.0 0.0 0.0 0.1 (0.0–0.4)a 1.1 (0.3–3.7)a 0.0
 Insulin 0.3 (0.1–0.8)a 0.0 0.0 0.1 (0.0–0.7)a 1.2 (0.3–5.3)a* 0.3 (0.1–0.6)a 0.1 (0.0–1.0)a

Estimates are weighted to account for differential probabilities of selection and differential nonresponse. H2, histamine2; PPI, proton pump inhibitors.
a Estimates are unreliable; relative SE >30%.
b Derived from Multum classification of psychotherapeutic agents, CNS stimulants, anticonvulsants, and anxiolytics, sedatives, and hypnotics.
c Among girls only.
** P < .01; * P < .05 by using logistic regressions to test differences between girls and boys.

TABLE 2 Continued

FIGURE 2
Weighted prevalence estimates of concurrent (≥2) prescription medication use over time and by gender and age group among children and adolescents 
in the United States. Estimates are weighted to account for differential probabilities of selection and differential nonresponse. A, Trends in concurrent 
medication use (2013–2014). B, Concurrent use by gender and age group (2013–2014). Boys ages 0 to 5 and 6 to 12 years report higher prevalence of 
concurrent medication use than girls (P = .05 and P < .05, respectively). a Prevalence of potential DDIs restricted to children who concurrently use ≥2 
prescription medications; because of the small number of DDI cases, trend estimates are unstable.
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by 78 people, making the overall rate 
0.7% (CI, 0.5%–1.0%). We found only 
1 individual using a contraindicated 
DDI (aripiprazole–metoclopramide).
Among concurrent users of 
prescription medications, 8.2% 
[CI, 6.0%–11.1%] were at risk for 
potential major DDIs (Table 4). 
Nearly half of interacting regimens 
used involved psychotropic agents, 
primarily antidepressants, the most 
common adverse interaction effect 
being QT prolongation. The majority 
(68.0% [CI, 55.9%–78.0%]) of these 
interacting regimens involved the use 
of at least 1 acute medication.

The use of combinations with 
potential major DDIs was higher 
among adolescent girls (18.1%  
[CI, 11.0%–28.4%]) than among boys 
(6.6% [CI, 3.6%–11.9%], P < .05). 
This difference was largely due to 
the disproportionate use of tricyclic 
antidepressants in interacting 
combinations that involved acute 
medications, specifically nonsteroidal 
anti-inflammatory drugs (NSAIDs) 
(most commonly diclofenac–
amitriptyline), antiemetics 
(ondansetron–nortriptyline), and 
albuterol (albuterol–amitriptyline) 
by adolescent girls. Atypical 
antipsychotics accounted for the 
vast majority of interacting drug 
combinations in boys ages 6 to 12, 
whereas antidepressants accounted 
for the majority in adolescent boys.

Whereas overall prevalence of 
potential major DDIs among 
concurrent users of prescription 
medications is similar to that 
reported during 2003–2008 (8.7% 
[95% CI, 6.5%–11.5%]), there 
was a significant increase among 
adolescent girls (11.8% [CI, 6.9%–
19.7%] during 2003–2008 vs 18.1% 
[CI, 11.0%–28.4%] during 2009–
2014; P < .05; Supplemental Table 8).

DISCUSSION

We used directly observed 
medication data from nationally 
representative samples to 

examine use and concurrent 
use of prescription medications 
among children and adolescents 
in the United States. During 
2013–2014, one-fifth of children 
and adolescents used at least 1 
prescription medication and ∼1 in 10 
concurrently used ≥2 prescription 
medications. Among children and 
adolescents concurrently using ≥2 
prescription medications, 1 in 12 was 
at risk for a major DDI. Our findings 
are important because prescription 
medications are commonly used 
by children and adolescents in the 
United States, and population-level 
monitoring is needed to detect 
modifiable risk and optimize safe use.

Since 2003–2004, we observed a 
decline in the use of acute medications, 
corroborating findings from a previous 
analysis of pharmacy claims.22 This 
decline was mainly attributable to 
lower rates of antibiotic use, which was 
also observed in previous research. 
We also found, however, that acute 
medications were commonly used 
in potentially life-threatening drug 
combinations, particularly among 
adolescent girls. More than three-
quarters of potential major DDIs 
we identified involved prescription 
medications used acutely (eg, 
macrolide antibiotics, antiemetics,  
and albuterol), and nearly half of  
these interacting combinations also 
involved an antidepressant. The 
potential for QT prolongation is 
especially noteworthy given that it is 
often asymptomatic and unpredictable 
yet can develop quickly into a serious 
arrhythmia or sudden cardiac  
death, 23,  24 a serious yet underreported 
problem in children and adolescents.25, 26  
Instability in insurance coverage for 
children and fragmentation of health 
care (eg, use of retail clinics and 
emergency departments for episodic 
care) may increase the risk that a 
physician prescribing medication for 
an acute illness is unaware of a child’s 
chronic medication regimen. Systemic 
strategies, including patient and 
provider access to accurate medication 

use data, are needed to reduce the risk 
of such major DDIs among children.

Highlighted in our findings is also an 
important opportunity to improve 
the safe use of medications among 
adolescent girls given that nearly 1 in 
5 adolescent girls who concurrently 
used prescription medications was at 
risk for a DDI. The threefold higher 
prevalence of these interacting drug 
regimens among adolescent girls, 
when compared with adolescent 
boys, was largely due to a higher 
rate of tricyclic antidepressant use in 
combination with acute medications, 
most commonly macrolide 
antibiotics, antiemetics, NSAIDs, and 
proton pump inhibitors (PPIs). These 
acute medications may be prescribed 
to treat sexually transmitted 
infections (eg, azithromycin) or 
gastrointestinal symptoms (eg, 
ondansetron, omeprazole) from 
eating disorders.27,  28 Some are also 
available over-the-counter (OTC), 
specifically NSAIDs and PPIs. Product 
labeling for OTC medications does 
not always include comprehensive 
information on adverse effects, 
including DDIs. For example, in the 
labeling for OTC omeprazole, the DDI 
between citalopram and omeprazole 
is not mentioned.29 Many adolescent 
girls and their parents may therefore 
not be aware of the cardiovascular 
risks associated with use.

We also found that prescription 
medications associated with an 
increased risk of suicidality are 
commonly used in children and 
adolescents and are often used 
together. For example, more than 
half of adolescent girls taking 
antidepressants concurrently use 
at least 2 additional psychotropic 
medications or hormonal 
contraceptives. Although there is 
some evidence that the combined use 
of these drugs may increase the onset 
and severity of suicidal thoughts 
and behavior, 19,  30 we found no cases 
of DDIs associated with suicidality. 
This finding is expected because 
suicidality, in contrast to serotonin 
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syndrome and QT prolongation, is 
not captured as a potential DDI in 
existing drug interaction software, 31  
including Micromedex. Therefore, 
health care professionals, including 
psychiatrists, may not be fully aware 
of the suicidal risks associated with 
the concurrent use of prescription 
medications in the evaluation and 
treatment of depressive symptoms  
in younger patients.

With these findings, it is suggested 
that preventive efforts used to 
improve the safe use of medications 
by children should promote public 
and health professional awareness 
of the increased risks associated 
with concurrent use of prescription 
and OTC medications, particularly 
suicidality and QT prolongation. Such 
efforts may include incorporation of 
a list of commonly used medications 
and interacting combinations 
associated with increases in QT 
prolongation and suicidal risks in 
treatment guidelines and screening 
tools for depression. Efforts 
should be used to target both 
consumers and health professionals, 
including those involved in acute 
or episodic care. Such efforts are 
particularly important among 
adolescents considering suicide 
and cardiovascular events, as well 
as unintentional drug overdoses, 
are persistently leading causes 
of death.16,  32 Nonmedical use of 
prescription drugs, including opioids, 
is also more prevalent in adolescents 
than in younger children33 and is 
known to increase risk for both 
suicide and sudden death.

This study has several limitations. 
We examined the potential for 
DDIs rather than actual adverse 
drug events. Prescribers might 
have been aware of the risks 
and benefits of coprescribing 
the medications, established an 
appropriate monitoring plan, and 
determined in discussion with the 
patient and/or caregiver that the 
potentially interacting regimen may 
be the best option for the patient. 
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Second, our medication data were 
limited to prescription medications 
and were not used to capture 
information on OTC products. 
Therefore, we likely underestimate 
the rates of use, and potential DDIs, 
for several therapeutic classes 
(eg, antihistamines, PPIs, NSAIDs) 
that are widely available without 
a prescription. Moreover, OTC 
products, including acetaminophen 
and cough and cold medicines, are 
key contributors to adverse drug 
events in children.34 Third, we used 
the Micromedex drug interaction 
software to identify potentially 
major DDIs in our sample, and other 
drug interaction software may yield 
different estimates. However, the 
accuracy, including sensitivity and 
specificity, comprehensiveness, 
and usefulness of Micromedex has 
been previously established.35,  36For 
example, authors of a study in which 
the various software for DDIs were 
evaluated ranked Micromedex the 
highest in accuracy.35 Fourth, the 
estimates for DDIs are for 30-day 
point prevalence. Therefore,  

it is possible that over a longer  
period of time, the concurrent  
use of potential DDIs is greater  
than our estimates.

In addition, the distinction between 
acute and chronic is not absolute; 
some medications initiated <30 
days before data collection, yet 
intended for chronic use, may 
have been misclassified as acute. 
Last, for children <16 years old, 
a parent or guardian answered 
questions on their child’s use of 
prescription medications. Therefore, 
underreporting is possible, 
particularly for prescription 
medications surreptitiously used 
by the child. Finally, NHANES may 
be underpowered to examine the 
prevalence of medication use, 
resulting in unreliable nationwide 
estimates.

CONCLUSIONS

Using nationally representative  
data, we found that many children  
and adolescents use and 

concurrently use prescription 
medications in the United States. 
Among concurrent users of 
prescription medications, nearly 1  
in 12 was at risk for a major  
DDI. Largely because of their  
higher rate of acute medication  
use, adolescent girls were at a  
higher risk of using interacting  
drug regimens than other 
subgroups. Treatment and 
prevention efforts to reduce the 
burden of adverse drug events in 
younger populations should be  
used to consider the role of 
interacting drug combinations, 
especially among these  
individuals.

ABBREVIATIONS

CI:  confidence interval
CNS:  central nervous system
DDI:  drug–drug interaction
NSAID:  nonsteroidal anti-inflam-

matory drug
OTC:  over-the-counter
PPI:  proton pump inhibitor

REFERENCES

 1.  Kit BK, Simon AE, Ogden CL, Akinbami 
LJ. Trends in preventive asthma 
medication use among children and 
adolescents, 1988-2008. Pediatrics. 
2012;129(1):62–69

 2.  Zuvekas SH, Vitiello B. Stimulant 
medication use in children: a 12-year 

perspective. Am J Psychiatry. 
2012;169(2):160–166

 3.  Pratt LA, Brody DJ, Gu Q. 
Antidepressant use in persons  
aged 12 and over: United States,  
2005-2008. NCHS Data Brief. 2011; 
(76):1–8

 4.  Grijalva CG, Nuorti JP, Griffin MR. 
Antibiotic prescription rates for 
acute respiratory tract infections 
in US ambulatory settings. JAMA. 
2009;302(7):758–766

 5.  Goyal M, Hersh A, Luan X, Localio R, 
Trent M, Zaoutis T. Are emergency 

PEDIATRICS Volume 142, number 3, September 2018 11

Address correspondence to Dima M. Qato, PharmD, MPH, PhD, Department of Pharmacy Systems, Outcomes, and Policy, University of Illinois at Chicago, 833 S. 
Wood St #266, Chicago, IL 60612. E-mail: dimaqato@uic.edu

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2018 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: Dr Qato serves as a paid consultant for Public Citizen’s Health Research Group; Dr Lindau is the founder and co-owner of NowPow, LLC; 
and the other authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: Dr Qato was supported in part by the Robert Wood Johnson Foundation as part of the Clinical Scholars Leadership program. Ms Guadamuz was 
supported in part by the Robert Wood Johnson Foundation as part of the Health Policy Research Scholar program. The views expressed here do not necessarily 
reflect the views of the Robert Wood Johnson Foundation.

POTENTIAL CONFLICT OF INTEREST: Dr Alexander is chair of the Food and Drug Administration’s Peripheral and Central Nervous System Advisory Committee; 
serves as a paid advisor to IQVIA; serves on the advisory board of MesaRx Innovations; holds equity in Monument Analytics, a health care consultancy whose 
clients include the life sciences industry as well as plaintiffs in opioid litigation; and serves as a member of OptumRx’s Pharmacy and Therapeutics Committee. 
This arrangement has been reviewed and approved by Johns Hopkins University in accordance with its conflict of interest policies; and the other authors have 
indicated they have no potential conflicts of interest to disclose.

COMPANION PAPER: A companion to this article can be found online at www. pediatrics. org/ cgi/ doi/ 10. 1542/ peds. 2018- 2023.

 by guest on January 20, 2019www.aappublications.org/newsDownloaded from 

mailto:
http://www.pediatrics.org/cgi/doi/10.1542/peds.2018-2023


departments appropriately  
treating adolescent pelvic 
inflammatory disease? JAMA  
Pediatr. 2013;167(7):672–673

 6.  Claassen JA, Gelissen HP. The 
serotonin syndrome. N Engl J Med. 
2005;352(23):2454–2456; author reply 
2454–2456

 7.  Karpa KD, Felix TM, Lewis PR. Adverse 
effects of common drugs: children and 
adolescents. FP Essent. 2015;436:17–22

 8.  Riordan M, Rylance G, Berry K. 
Poisoning in children 3: common 
medicines. Arch Dis Child. 
2002;87(5):400–402

 9.  Smyth RM, Gargon E, Kirkham J, et al. 
Adverse drug reactions in children–a 
systematic review. PLoS One. 
2012;7(3):e24061

 10.  Taylor D. Typical and atypical 
antipsychotics increase risk of sudden 
cardiac death. Evid Based Ment Health. 
2009;12(3):92

 11.  Furman L. Stimulants and sudden 
death: what is the real risk? Pediatrics. 
2007;119(2):409; author reply 409–410

 12.  Institute for Safe Medication Practices. 
QuarterWatch reports: an independent 
perspective on emerging drug 
risks. Available at: www. ismp. org/ 
quarterwatch. Accessed January 16, 
2018

 13.  Hampton LM, Daubresse M, Chang HY, 
Alexander GC, Budnitz DS. Emergency 
department visits by children and 
adolescents for antipsychotic drug 
adverse events. JAMA Psychiatry. 
2015;72(3):292–294

 14.  Cohen AL, Budnitz DS, Weidenbach 
KN, et al. National surveillance of 
emergency department visits for 
outpatient adverse drug events in 
children and adolescents. J Pediatr. 
2008;152(3):416–421

 15.  Shehab N, Lovegrove MC, Geller AI, 
Rose KO, Weidle NJ, Budnitz DS. US 
emergency department visits for 
outpatient adverse drug events, 2013-
2014. JAMA. 2016;316(20):2115–2125

 16.  Murphy SL, Mathews TJ, Martin JA, 
Minkovitz CS, Strobino DM. Annual 

summary of vital statistics: 2013-2014. 
Pediatrics. 2017;139(6):e20163239

 17.  Vernacchio L, Kelly JP, Kaufman DW, 
Mitchell AA. Medication use among 
children <12 years of age in the  
United States: results from 
the Slone Survey. Pediatrics. 
2009;124(2):446–454

 18.  Hales CM, Kit BK, Gu Q, Ogden CL. 
Trends in prescription medication 
use among children and adolescents-
United States, 1999-2014. JAMA. 
2018;319(19):2009–2020

 19.  Hilt RJ, Chaudhari M, Bell JF, Wolf C, 
Koprowicz K, King BH. Side effects 
from use of one or more psychiatric 
medications in a population-based 
sample of children and adolescents. 
J Child Adolesc Psychopharmacol. 
2014;24(2):83–89

 20.  Zipf G, Chiappa M, Porter KS, Ostchega 
Y, Lewis BG, Dostal J. National health 
and nutrition examination survey: 
plan and operations, 1999–2010. Vital 
Health Stat 1. 2013;(56):1–37

 21.  National Center for Health Statistics. 
Data Documentation, Codebook, and 
Frequencies: Prescription Medications 
- Drug Information (RXQ_DRUG). 
Atlanta, GA: National Center for Health 
Statistics; 2014

 22.  Chai G, Governale L, McMahon AW, 
Trinidad JP, Staffa J, Murphy D. Trends 
of outpatient prescription drug 
utilization in US children, 2002-2010. 
Pediatrics. 2012;130(1):23–31

 23.  Frommeyer G, Fischer C, Ellermann 
C, et al. Additive proarrhythmic 
effect of combined treatment with 
QT-prolonging agents. Cardiovasc 
Toxicol. 2018;18(1):84–90

 24.  Marzuillo P, Benettoni A, Germani C, 
Ferrara G, D’Agata B, Barbi E. Acquired 
long QT syndrome: a focus for the 
general pediatrician. Pediatr Emerg 
Care. 2014;30(4):257–261

 25.  Wren C. Sudden death in children and 
adolescents. Heart. 2002;88(4):426–431

 26.  Pilmer CM, Kirsh JA, Hildebrandt D, 
Krahn AD, Gow RM. Sudden cardiac 
death in children and adolescents 

between 1 and 19 years of age. Heart 
Rhythm. 2014;11(2):239–245

 27.  Eiro M, Katoh T, Watanabe T. Use of a 
proton-pump inhibitor for metabolic 
disturbances associated with anorexia 
nervosa. N Engl J Med. 2002;346(2):140

 28.  Hartman BK, Faris PL, Kim SW, et al. 
Treatment of bulimia nervosa with 
ondansetron. Arch Gen Psychiatry. 
1997;54(10):969–970

 29.  Prilosec OTC. Free starter kit of 
Prilosec OTC: treats frequent 
heartburn. Available at: https:// www. 
accessdata. fda. gov/ drugsatfda_ 
docs/ label/ 2007/ 021229s006lbl. pdf. 
Accessed January 1, 2018

 30.  Qato DM, Ozenberger K, Olfson M. 
Prevalence of prescription medications 
with depression as a potential adverse 
effect among adults in the United 
States. JAMA. 2018;319(22):2289–2298

 31.  Liu X, Hatton RC, Zhu Y, et al. 
Consistency of psychotropic drug-
drug interactions listed in drug 
monographs. J Am Pharm Assoc 
(2003). 2017;57(6):698–703.e2

 32.  Curtin SC, Tejada-Vera B, Warmer 
M. Drug overdose deaths among 
adolescents aged 15-19 in the United 
States: 1999-2015. NCHS Data Brief. 
2017;(282):1–8

 33.  Subramaniam GA, Volkow ND. 
Substance misuse among adolescents: 
to screen or not to screen? [published 
correction appears in JAMA Pediatr. 
2014;168(10):971]. JAMA Pediatr. 
2014;168(9):798–799

 34.  Schaefer MK, Shehab N, Cohen AL, 
Budnitz DS. Adverse events from cough 
and cold medications in children. 
Pediatrics. 2008;121(4):783–787 

 35.  Barrons R. Evaluation of personal 
digital assistant software for drug 
interactions. Am J Health Syst Pharm. 
2004;61(4):380–385

 36.  Cheng CM, Guglielmo BJ, Maselli 
J, Auerbach AD. Coverage of FDA 
medication boxed warnings in 
commonly used drug information 
resources. Arch Intern Med. 
2010;170(9):831–833 

QATO et al12
 by guest on January 20, 2019www.aappublications.org/newsDownloaded from 

www.ismp.org/quarterwatch
www.ismp.org/quarterwatch
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021229s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021229s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021229s006lbl.pdf


DOI: 10.1542/peds.2018-1042 originally published online August 27, 2018; 
2018;142;Pediatrics 

Dima M. Qato, G. Caleb Alexander, Jenny S. Guadamuz and Stacy Tessler Lindau
States

Prescription Medication Use Among Children and Adolescents in the United

Services
Updated Information &

http://pediatrics.aappublications.org/content/142/3/e20181042
including high resolution figures, can be found at: 

References
http://pediatrics.aappublications.org/content/142/3/e20181042#BIBL
This article cites 32 articles, 9 of which you can access for free at: 

Subspecialty Collections

http://www.aappublications.org/cgi/collection/standard_of_care_sub
Standard of Care
http://www.aappublications.org/cgi/collection/safety_sub
Safety
_management_sub
http://www.aappublications.org/cgi/collection/administration:practice
Administration/Practice Management
following collection(s): 
This article, along with others on similar topics, appears in the

Permissions & Licensing

http://www.aappublications.org/site/misc/Permissions.xhtml
in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or

Reprints
http://www.aappublications.org/site/misc/reprints.xhtml
Information about ordering reprints can be found online: 

 by guest on January 20, 2019www.aappublications.org/newsDownloaded from 

http://http://pediatrics.aappublications.org/content/142/3/e20181042
http://pediatrics.aappublications.org/content/142/3/e20181042#BIBL
http://www.aappublications.org/cgi/collection/administration:practice_management_sub
http://www.aappublications.org/cgi/collection/administration:practice_management_sub
http://www.aappublications.org/cgi/collection/safety_sub
http://www.aappublications.org/cgi/collection/standard_of_care_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml


DOI: 10.1542/peds.2018-1042 originally published online August 27, 2018; 
2018;142;Pediatrics 

Dima M. Qato, G. Caleb Alexander, Jenny S. Guadamuz and Stacy Tessler Lindau
States

Prescription Medication Use Among Children and Adolescents in the United

 http://pediatrics.aappublications.org/content/142/3/e20181042
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

http://pediatrics.aappublications.org/content/suppl/2018/08/27/peds.2018-1042.DCSupplemental
Data Supplement at: 

1073-0397. 
ISSN:60007. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved. Print 

the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by 
Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it

 by guest on January 20, 2019www.aappublications.org/newsDownloaded from 

http://pediatrics.aappublications.org/content/142/3/e20181042
http://pediatrics.aappublications.org/content/suppl/2018/08/27/peds.2018-1042.DCSupplemental



