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WHAT’S KNOWN ON THIS SUBJECT: A wide variety of prescription
drugs are prescribed to US children. Although one of the steps in
assessing the risk/beneﬁt of therapies in the pediatric population
is to understand how they are used, pediatric drug utilization is
not well characterized.
WHAT THIS STUDY ADDS: By using large prescription databases,
this study examines the frequency and patterns of national
outpatient drug utilization (acute and chronic medications) in US
infants, children, and adolescents for 2002 through 2010.

abstract
OBJECTIVE: To describe trends in outpatient prescription drug utilization in US children and the changes in major areas of pediatric
therapeutic use for the years 2002 through 2010.
METHODS: Large prescription databases (the IMS Vector One: National
and Total Patient Tracker) were used to examine national drug utilization
patterns for the US pediatric population (ages 0–17 years) from 2002
through 2010.
RESULTS: In 2010, a total of 263.6 million prescriptions were dispensed
to the US pediatric population, 7% lower than in 2002, while prescriptions dispensed to the adult population increased 22% during the same
time. Analysis of pediatric drug utilization trends for the top 12 therapeutic areas in 2010 compared with 2002 showed decreases in systemic
antibiotics (–14%), allergies (–61%), pain (–14%), depression (–5%),
and cough/cold without expectorant (–42%) prescriptions, whereas
asthma (14%), attention-deﬁcit/hyperactivity disorder (46%), and
contraceptive (93%) prescriptions increased. In 2010, amoxicillin
was the most frequently dispensed prescription in infants (aged 0–23
months) and children (aged 2–11 years). Methylphenidate was the top
prescription dispensed to adolescents (aged 12–17 years). Off-label use
was identiﬁed, particularly for lansoprazole; ∼358 000 prescriptions
were dispensed in 2010 for infants ,1 year old.
CONCLUSIONS: Changes in the patterns of pediatric drug utilization
were observed from 2002 to 2010. Changes include a decrease in antibiotic use and an increase in attention-deﬁcit/hyperactivity disorder
medication use during the examined time. This article provides an
overview of pediatric outpatient drug utilization, which could set the
stage for further in-depth analyses. Pediatrics 2012;130:23–31
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For decades, clinicians have prescribed
therapies to children, relying on data
from adult clinical studies because data
from appropriate pediatric safety or
efﬁcacy studies were lacking.1–3 The
application of adult data to children is
often complicated by different expressions of adverse effects and varying
pharmacokinetic and pharmacodynamic
proﬁles, even within the pediatric population (neonates versus adolescents).
One study found that children were prescribed at least 1 “off-label” prescription
in 62% of ofﬁce visits during the years
2001 through 2004.4 Until recently, conducting drug development studies in
children has not been of great interest
for industry. Efforts in the form of legislation, the pediatric exclusivity component of the Food and Drug Modernization
Act of 1997, the Best Pharmaceuticals for
Children Act of 2002, the Pediatric Research Equity Act of 2003, and the Food
and Drug Administration Amendments
Act, either provided incentives for or
required pediatric studies in drug development.5–8 Since 1997, legislation has
resulted in ∼400 products studied in
children and .150 products with
pediatric-focused postmarketing safety
reviews.9,10 Although the impact of these
studies on clinical practice has yet to be
formally analyzed, this article seeks to
provide, as an initial effort, an overview
of pediatric outpatient drug utilization.
Understanding pediatric drug utilization is an important component in the
assessment of therapies used in the
pediatric population. Drug utilization
data can provide information on the
frequency and patterns of use, grouped
according to therapeutic areas and
patient demographic characteristics.
Areas of extensive off-label pediatric
use can be identiﬁed, providing insight
into where potential therapeutic needs
exist for pediatric drug development
and clinical safety and efﬁcacy studies.
Nationwide utilization data can be used
to examine the impact of US Food and
24

Drug Administration (FDA) regulatory
actions, help target risk management/
mitigation messages, and inform decisions made in clinical practice.11
The Centers for Disease Control and
Prevention annually publishes a summary of health statistics for US children
with highlights on selected topics, including prescription drug use.12 Although
a few studies have also examined pediatric drug use, studies on national
drug utilization are not widely available. In 1 study, data obtained from the
Slone Survey were used to estimate
medication use in patients aged ,12
years.13 This study provided a sampling of pediatric over-the-counter (OTC)
and prescription drug use based on a
random-digit-dial telephone survey. However, the Slone Survey relied on selfreported use, which may be subject
to response bias or misclassiﬁcation of
medications. In another study, chronic
medication use in patients aged 5 to 19
years was examined but was limited to
the commercially insured population.14
By using large prescription claims
databases, our study seeks to examine
national outpatient drug use (acute
and chronic medications) in US patients
aged 0 to 17 years, including cash,
Medicaid, and commercially insured
populations from 2002 through 2010.
Due to the recent interest in proton
pump inhibitors (PPIs) and medications used to treat attention-deﬁcit/
hyperactivity disorder (ADHD), our
study also includes a focus on lansoprazole use and ADHD treatment.15–17

METHODS
Dispensed prescription and patient
utilization data were obtained from the
IMS Vector One: National (VONA) and
Total Patient Tracker, 2 large commercial prescription and patient databases
of drugs dispensed from outpatient
retail pharmacies. IMS contracts with
retail pharmacies, software providers,
and pharmacy claims aggregators to

obtain dispensed prescription data from
two-thirds of the universe of roughly
59 000 retail pharmacies. IMS maintains
a stable data feed through its multiyear
contracts with its data suppliers. The
data captured by IMS account for approximately one-half of all retail prescriptions dispensed in the United
States. IMS projected these data to the
national level by using a proprietary
projection method incorporating geography, pay type, and class of trade (eg,
retail, independent, mass merchandisers). All data were de-identiﬁed. An
exemption for use of these data was
granted by the FDA institutional review
board chairperson under 45CFR46.101
(b)(4).
Utilization data were subdivided according to patient age: pediatric (0–17
years) and adult ($18 years). Further subdivisions were infants (0–23
months), children (2–11 years), and
adolescents (12–17 years), age classiﬁcations similar to those in an FDA
guidance regarding the pediatric
population.18 Neonatal patients aged
0 to 27 days could not be separately
identiﬁed by using the databases
available.
Drug products were examined in terms
of therapeutic areas or drug markets
and active ingredients or molecules,
both predeﬁned by IMS and mapped to
each drug product in the database. IMS
grouped drug products within a drug
market on the basis of the drug product’s ﬁrst approved indication. For example, montelukast is included in the
asthma market but not in the allergy
market. However, products included in
a therapeutic area may not necessarily
have an approved pediatric indication.
Drug products were also grouped into
molecules, which refer to the active ingredient(s) in a drug product. For example, the drug product Augmentin includes
2 active ingredients mapped to the molecule “amoxicillin/clavulanate.” For this
analysis, the term molecule included all

CHAI et al

Downloaded from www.aappublications.org/news by guest on September 27, 2020

ARTICLE

brands/generics and dosage forms of
the active ingredient(s) dispensed in
the outpatient setting. Data on OTC
medications, herbals, and supplements,
or in mail order prescriptions, were not
included.
Weighted least squares linear regression
(WLSLR) was used to assess the annual
trend of the estimated prescriptions
dispensed and the annual trend of
the rate of prescriptions dispensed per
million residents. Estimates of US residents were derived from US census
data.19 Unlike standard linear regression, WLSLR corrects the unequal variance in estimates by inversely weighting
the estimates according to their precision. The 95% conﬁdence intervals
(CIs) for VONA’s estimates of prescriptions dispensed, as well as the 95%
CIs for the calculated rates, provided
the measure of precision (speciﬁcally,
variance) required for WLSLR. Annual
trends were statistically signiﬁcant
if likelihood-ratio tests derived from
the WLSLR models yielded P values
,.05. WLSLR was conducted by using
PROC MODEL in SAS version 9.2 (SAS
Institute, Inc, Cary, NC). Sensitivity analyses assessed the presence of autoregressive correlation in the drug
utilization trends.

RESULTS
Approximately 263 million prescriptions were dispensed to the pediatric
population in 2010, 7% lower than the
number of prescriptions dispensed in
2002. From 2002 to 2010, the number
of pediatric prescriptions signiﬁcantly
decreased on average by 2.4 million
prescriptions per year. In the adult
population, 3.3 billion prescriptions
were dispensed in 2010, 22% higher
than the number dispensed in 2002
and signiﬁcantly increasing on average
by 86 million prescriptions per year
(Table 1). When annual population size
is taken into account, prescriptions
dispensed to pediatric patients decreased by 43 900 prescriptions per
million residents per year, a –9%
change from 2002 to 2010, and adult
prescriptions increased by 229 600 prescriptions per million residents per
year, an 11% change (Fig 1).

Of nearly 2200 molecules examined, 30
molecules were identiﬁed as having the
highest number of unique pediatric
patients who received prescriptions
dispensed for the respective molecules
from outpatient retail pharmacies in
2010 (Table 2). Each of these 30 molecules had .1 million unique pediatric
patients who received a prescription
for the respective molecule in 2010. For
example, 18.3 million unique pediatric
patients received $1 prescription for
amoxicillin during 2010. However, for
the majority of molecules available on
the market, .1700 molecules each had
,10 000 pediatric patients in 2010.
Similar proportions of use were found
in an analysis conducted for the total
population, including adults, although
the top drug molecules differed (data
not shown).
Figures 2 and 3 show trends in pediatric drug utilization for the top 12

TABLE 1 Total Number of Outpatient Retail Prescriptions Dispensed (in Millions) to the Pediatric
and Adult Populations From US Retail Pharmacies, 2002 Through 2010
Prescription

2002

2003

2004

2005

2006

2007

2008

2009

2010

Total
Pediatric
(0 to ,18 y)
Adult ($18 y)

3038.9
283.3

3084.0
286.7

3116.2
266.8

3193.0
272.3

3307.8
273.3

3456.9
272.2

3545.8
262.2

3566.7
266.6

3596.3
263.6

2736.7

2779.4

2820.2

2892.0

3034.3

3184.6

3283.6

3299.5

3332.5

Source: VONA, 2002 through 2010; extracted March 2011.

FIGURE 1

Estimated number of outpatient prescriptions dispensed per million residents according to patient age (0–17 and $18 years) from US retail pharmacies, 2002
through 2010. *Statistically signiﬁcant linear trend at P value = .05. Estimates were derived from the following sources: US census projections and estimates
and VONA. Years 2002 through 2010; extracted December 2011. CIs for estimates are suppressed because the relative SEs of the estimates are ,1%.
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TABLE 2 Top Drug Molecules According to
Number of Unique Pediatric
Patients (Ages 0–17 Years) Who
Received Prescriptions Dispensed
From US Retail Pharmacies in 2010
Drug Molecule

Pediatric
Patients (N)

Amoxicillin
Azithromycin
Albuterol
Amoxicillin/clavulanate
Cefdinir
Cephalexin
Fluticasone
Prednisolone sodium phosphate
Ibuprofen
Montelukast
Sulfamethoxazole/trimethoprim
Codeine phosphate/acetaminophen
Hydrocodone bitartrate/
acetaminophen
Mupirocin
Nystatin
Methylphenidate
Dextromethorphan/phenylephrine/
chlorpheniramine
Mometasone
Triamcinolone
Prednisone
Sodium ﬂuoride
Multivitamins with ﬂuoride
Amphetamine/dextroamphetamine
Hydrocortisone
Budesonide
Ciproﬂoxacin/dexamethasone
Promethazine
Prednisolone
Antipyrine/benzocaine
Lisdexamfetamine

18 292 768
10 171 046
7 343 063
4 454 926
4 308 857
4 009 275
3 144 844
2 932 124
2 887 667
2 629 494
2 568 202
1 993 396
1 967 638
1 927 453
1 892 573
1 879 178
1 859 851
1 859 475
1 516 887
1 466 328
1 393 819
1 340 073
1 237 154
1 179 002
1 174 880
1 134 611
1 107 342
1 106 900
1 027 768
1 022 442

Source: IMS Total Patient Tracker, year 2010; extracted April
2011.

therapeutic areas or drug markets from
2002 through 2010. Systemic antibiotics
were the most frequently dispensed,
accounting for 24% to 27% of all pediatric prescriptions between 2002 and
2010. Five drug markets had a statistically signiﬁcant decreasing trend in
prescriptions dispensed to pediatric
patients. The allergies (–61%), cough/
cold without expectorant (–42%), depression (–5%), pain (–14%), and systemic
antibiotics (–14%) markets decreased
in prescriptions dispensed for 2010
compared with 2002. The allergies market had the largest decreasing trend
(–2.2 million prescriptions/year) and the
largest decrease (–61%) in prescriptions
26

dispensed for 2010 compared with 2002.
Only the acne market had no statistically signiﬁcant trend in prescriptions,
although its prescriptions dispensed in
2010 was 13% lower than in 2002. When
accounting for the annual pediatric
population size, the rate of prescriptions dispensed per million US residents aged 0 to 17 years decreased in
a statistically signiﬁcant trend for the
acne market but did not signiﬁcantly
change for the asthma market, which
had a statistically signiﬁcant trend
when not accounting for population
size. Statistical signiﬁcance did not
change for all other drug markets
after accounting for the pediatric population size per year.

June 2010 Pediatric Advisory Committee.17 Because of the recent interest in
pediatric PPI use, lansoprazole use in
the off-label population of patients aged
,1 year was also examined. Approximately 70% (358 000 prescriptions out
of 515 000 prescriptions) of outpatient
lansoprazole prescriptions dispensed to
infants were to patients aged ,1 year.
In children (2–11 years), antibiotics
and asthma products along with ADHD
products ranked among the top drugs
used. In adolescent patients (12–17
years), contraceptives and pain medications, along with antibiotics, asthma,
and ADHD products, were among the
most frequently dispensed prescriptions in 2010.

Six drug markets had a statistically
signiﬁcant increasing trend in prescriptions dispensed to pediatric patients.
The ADHD (46%), asthma (14%), corticosteroids dermal (10%), corticosteroids oral (22%), contraceptive (93%),
and seizure disorder (10%) markets
increased in prescriptions dispensed
for 2010 compared with 2002. The ADHD
market had the largest increasing trend
(0.8 million prescriptions/year), followed
by the contraceptive market (0.5 million
prescriptions/year). The contraceptive
market had the largest increase in prescriptions dispensed in 2010 compared
with 2002 (93% in prescriptions dispensed and 88% in prescriptions dispensed per million US female residents
aged 0–17 years). However, compared
with the other categories, the contraceptive market also had the lowest
number of prescriptions dispensed in
2002.

Our analyses of utilization trends by
therapeutic areas show an increase in
the use of ADHD products from 2002
through 2010. Due to the increase in
use and interest in this topic, trends in
ADHD productusage were alsoexamined
(Fig 4). Methylphenidate remained the
most frequently dispensed ADHD product
during the examined time and had no
signiﬁcant change between 2002 and
2010. Amphetamine/dextroamphetamine
was the second most frequently dispensed molecule, although prescriptions dispensed for amphetamine/
dextroamphetamine were 15% lower in
2010 than in 2002. Prescriptions dispensed for dextroamphetamine also
decreased (–69%) between these years.
On the other hand, dispensed prescriptions for dexmethylphenidate, lisdexamfetamine, and guanfacine increased after
2004. The number of atomoxetine prescriptions dispensed to pediatric patients had a large uptake between 2002
and 2004 but signiﬁcantly decreased
from 2004 to 2010 at a rate of 376 800
prescriptions per year.

Table 3 shows the top molecules by the
number of prescriptions dispensed for
patients aged 0 to 23 months, 2 to 11
years, and 12 to 17 years in 2010. Among
infants (0–23 months), antibiotics,
asthma, and gastrointestinal medications were among the most frequently
dispensed prescriptions. PPI use in
children was a topic of interest at the

DISCUSSION
By using prescription claims databases,
this article provides an overview of
outpatient prescription use in the US
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FIGURE 2
Top 1 through 6 drug markets according to the total estimated number of outpatient prescriptions dispensed to the US pediatric population (ages 0–17 years)
from US retail pharmacies, 2002 through 2010. *Statistically signiﬁcant linear trend at P value = .05. Estimates were derived from the following source: VONA.
Years 2002 through 2010; extracted December 2011. CIs for estimates are suppressed because the relative SEs of the estimates are ,1%.

pediatric population. Prescription claims
data can provide insight into postmarketing “real-world” use of drugs. These
data can be used for research without
perceived harm to children because of
the de-identiﬁed nature of the data.
Prescription claims data include information from a variety of geographic
regions and socioeconomic subpopulations, such as cash payors, those
with private insurance, and those

covered under state insurance programs (eg, Medicaid), guaranteeing representativeness across much of the US
population. The data can also be used to
help identify off-label use in pediatrics,
highlighting areas for further research.
The pediatric studies resulting from the
legislative initiatives mentioned here
found that in nearly 20% of cases in which
a product was used off-label in children,
the product was found not to be effective

at the dose used when ﬁnally studied
in children.20 Additional information
showed that children often manifest
a new, more frequent, or severe form of
adverse events described in adults.21
However, drug utilization data obtained
through large health care databases
are not without limitations. Data are
available only up to the point of dispensing and do not track whether the
patient actually used the medication.22

FIGURE 3
Top 7 through 12 drug markets according to the total estimated number of outpatient prescriptions dispensed to the US pediatric population (ages 0–17 years)
from US retail pharmacies, 2002 through 2010. *Statistically signiﬁcant linear trend at P value = .05. Estimates were derived from the following source: VONA.
Years 2002 through 2010; extracted December 2011. CIs for estimates are suppressed because the relative SEs of the estimates are ,1%.
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TABLE 3 Top Drug Molecules Dispensed to the Pediatric Population From US Retail Pharmacies According to Patient Age in 2010
0–23 Months (N = 31.6 million prescriptions)
Drug Molecule

Share, %

Amoxicillin
Azithromycin
Nystatin
Albuterol
Cefdinir
Prednisolone
Amoxicillin/clavulanate
Dextromethorphan/phenylephrine/
chlorpheniramine
Ranitidine
Hydrocortisone
Ibuprofen
Multivitamins with ﬂuoride
Budesonide
Lansoprazolea
Cephalexin
Mupirocin
Sulfamethoxazole/trimethoprim
Polymyxin b sulfate/tmp
Triamcinolone
Montelukast

17.3
6.1
5.9
5.8
4.9
4.2
3.4
2.4

All others

32.0

2.2
2.0
1.8
1.7
1.6
1.6
1.5
1.4
1.3
1.0
1.0
0.9

2–11 Years (N = 134.2 million prescriptions)
Drug Molecule
Amoxicillin
Azithromycin
Albuterol
Montelukast
Methylphenidate
Fluticasone
Prednisolone
Cefdinir
Cephalexin
Amoxicillin/clavulanate
Amphetamine/dextroamphetamine
Multivitamins with ﬂuoride
Lisdexamfetamine
Sodium ﬂuoride
Ibuprofen
Mometasone
Dexmethylphenidate
Sulfamethoxazole/trimethoprim
Clonidine
Budesonide
All others

Share, %
11.3
5.8
5.6
4.5
3.9
2.9
2.7
2.6
2.3
2.2
2.0
1.7
1.6
1.5
1.4
1.4
1.4
1.2
1.1
1.1
41.8

12–17 Years (N = 96.6 million prescriptions)
Drug Molecule

Share, %

Methylphenidate
Albuterol
Azithromycin
Amoxicillin
Amphetamine/dextroamphetamine
Montelukast
Norgestimate-ethinyl estradiol
Lisdexamfetamine

4.5
3.7
3.5
3.5
3.1
2.2
2.2
2.2

Fluticasone
Hydrocodone bitartrate/apap
Ibuprofen
Amoxicillin/clavulanate
Sulfamethoxazole/trimethoprim
Doxycycline hyclate
Cephalexin
Sertraline
Fluoxetine
Minocycline
Prednisone
Clindamycin phosphate/benzoyl
peroxide
All others

1.9
1.9
1.7
1.5
1.5
1.5
1.5
1.4
1.4
1.1
1.1
1.1
57.5

Data include all formulations (eg, oral tablet, oral syrups, topical cream). Source: VONA, 2002 through 2010; extracted March 2011.
a A total of 515 000 lansoprazole prescriptions (358 000 prescriptions in patients aged 0 to ,1 year and 157 000 prescriptions in patients aged 1 to ,2 years).

Utilization data in the neonatal population are difﬁcult to obtain because
many databases are unable to provide
data for patient age down to days or
months; children aged ,1 year are
generally grouped, as in our analysis.

Although drug utilization information
may be used as a surrogate in assessing the impact that regulatory
actions and clinical study results have
on use, further analyses are needed to
establish direct causal relationships.23

Our data do not reﬂect pediatric utilization in settings other than outpatient,
such as inpatient or clinic settings,
where seriously ill children are often
treated. Data on OTC medications, herbals, and supplements, or on mail order

FIGURE 4
Total estimated number of outpatient prescriptions for ADHD drug market drug products dispensed to the US pediatric population (ages 0–17 years) from US
retail pharmacies, 2002 through 2010. *Statistically signiﬁcant linear trend at P value = .05. a Atomoxetine HCl’s analysis of trend starts from 2004 because
atomoxetine HCl (Strattera) had an increasing trend from 2002 through 2004 but a decreasing trend from 2004 to 2010. b Lisdexamfetamine dimesylate’s
analysis of trend starts from 2007 because lisdexamfetamine dimesylate (Vyvanse) was approved on February 23, 2007. c Guanfacine HCl’s estimates were not
trended because guanfacine HCl (Intuniv) was approved on September 23, 2009. Estimates were derived from the following source: VONA. Years 2002 through
2010; extracted December 2011. CIs for estimates are suppressed because the relative SEs of the estimates are ,1%, except for atomoxetine HCl’s estimate
for 2002.
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prescriptions, were not included in this
analysis.
Statistical analyses were performed
to assess annual trends. Although assuming that the estimates are independent from 1 year to the next is
reasonable, sensitivity analyses were
conducted to assess the robustness of
the annual trends if correlations between estimates were present. However, the sensitivity analyses did not
show signiﬁcant changes in the estimated trends if autoregressive correlation among estimates was truly present.
From 2002 through 2010, there was a
statistically signiﬁcant decreasing trend
in prescriptions dispensed to the pediatric population. However, this decrease
was small compared with the increase in
prescriptions dispensed to the adult
population, even after accounting for
population growth. Our analyses found
that only 1% of outpatient drugs (30
molecules) had .1 million pediatric
patients who received prescriptions for
each respective molecule in 2010. In
contrast, .1700 molecules were each
used by ,10 000 pediatric outpatients.
Identiﬁcation of these 30 molecules can
help focus research efforts on the drugs
used by the greatest number of pediatric patients.24 However, low outpatient
utilization of the majority of products
underscores the difﬁculty in obtaining
adequate sample sizes to conduct clinical studies in the pediatric population.
Our analyses show that the systemic
antibiotics market decreased from
2002 through 2010. Systemic antibiotics
accounted for approximately one-fourth
of all the prescriptions dispensed to
the pediatric population, contributing
to the overall decrease seen in total
pediatric drug utilization. Over the last
decade, the American Academy of Pediatrics and others have made an enormous effort to decrease antibiotic use
in the pediatric population by educating parents about the futility of treating
viral infections with antibiotics and about

concerns of antibiotic resistance.25–27
Some articles cite that 40% to 50% of
antibiotic use is inappropriate.28,29 A variety of initiatives have been launched in
the past decade promoting the judicious
use of antibiotics, particularly for acute
respiratory tract infections and acute
otitis media.30–33 Our analyses suggest
such efforts may be working.
The allergies market had the largest
decreasing trend in prescriptions dispensed to the pediatric population.
However, the conversion of several nonsedating antihistamines from prescription to OTC (eg, Claritin [loratadine]
products in 2002 and Zyrtec [cetirizine]
products in 2007) may have contributed
to the decrease in the number of prescriptions dispensed but not necessarily in the pediatric utilization of these
medications.
Cough/cold without expectorant prescriptions also decreased signiﬁcantly
during the examined time. In 2004, a
meta-analysis published in the Cochrane
Review found that insufﬁcient data and
variable study quality complicated efforts to clarify the efﬁcacy of cough/cold
preparations in both children and
adults.34 An FDA Public Health Advisory, published in January 2008 discussing the safety and effectiveness of
cough/cold products in children, recommended that OTC cough/cold products not be used in infants aged ,2
years. Our data show a decrease in
cough/cold without expectorant prescriptions in the pediatric population
for 2008 through 2010.
In general, utilization data can be used
to identify areas of interest for research
in the pediatric population. In 2010,
a total of 358 000 lansoprazole outpatient prescriptions were dispensed
to infants aged ,1 year. Prevacid
(lansoprazole) labeling states that it
is not effective in patients with symptomatic gastroesophageal reﬂux disease in ages 1 month to ,1 year.35
A number of studies conducted in adults

show that long-term PPI use might be a
risk factor in the development of certain
adverse events (eg, bone fractures).36
Although these studies were primarily
in adults, the safety of pediatric PPI use,
especially off-label use, is of interest.
Lansoprazole use in patients in whom
the drug has been labeled as not effective is of interest as the safety of pediatric PPI use continues to be explored.37
Dispensed prescriptions for the ADHD
market also signiﬁcantly increased
from 2002 through 2010. The Centers for
Disease Control and Prevention estimated the number of US children aged
3 to 17 years reported to have ADHD
increased from 4.4 million in 2002 to 5
million children in year 2010.12,38 Further
analyses of the top ADHD medications
found that although methylphenidate
and amphetamine/dextroamphetamine
prescriptions accounted for the largest proportions of use, these prescriptions remained steady or decreased
while use of newer ADHD drugs (eg,
lisdexamfetamine, dexmethylphenidate,
guanfacine) increased. However, use of
atomoxetine (approved in November 2002)
has declined since 2005. Atomoxetine labeling changes and regulatory actions
since December 2004 include a boxed
warning and medication guide regarding
the risk of suicidal ideation in children and
adolescents. Our analyses did not include
the use of other nonstimulant medications
used on- or off-label for the treatment of
ADHD, such as atypical antipsychotic or
antidepressant agents.39,40
The number of contraceptive prescriptions dispensed to the pediatric population was 93% higher in 2010 than in
2002. Prescriptions for norgestimate–
ethinyl estradiol ranked among the top
10 prescriptions dispensed to adolescent patients in 2010. However, household surveys conducted by the Centers
for Disease Control and Prevention over
the last 20 years have not found much of
an increase in the percentage of young
women taking birth control pills.41,42
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Thus, the results presented in this article
could reﬂect an increase in the duration
of use (not measured here) and/or perhaps reﬂect use of contraceptive pills for
secondary indications, such as acne.

CONCLUSIONS
This article provides an overview of
the frequency and trends of outpatient

prescription drug utilization in US pediatric patients over nearly a decade.
Prescriptions dispensed to the pediatric population decreased whereas
prescriptions dispensed to the adult
population increased during the examined time. Identiﬁcation of drugs
with the highest numbers of patients
exposed can help focus research efforts

on those drugs that could have a large
impact on the pediatric population.
Drug utilization data suggesting offlabel use of products in children highlight areas for further research. It is
important to continue to monitor patterns of drug utilization in the pediatric
population as part of the risk/beneﬁt
evaluation of therapies for children.

10. US Food and Drug Administration. Science
and research, safety reporting. Available
at: www.fda.gov/ScienceResearch/SpecialTopics/PediatricTherapeuticsResearch/
ucm123229.htm. Accessed June 25, 2011
11. Lasky T. Estimates of pediatric medication
use in the United States: current abilities
and limitations. Clin Ther. 2009;31(2):436–445
12. Bloom B, Cohen RA, Freeman G. Summary
health statistics for US children: National
Health Interview Survey, 2010. National Center
for Health Statistics. Vital Health Stat 10(250).
2011. Available at: www.cdc.gov/nchs/data/
series/sr_10/sr10_250.pdf. Accessed April 10,
2012
13. 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
14. Cox ER, Halloran DR, Homan SM, Welliver S,
Mager DE. Trends in the prevalence of
chronic medication use in children: 20022005. Pediatrics. 2008;122(5). Available at:
www.pediatrics.org/cgi/content/full/122/5/
e1053
15. Cooper WO, Habel LA, Sox CM, et al. ADHD
drugs and serious cardiovascular events in
children and young adults. N Engl J Med.
2011;365(20):1896–1904
16. Kuehn BM. Stimulant use linked to sudden
death in children without heart problems.
JAMA. 2009;302(6):613–614
17. Greene P, Money D. DEPI/OSE, Review dated
April 30, 2010. Submitted for the background package for presentation on June
10, 2010, at the Pediatric Advisory Committee Meeting, Bethesda, MD. Available at:
www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/PediatricAdvisory
Committee/UCM214657.pdf. Accessed April 10,
2012
18. Guidance for Industry. E11 clinical investigation of medicinal products in the pediatric
population. U.S. Department of Health and

Human Services, Food and Drug Administration, Center for Drug Evaluation and
Research (CDER), Center for Biologics Evaluation and Research (CBER). December 2000.
Available at: www.fda.gov/ohrms/dockets/
ac/04/brieﬁng/4028B1_07_GFI-ICH%20E11.pdf.
Accessed August 10, 2011
National Population Census Estimates.
Monthly postcensal resident population,
by single year of age, sex, race, and Hispanic
origin. Available at: www.census.gov/popest/
data/national/asrh/2009/2009-nat-res.html.
Accessed December 23, 2011
Rodriguez W, Selen A, Avant D, et al. Improving pediatric dosing through pediatric
initiatives: What we have learned. Pediatrics. 2008;121(3):530–539
Iyasu S, Murphy DM. Pharmacovigilance in
pediatrics. In: RD Mann and EB Andrews
eds, Pharmacovigilance. 2nd ed. Chichester,
United Kingdom: Wiley & Sons; 2007
Schneeweiss S, Avorn J. A review of uses of
health care utilization databases for epidemiologic research on therapeutics. J Clin
Epidemiol. 2005;58(4):323–337
Pamer CA, Hammad TA, Wu YT, et al.
Changes in US antidepressant and antipsychotic prescription patterns during a
period of FDA actions. Pharmacoepidemiol
Drug Saf. 2010;19(2):158–174
Wysowski DK, Governale LA, Swann J.
Trends in outpatient prescription drug use
and related costs in the US: 1998-2003.
Pharmacoeconomics. 2006;24(3):233–236
American Academy of Pediatrics Subcommittee on Management of Acute Otitis Media.
Diagnosis and management of acute otitis
media. Pediatrics. 2004;113(5):1451–1465
Besser RE. Antimicrobial prescribing in the
United States: good news, bad news. Ann
Intern Med. 2003;138(7):605–606
Lieberman JM. Appropriate antibiotic use
and why it is important: the challenges of
bacterial resistance. Pediatr Infect Dis J.
2003;22(12):1143–1151

REFERENCES
1. Shirkey H. Therapeutic orphans. J Pediatr.
1968;72(1):119–120
2. Wilson JT. Pragmatic Assessment of Medicines Available for Young Children and Pregnant or Breast-feeding Women. Basic and
Therapeutic Aspects of Perinatal Pharmacology. New York, NY: Raven Press; 1975:411–421
3. Wilson JT. An update on the therapeutic
orphan. Pediatrics. 1999;104(3 pt 2):585–590
4. Bazzano AT, Mangione-Smith R, Schonlau M,
Suttorp MJ, Brook RH. Off-label prescribing
to children in the United States outpatient
setting. Acad Pediatr. 2009;9(2):81–88
5. Food and Drug Administration Modernization Act of 1997. Available at: www.fda.
gov/RegulatoryInformation/Legislation/
FederalFoodDrugandCosmeticActFDCAct/
SigniﬁcantAmendmentstotheFDCAct/FDAMA/
FullTextofFDAMAlaw/default.htm. Accessed
November 18, 2010
6. Best Pharmaceuticals for Children Act,
January 4, 2002. Available at: www.fda.
gov/RegulatoryInformation/Legislation/
FederalFoodDrugandCosmeticActFDCAct/
SigniﬁcantAmendmentstotheFDCAct/ucm148011.
htm. Accessed November 18, 2010
7. FDAAA–Title IV: Pediatric Research Equity
Act of 2007 (PREA) and Title V: Best Pharmaceuticals for Children Act 2007 (BPCA).
Available at: www.fda.gov/downloads/Drugs/
DevelopmentApprovalProcess/Development
Resources/UCM049870.pdf. Accessed November 18, 2010
8. Food and Drug Administration Amendments
Act of 2007. US Public Law 110-85. Available
at: http://frwebgate.access.gpo.gov/cgi-bin/
getdoc.cgi?dbname=110_cong_public_laws
&docid=f:publ085.110.pdf. Accessed June 25,
2011
9. US Food and Drug Administration. New pediatric labeling information database. Available
at: www.fda.gov/downloads/ScienceResearch/
SpecialTopics/PediatricTherapeuticsResearch/
UCM163159.pdf. Accessed June 25, 2011

30

19.

20.

21.

22.

23.

24.

25.

26.

27.

CHAI et al

Downloaded from www.aappublications.org/news by guest on September 27, 2020

ARTICLE

28. Dellit TH, Owens RC, McGowan JE Jr, et al;
Infectious Diseases Society of America; Society for Healthcare Epidemiology of America.
Infectious Diseases Society of America and
the Society for Healthcare Epidemiology of
America guidelines for developing an institutional program to enhance antimicrobial
stewardship. Clin Infect Dis. 2007;44(2):159–177
29. Emmer C, Besser R. Combating antimicrobial resistance: intervention programs to
promote appropriate antibiotic use. Infect
Med. 2002;19:160–173
30. Grijalva CG, Nuorti JP, Grifﬁn MR. Antibiotic
prescription rates for acute respiratory
tract infections in US ambulatory settings.
JAMA. 2009;302(7):758–766
31. Weissman J, Besser RE. Promoting appropriate antibiotic use for pediatric patients:
a social ecological framework. Semin Pediatr
Infect Dis. 2004;15(1):41–51
32. Finkelstein JA, Stille C, Nordin J, et al. Reduction in antibiotic use among US children, 19962000. Pediatrics. 2003;112(3 pt 1):620–627
33. Coco A, Vernacchio L, Horst M, Anderson A.
Management of acute otitis media after
publication of the 2004 AAP and AAFP clinical
practice guideline. Pediatrics. 2010;125(2):
214–220

34. Schroeder K, Fahey T. Over-the-counter medications for acute cough in children and
adults in ambulatory settings. Cochrane
Database Syst Rev. 2004;(4):CD001831
35. Prevacid (lansoprazole) product label,
Takeda Pharmaceuticals America, Inc. Revised September 2010. Available at: www.
accessdata.fda.gov/drugsatfda_docs/label/
2010/020406s074,021428s021lbl.pdf. Accessed
May 5, 2011
36. Lodato F, Azzaroli F, Turco L, et al. Adverse
effects of proton pump inhibitors. Best
Pract Res Clin Gastroenterol. 2010;24(2):
193–201
37. van der Pol RJ, Smits MJ, van Wijk MP,
Omari TI, Tabbers MM, Benninga MA. Efﬁcacy
of proton-pump inhibitors in children with
gastroesophageal reﬂux disease: a systemic
review. Pediatrics. 2011;127(5):925–935
38. Dey AN, Schiller JS, Tai DA. Summary Health
Statistics for U.S. Children: National Health
Interview Survey, 2002. National Center for
Health Statistics. Vital Health Stat 10(221).
2004. Available at: www.cdc.gov/nchs/data/
series/sr_10/sr10_221.pdf. Accessed April 10,
2012
39. Wood JG, Crager JL, Delap CM, Heiskell KD.
Beyond methylphenidate: nonstimulant med-

ications for youth with ADHD. J Atten Disord.
2007;11(3):341–350
40. Chai G, Mehta H, Money D, Governale L.
Atypical antipsychotic drug use in the US
outpatient pediatric population. Presented
on August 22, 2010 at: 2010 International
Society for Pharmacoepidemiology’s 26th
International Conference on Pharmacoepidemiology and Therapeutic Risk Management; Brighton, United Kingdom
41. Centers for Disease Control and Prevention.
Use of contraception and use of family
planning services in the United States: 19822002. Centers for Disease Control and Prevention, Advance Data from Vital and Health
Statistics. Number 350, December 10, 2004.
Available at: www.cdc.gov/nchs/data/ad/
ad350.pdf. Accessed April 10, 2012
42. Centers for Disease Control and Prevention. Teenagers in the United States: sexual
activity, contraceptive use, and childbearing, National Survey of Family Growth 20062008. Centers for Disease Control and
Prevention, National Center for Health Statistics. Series 23, Number 30, June, 2010.
Available at: www.cdc.gov/nchs/data/series/
sr_23/sr23_030.pdf. Accessed April 10,
2012

American Board of Pediatrics Maintenance of Certiﬁcation Part 4 Credit
Available to Authors: Pediatrics is pleased to announce that the American Board
of Pediatrics (ABP) recognizes authorship of high-quality peer-reviewed reports
of quality improvement activities, such as those that appear in Quality Reports, for
Part 4 Maintenance of Certiﬁcation credit. Details about how to apply for credit
are available at [http://www.mocactivitymanager.org/overview/published_qi/].
The ﬁnal decision about whether a report is eligible for credit rests solely with the
ABP. The Quality Reports section of Pediatrics focuses on improving care towards
speciﬁc aims using rigorous quality improvement methods, as required by the
ABP. We are excited to be able to share this opportunity with authors of Quality
Reports, who have not only improved care but have shared their ﬁndings with
others to help spread innovation and foster further improvements in care.

PEDIATRICS Volume 130, Number 1, July 2012
Downloaded from www.aappublications.org/news by guest on September 27, 2020

31

Trends of Outpatient Prescription Drug Utilization in US Children, 2002−2010
Grace Chai, Laura Governale, Ann W. McMahon, James Phillip Trinidad, Judy Staffa
and Dianne Murphy
Pediatrics 2012;130;23
DOI: 10.1542/peds.2011-2879 originally published online June 18, 2012;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/130/1/23

References

This article cites 24 articles, 7 of which you can access for free at:
http://pediatrics.aappublications.org/content/130/1/23#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Pharmacology
http://www.aappublications.org/cgi/collection/pharmacology_sub
Therapeutics
http://www.aappublications.org/cgi/collection/therapeutics_sub

Permissions & Licensing

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

Reprints

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

Downloaded from www.aappublications.org/news by guest on September 27, 2020

Trends of Outpatient Prescription Drug Utilization in US Children, 2002−2010
Grace Chai, Laura Governale, Ann W. McMahon, James Phillip Trinidad, Judy Staffa
and Dianne Murphy
Pediatrics 2012;130;23
DOI: 10.1542/peds.2011-2879 originally published online June 18, 2012;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/130/1/23

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 345 Park Avenue, Itasca, Illinois, 60143. Copyright © 2012
by the American Academy of Pediatrics. All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on September 27, 2020

