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\ in terms of emergency department visits and hospital admissions)

WHAT’S KNOWN ON THIS SUBJECT: Medication ingestions are
increasing among children despite a number of public health
interventions. The majority of these poisonings are related to
prescription as opposed to over-the-counter medications.

WHAT THIS STUDY ADDS: Rising rates of poisonings in children are
strongly correlated with rising use of hypoglycemics,
antihyperlipidemics, B-blockers, and opioids among adults. These
events are associated with considerable health care utilization, both

BACKGROUND AND OBJECTIVES: Nontherapeutic medication inges-
tions continue to be a major pediatric health problem, with recent
increases in ingestions despite a number of public health interven-
tions. It is unknown how changes in adult prescription drug use relate
to pediatric medication poisonings. The objective of the study was to
measure the association between changing adult prescription drug
patterns and pediatric medication exposures and poisonings and
identify high-risk classes of medications and pediatric age groups.

METHODS: We measured monthly pediatric exposures and poisonings
using the National Poison Data System and prescriptions written for
adults using the National Ambulatory Medical Care Surveys for 2000
through 2009. Associations between adult prescriptions for oral hypo-
glycemics, antihyperlipidemics, B-blockers, and opioids and expo-
sures and poisonings among children 0 to 5, 6 to 12, and 13 to 19
years were analyzed by using multiple time-series analysis.
Emergency department visits, serious injuries, and hospitalizations
stemming from these associations were described.

RESULTS: Adult medication prescriptions were statistically significantly as-
sociated with exposures and poisonings in children of all ages, with the
strongest association observed for opioids. Across medications, the great-
est risk was among children 0 to 5 years old, followed by 13- to 19-year-olds.
Rates of emergency department visits were highest for events related to
hypoglycemics (60.1%) and B-blockers (59.7%), whereas serious injuries
and hospitalizations occurred most frequently with opioids (26.8% and
35.2%, respectively) and hypoglycemics (19.59% and 49.4%, respectively).

CONCLUSIONS: Increasing adult drug prescriptions are strongly asso-
ciated with rising pediatric exposures and poisonings, particularly for
opioids and among children 0 to 5 years old. These associations have
sizable impacts, including high rates of serious injury and health care
use. Pediatrics 2013;132:1-10
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Despite a number of public health
interventions over the past 40 years,
poisonings from prescription medi-
cations continue to be a major cause
of morbidity among children.’ Inter-
ventions have included educational
campaigns on safe medication storage
and the introduction of child-resistant
closures on adult prescription medi-
cation bottles. Although these mea-
sures are credited in part with reducing
overall deaths from medication poi-
soning in children, visits to emergency
departments (EDs) for medication ex-
posures are increasing.® More than
70 000 children are evaluated in EDs for
unintentional medication exposures
and poisonings each year.67 0f children
presenting to EDs, at least 12% are
hospitalized.”8 Exposures and poison-
ings are most frequently linked to
prescription medications compared
with  over-the-counter medications,
with children aged =5 years at par-
ticularly high risk and comprising the
majority of calls received by US Poison
Centers.®10 Many exposures among
younger children occur in the child’s
own home, with medications often be-
longing to an adult relative.™

After a brief decline in the 1990s, the
number of medication exposures and
poisonings is again increasing among
children.”12 Between 2001 and 2008,
rates of pediatric ED visits and hospi-
talizations resulting from medication
exposures and poisonings increased
by 30% and 36%, respectively.” At the
same time, adult prescription rates
are increasing.' However, population
changes in adult medication prescrip-
tions have not been linked with pop-
ulation changes in pediatric exposures
and poisonings. We aimed to esti-
mate the association of drug pre-
scriptions in adults with patterns of
exposures and poisonings in children,
and any subsequent health care utili-
zation and morbidity. In addition, we
aimed to identify high-risk classes of
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medications and pediatric age groups
by measuring drug- and age-specific
associations.

METHODS
Study Design

We analyzed exposures and poison-
ings reported to US Poison Centers
from 2000 through 2009 for the medi-
cations most commonly prescribed to
adults. These were analgesics (11.4% of
all prescriptions), antihyperlipidemics
(6.2% of all prescriptions), antide-
pressants (4.5% of all prescriptions),
antidiabetic agents (4.2% of all pre-
scriptions), and B-blockers (4% of all
prescriptions).’3'*  Antidepressants
were excluded to focus on drugs that
are primarily prescribed in adults to
avoid events related to therapeutic
use in children. Analgesics were also
limited to opioids to exclude over-the-
counter medications (eg, acetamino-
phen). Finally, we limited our analysis
to single-ingredient medications and
excluded nonoral medications (eg, in-
sulin). The study was deemed exempt
from review by the Institutional Review
Board at Boston Children’s Hospital.

Pediatric Exposures and
Poisonings

Data on pediatric exposures and
poisonings were obtained from the
American Association of Poison Con-
trol Centers’ National Poison Data
System (NPDS). NPDS is a comprehen-
sive data repository with information
on calls to all 57 US Poison Centers.
Detailed information is recorded for
every exposure or poisoning, includ-
ing patient demographics, names of
implicated medications, and specifics
surrounding the circumstances of the
ingestion. Case follow-up is performed
to obtain additional information on
clinical effects, healthcare require-
ments, and medical outcome. All NPDS
reports for January 1, 2000, through

December 31, 2009 were analyzed for
medication implicated, clinical effects,
and associated ED use or hospitaliza-
tion among children 0to 5, 6t0 12, and
13 to 19 years old. Cases were ex-
cluded if the description of the expo-
sure or poisoning indicated that the
event was related to a pediatric pre-
scription, such as a parent making a
dosing error or giving medication doses
too closely together.

Adult Drug Prescriptions

Adult drug prescriptions were mea-
sured using the National Ambulatory
Medical Care Survey,’ an annual na-
tional survey of patient visits to US
non—federally employed outpatient
medical providers conducted by the
National Center for Health Statistics.
Physician offices are randomly chosen
for participation and are trained by
National Center for Health Statistics
staff on survey completion. Patient visits
are randomly chosen in 1-week report-
ing periods to provide representative
visits throughout the year. Data col-
lected include patient demographics,
details of the clinical presentation, and
care provided, including drug therapy.
Physicians record up to 8 administered
medications (only 6 for the years 2000—
2002) that were prescribed or con-
tinued at the time of the visit. These
“drug mentions” provide a representa-
tive view of US medication use.41617 We
identified all drug mentions for the drug
classes of interest between January 1,
2000, and December 31, 2009, among
patients aged =20 years. Using the
unique drug codes, we excluded
combination medications and nono-
ral formulations to match the drugs
implicated in exposures and poison-
ings among children.

Health Care Utilization and
Morbidity Related to Exposures

Health care utilization is recorded in
NPDS according to 7 levels: received no
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treatment at a health care facility,
treated and released, admitted to a
noncritical care unit, admitted to a
critical care unit, admitted to a psychi-
atric facility, failed to arrive at a health
care facility despite referral, and lost
to follow-up.! For our analysis, we
combined admissions to noncritical
care and critical care units and con-
sidered failure to arrive at a health
care facility as lost to follow-up.

Morbidity related to medication expo-
sures and poisonings was measured
using the NPDS medical outcome cat-
egories. We combined “moderate ef-
fect” (more prolonged or serious
symptoms that require clinical atten-
tion), “major effect” (life-threatening
signs or symptoms or a residual dis-
ability resulting from the exposure),
and death (fatality that was a direct
result of the medication exposure) and
considered these outcomes as serious
injuries.”

Statistical Analysis

The mean monthly number of expo-
sures and poisonings related to the 4
drug classes of interest was calculated
for each of the pediatric age groups.
Similarly, the mean monthly number of
drug mentions among adults was
measured for medications in these
drug classes. Both the number of pe-
diatric poisonings and of adult drug
mentions were normalized using US
Census estimates to prevent con-
founding of the results by changes in
population composition over the study
period.'8

Associations

Trends in pediatric exposures and
poisonings were described by using
multiple time-series analysis.’® In
principle, the statistical analysis in-
volved the specification of time-series
models where exposures and poison-
ings at any given month (t) were
a function of the previous months’adult
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mentions of 1 of the 4 adult studied
medications (t — i) after adjusting for
seasonality (exposure and poisoning
trends may vary similarly year to
year and month to month) and auto-
correlation (measurements occurring
closer in time are more similar than
those farther apart in time). Monthly
dummy indicators were included as
covariates to adjust for potential bia-
ses related to seasonality. This method
is assumption-free, allowing season-
ality to follow nonlinear patterns.20
Newey-West standard errors were
used so the error variance estimates
would be valid under autocorrelation
violation of regression assumptions,
yielding conservative estimates of the
confidence intervals regardless of any
specific model adjustment2'22 This
analysis strategy produced valid esti-
mates insensitive to possible seasonal
and autocorrelational confounding.

Causality

The causal significance of associations
were judged by using a Granger cau-
sality model in which trends from the
previous 1to 6 months for adult med-
ication mentions were used to predict
exposure or poisonings after control-
ling for trends in exposure and poi-
sonings fromthe previous 1to 6 months
(Exposure and poisonings ; = Adult
Mentions;_; +Adult Mentions., . . .
+Adult Mentions,_g + Exposure and
poisonings,_; + Exposure and poison-
ingsio . . . + Exposure and poison-
ings:_g). A statistically significant result
for the combination of adult mention
coefficients using a Wald test is inter-
preted to mean that adult mentions is
a “Granger cause of” exposure or poi-
soning.22-24 This allowed us to make
robust inferences regarding the sig-
nificance of any association.

RESULTS

There were 38 485 pediatric exposures
and poisonings to oral hypoglycemics,

ARTICLE

39 693 to antihyperlipidemics, 49 075to
B-blockers, and 62 416 to opioids over
the 10-year study period. The mean
yearly numbers of exposures and poi-
sonings for each of the age groups
and medication classes are shown
in Table 1. Children 0 to 5 years of
age experienced the greatest mean
number of events per year for each of
the 4 drug classes.

Figure 1 displays time trends for pedi-
atric exposures and poisonings by
each of the 3 age groups. Population-
adjusted pediatric medication exposures
and poisonings increased statistically
significantly for all the drug classes
among all age groups over the study
period, based on a linear trend (P <
.001). These increases varied sub-
stantially across age groups and drug
classes. Among children 0 to 5 years
old, opioid exposures and poisonings
increased 0.09 (95% confidence inter-
val [CI], 0.07-0.11) per 1000000 chil-
dren each month, compared with 0.006
(95% Cl, 0.004-0.008) among 6- to 12-
year-olds, and 0.04 (95% Cl, 0.04—0.05)
among 13- to 19-year-olds. Increases
were generally larger among children
0 to 5 years of age for all drugs. Among
0- to 5-year-olds, hypoglycemic expo-
sures and poisonings increased 0.04
(95% Cl, 0.04-0.05), antihyperlipidemics
increased 0.10 (95% Cl, 0.08-0.11), and
B-blockers increased 0.08 (95% Cl,

TABLE 1 Exposures and Poisonings in
Children, 2000-2009, From the
NPDS?

Medication Class Mean Yearly Exposures

and Poisonings, n

0-5y 6-12y 1319y
Oral hypoglycemics 3195 206 440
Antihyperlipidemics 3486 232 244
B-blockers 3858 443 597
Opioids 3293 590 2330

a There was missing age information for 86 children with
an exposure or poisoning to oral hypoglycemics, 72 related
to antihyperlipidemics, 106 related to 8-blockers, and 287
related to opioids. These cases were excluded in the age-
group analyses.
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Trends in pediatric exposures and poisonings related to oral hypoglycemics, antihyperlipidemics, B-blockers, and opioids and adult mentions of these
medications. Exposures and poisonings increased statistically significantly for all age groups related to each of the drug classes (P << .001). Adult drug
mentions increased statistically significantly for all drug classes (P < .001).

0.07-0.09) all per million children
each month.

There were significant associations
between adult medication use and
exposures and poisonings in children
averaging across projected increases
1 to 6 months into the future. These
associations were generally twice as
strong for opioids as other drug classes
and strongest among children 0 to 5
years of age across drug classes. A 1%
increase in adults taking opioids was
associated with 1.53 (95%Cl, 1.13—1.88),
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0.08 (95% Cl, 0.04—0.12), and 0.74 (95%
(Cl, 0.64—0.84) more exposures and poi-
sonings per 1000000 children among
0- to 5-, 6- to 12-, and 13- to 19-year-
olds, respectively (Fig 2). Hypoglyce-
mic adult mentions were associated
with a 0.35 (95% Cl, 0.27-0.43), 0.02
(95% Cl, 0.01-0.03), and 0.05 (95% Cl,
0.03—-0.07) increase in exposures and
poisonings per 1000000 children
among the 0- to 5-, 6-to 12-, and 13- to
19-year-olds, respectively. Antihyper-
lipidemic adult mentions were associ-
ated with a 0.35 (95% Cl, 0.28-0.42),

0.02 (95% Cl, 0.01-0.02) and 0.01 (95%
Cl, 0.01-0.03) increase in exposures
and poisonings per 1000 000 children,
among 0-5, 6-12 and 13—19 year olds,
respectively. B-blocker adult mentions
were associated with a 0.48 (35% Cl,
0.36-0.59), 0.01 (95% Cl, 0.01-0.03), and
0.04 (95% Cl, 0.02-0.05) increase in ex-
posures and poisonings per 1000 000
children among 0- to 5, 6- to 12-, and
13- to 19-year-olds, respectively.

The month-specific patterns suggest
a 1% increase in adult drug mentions
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was followed by larger increases in
child exposures and poisonings in the
next immediate month than 2 to 6
months later. This pattern was most
evident among children 0 to 5 years old
where exposures and poisonings in-
creased 0.49 (95% Cl 0.20-0.78), 0.46
(95% CI 0.27-0.65), 0.68 (95% Cl 0.44—
0.93), and 1.86 (95% Cl 0.93-2.79) per
1000000 children for hypoglycemics,
antihyperlipidemics, B-blockers, and
opioids, respectively. On the basis of
2011 population estimates, this trans-
lates into an additional 11.2 hypogly-
cemic, 10.5 antihyperlipidemic, 15.6

PEDIATRICS Volume 132, Number 1, July 2013

B-blocker, and 42.6 opioid exposures
and poisonings.

Granger causality analysis suggested
adult medication mentions were a
Granger cause of child exposures
and poisonings for 7 of the 12 com-
binations of medication and pediatric
age group. For instance, adult opioid
mentions were a Granger cause of
child exposures and poisonings for
all age groups (0-5 years: F = 2.20,
P < .05; 6-12 years: F =642, P <
.001; 13—19 years: F = 4.31, P < .001).
Among children 0 to 5 years, adult

mentions of all medications were
Granger causes of increased expo-
sures and poisonings for the same
medication (P < .05). Opioids and
antihyperlipidemic adult mentions
were also Granger causes of in-
creased exposures and poisonings
among children 6 to 12 years old
(P < .05). Only opioid adult mentions
were Granger causes of increased
exposure or poisoning among chil-
dren 13 to 19 years old. These results
suggest that the associations de-
scribed in Fig 2 are indicative of a
causal relationship in 7 cases.
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Increasesinpediatric exposures and poisonings associated with adult drug mentions of opioids, antihyperlipidemics, oral hypoglycemics, and B-blockers. Each
bar indicates a month-specific mean predicted change in pediatric exposures and poisonings for a 1 percentage point increase in adult medication mentions.
Lines show the corresponding confidence intervals estimated by using 1000 draws from the mean value’s variance-covariance matrix for the maximum
likelihood estimate. Displayed numeric values represent the mean association averaging over 1to 6 months.

Health Care Utilization and
Morbidity Related to Pediatric
Exposures and Poisonings

Atotal of 92 715 (61.3%) exposures and
poisonings resulted in an ED evalua-
tion. Hypoglycemics and fS-blockers
were associated with the highest rates
of ED visits, 60.3% (n = 23205) and
59.6% (n = 29233) of exposures and
poisonings, respectively (Table 2). Visit
rates for opioids were 46.4% (n = 30
277) and for antihyperlipidemics 25.3%
(n = 10050). Children 0 to 5 years old

6 BURGHARDT et al

experienced the highest rates of visits
for exposures and poisonings related
to B-blockers (62.7%) and hypo-
glycemics (61.2%). Among children 13
to 19 years old, the majority of expo-
sures and poisonings resulted in an ED
visit for every drug class.

Among children of all ages, serious
injuries were associated with 17.5%
(n=16 196) of exposures and poisonings
evaluated and treated in EDs. Approxi-
mately 19.5% (n = 4518) of exposures
to hypoglycemics, 8.8% (n = 885) of

exposures to antihyperlipidemics, 9.8%
(n = 2857) of exposures to B-blockers,
and 263% (n = 7966) of exposures
to opioids resulted in serious injury
(Table 3). For each of the drug classes,
children experienced increasing rates of
serious injury with increasing age.
Among patients 13 to 19 years old, rates
of injuries ranged from 29.5% for events
related to antihyperlipidemics to 40.5%
for those resulting from opioids. Opioid
exposures were the most likely to suffer
a serious clinical effect and were also
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most likely to be admitted to a medical
unit.

Over a third of all pediatric exposures
and poisoning patients evaluated in
the ED were hospitalized (35.7%; n = 33
059). Admission rates were highest
among patients ingesting hypoglycemics
(49.4%) and opioids (35.0%).

DISCUSSION

Increasing rates of adult drug pre-
scriptions are strongly associated with
increases in drug exposures and poi-
sonings among children and appear to

PEDIATRICS Volume 132, Number 1, July 2013

6-12 Years

be a direct cause of exposures and
poisonings. Exposures to opioids are
most closely related to trends in adult
use, and children aged 0 to 5 years old
are at greatest risk for exposure among
all4 adultdrug classes studied. There is
substantial health care utilization and
morbidity associated with these events
among children of all ages,

The Poisoning Prevention Packaging
Act of 1970 mandated the use of child-
resistant packaging for prescription
medications and is credited with mak-
ing pediatric fatalities from medication
exposures and poisonings relatively

13-19 Years

uncommon in the United States.62526
The 2008 Preventing Overdoses and
Treatment Exposures Task Force has
further promoted the development of a
new generation of safety packaging 627
Our work suggests that even though
these programs may be effective, child
exposures and poisonings continue to
be a significant and increasing prob-
lem, and interventions need to take into
account the increases in adult pre-
scriptions available to children. Pedia-
tricians should consult parents of
patients on storing medications, fo-
cusing on how exposures vary based
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TABLE 2 ED Utilization Among Children With Exposures and Poisonings Related to Adult
Prescription Drugs, 2000-2009°

Medication Class

ED Visit, n (%)

No ED Visit, n (%)

Lost to Follow- up, n (%)

Hypoglycemics 23205 (60.3)
0-5y 19540 (61.2)
6-12y 885 (43.1)
13-19y 2762 (62.8)

Antihyperlipidemics 10050 (25.3)
0-5y 8414 (24.1)
6-12y 267 (11.5)
1319y 1364 (55.9)

B-blockers 29233 (59.6)
0-5y 24187 (62.7)
6-12y 1518 (34.3)
13-19y 3508 (58.8)

Opioids 30227 (48.4)
0-5y 15280 (46.4)
6-12y 1359 (23.0)
13-19y 13559 (58.2)

12242 (31.8) 3038 (7.9)
9985 (31.3) 2421 (7.6)
991 (48.2) 179 (8.7)
1230 (28.0) 406 (9.2)
28610 (72.1) 1033 (2.6)
25670 (73.6) 773 (22)
2000 (86.1) 7(2.5)
881 (36.1) 195 (8.0)
16 040 (32.7) 3802 (7.7)
11504 (29.8) 2884 (7.5)
2610 (59.0) 297 (6.7)
1890 (31.7) 571 (9.6)
21793 (34.9) 10 396 (16.7)
13619 (41.4) 4034 (12.3)
5495 (59.3) 1044 (17.7)
4579 (19.7) 5160 (22.2)

a There was missing age information for 86 children with an exposure or poisoning to oral hypoglycemics, 72 related to
antihyperlipidemics, 106 related to B-blockers, and 287 related to opioids. These cases were excluded in the age-group

analyses.

TABLE 3 Injuries and Admissions Among Children Treated in EDs for Exposures and Poisonings
Related to Adult Prescription Drugs, 2000—-2009°

Medication Class

Significant Injury, n (%)°

Medical Admission, n (%)

Psychiatric Admission, n (%)

11462 (49.4) 401 (1.7)
9565 (49.0) 5 (0.03)
375 (42.4) 0 (2.3)
1514 (55.0) 376 (13.6)
2629 (26.2) 319 (3.2)
1997 (23.7) 3 (0.04)
67 (25.1) 1(4.1)
564 (41.4) 305 (22.4)
8408 (28.8) 519 (1.8)
6344 (25.8) 6 (0.02)
325 (21.4) 8(12)
1830 (52.2) 494 (14.1)
10560 (35.0) 1965 (6.5)
4268 (27.9) 8 (0.05)
427 (31.4) 9 (2.9)
5857 (43.2) 1916 (14.1)

Hypoglycemics 4518 (19.5)
0-5y 3317 (17.0)
6-12y 195 (22.0)
1319y 1002 (36.3)

Antihyperlipidemics 885 (8.8)
0-5y 446 (5.3)
6-12y 37 (13.9)
1319y 402 (29.5)

B-blockers 2857(9.8)
0-5y 1305 (5.4)
6-12y 201 (13.3)
1319y 13 850(38.5)

Opioids 7966 (26.3)
0-5y 2177 (14.3)
6-12y 300 (22.1)
13-19y 5485 (40.5)

a There was missing age information for 86 children with an exposure or poisoning to oral hypoglycemics, 72 related to
antihyperlipidemics, 106 related to B-blockers, and 287 related to opioids. These cases were excluded in the age-group

analyses.

b Defined as children meeting outcome criteria for moderate effect, major effect, or death.

on the child’s age and intention. Physi-
cians prescribing drugs to adults
should also be aware of the potential
risk of exposures to children and pro-
vide guidance accordingly. Finally, cer-
tain drugs may require additional
packaging modification. For example,
in 2012, the manufacturers of Sub-
oxone, in response to an analysis from
the US Poison Centers, announced that
they would voluntarily discontinue the
supply of Suboxone tablets and sell

8 BURGHARDT et al

only unit-dose packaged Suboxone
film 28

Increased adult prescription medica-
tion availability is likely to persist. The
NHANES found that between 1999-2000
and 2007-2008, the percentage of
US adults who took =1 prescription
drug in the preceding month increased
by 10%.'* Moreover, the rising rate
of obesity in the United States sug-
gests increases in pediatric exposure
and poisonings will continue because

prescriptions for antihyperlipidemics,
oral hypoglycemics, and S-blockers
are all commonly used to treat obesity-
related complications.29-3! Rates of
polypharmacy are also on the rise.'
Without greater emphasis on interven-
tions focusing on the changed context
of increased availability of prescrip-
tion drugs in households, the number
of medication exposures and poison-
ings in children will likely continue to
increase.

The observed differences in medication
exposures and poisonings across age
groups may be related to age-specific
behaviors that lead to these events."!s
Among younger children, poisonings
tend to be related to exploratory be-
havior and result in unintentional
exposures to a medication.” Children
aged =5 years are most susceptible to
this type of ingestion and experience
higher rates of exposures and poison-
ings. Among teenagers, ingestions are
more likely to be intentional, including
for recreational purposes or with the
intention of self-harm."32 As a result, the
morbidity and health care utilization
(including psychiatric admissions, as
our findings demonstrate) are higher in
this older patient population.’'s

Opioid exposures far exceeded events
related to the other drug classes
among teenagers. This class of drugs
differs from the others in its potential
for abuse. Opioid diversion is a well-
recognized public health problem
among adults and has also been iden-
tified among teenagers.35-37 Drug over-
dose death rates have more than
tripled in the United States since 1990,
with >75% of these deaths attribut-
able to opioids.38 The rise in deaths and
health care use related to opioid di-
version has been paralleled by a 300%
increase in the sales of opioids since
1999.36 Qur findings support the need
for further research to delineate the
factors surrounding adolescent access
to and abuse of these drugs.

Downloaded from pediatrics.aappublications.org at Univ of NC at Chapel Hill on June 3, 2013


http://pediatrics.aappublications.org/

Oneofthe limitations of our study isthat
NPDS relies in part on patient-reported
information, and we could not consis-
tently determine the amount of drug
that was ingested. However, the health
care facility utilization and medical
outcome data provide a measure of the
extent of serious ingestions. Because
we limited our datato single-ingredient
medications, we were unable to include
certain combination medications (eg,
acetaminophen-hydrocodone), result-
ing in potential underestimation of the
number of exposures and poisonings
forthe drug classes ofinterest. Itis also
possible that some patients ingested
>1 medication, and we were unable to
ascertain whether the clinical effects
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