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ABSTRACT
Background: Recently, there has been an increase in prescription drug abuse and related fatalities.
Although opioid analgesics are commonly implicated, there have been significant increases in the
prevalence of benzodiazepine exposures and overdoses.
Objective: To describe national trends in pediatric benzodiazepine exposures from 2000 to 2015.
Methods: A retrospective database analysis was conducted. Data regarding benzodiazepine exposures
in children ages 0 to <18 years reported to participating United States poison centers from January
2000 through December 2015 were obtained from the National Poison Data System. Population data
were obtained from the US Census Bureau to determine annual population estimates. Data were ana-
lyzed using chi-square tests.
Results: A total of 296,838 pediatric benzodiazepine exposures were identified during the study
period. The rate of pediatric benzodiazepine exposure increased 54% between 2000 and 2015. The
severity of medical outcomes also increased, as did the prevalence of co-ingestion of multiple drugs,
especially in children ages 12 to <18 years. Nearly half of all reported exposures in 2015 were docu-
mented as intentional abuse, misuse, or attempted suicide, reflecting a change from prior years. The
most commonly identified pediatric benzodiazepines of exposures were alprazolam, clonazepam,
and lorazepam.
Conclusions: The rate and severity of reported pediatric benzodiazepine exposure is increasing over
time. Adolescent exposures are of specific concern, as co-ingestion and intentional abuse were found
to be more common in this group. Medical providers and caretakers should be cognizant of this grow-
ing epidemic to avoid preventable harm to adolescents, young children, and infants.

Abbreviations: US: United States; ED: Emergency Department; NPDS: National Poison Data System;
SPIs: Specialists in Poison Information; BZD: Benzodiazepine
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Introduction

Non-therapeutic ingestion of medication is a major pediatric
public health issue. Approximately 70,000 children receive
care in an Emergency Department (ED) annually due to non-
therapeutic pharmaceutical poisoning, and nearly 12% of
these visits result in inpatient hospitalization [1–3]. Despite
the introduction of child-resistant packaging in the 1970s
and the Overdose and Treatment Exposures Task force of
2008, poisonings from prescription medications continue to
be a major cause of pediatric morbidity [2–4].

Benzodiazepines, a class of medications which contain,
sedative, anxiolytic, and hypnotic properties, are commonly
prescribed medications in the United States (US), and the
number of benzodiazepines prescribed in the US continues
to increase on an annual basis [5–7]. Medical prescriptions
represent the primary source of supply for individuals who

abuse benzodiazepines and rates of visits to EDs and over-
dose deaths involving benzodiazepines are increasing [5,7].
The increased availability of opioid analgesics is often impli-
cated as a cause of both adult and pediatric pharmaceutical
poisonings [3,8,9], and a significant rise in the availability of
benzodiazepines has been implicated as an additional driver
of morbidity and mortality in prescription medication poison-
ings [5,6,10–12]. Adult prescription medications are the
source of the offending drug in the majority of pediatric
pharmaceutical poisonings. Increases in the prevalence of
adult prescription medications are associated with poisoning
in children, particularly those ages 0 to <6 years, usually as a
result of unsupervised or accidental ingestion [1,3,4].
However, it is unknown if the rise in benzodiazepine pre-
scribing specifically has impacted the pediatric population.
Furthermore, if such an impact exists, it is unclear how its
effects are spread between infants and young children (ages
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0 to <6 years), older children (ages 6 to <12 years), and ado-
lescents (ages 12 to <18 years).

This study analyzes data extracted from the National
Poison Data System (NPDS) in order to describe the charac-
teristics of and trends in pediatric benzodiazepine exposures
reported to US poison control centers. Furthermore, this
study will: (1) describe the severity of medical outcome asso-
ciated with pediatric benzodiazepine exposure, (2) determine
which individual benzodiazepines are involved in pediatric
exposure, and (3) determine trends in child and adolescent
benzodiazepine exposures based on age and the reason
for exposure.

Methods

A retrospective analysis of the NPDS was conducted. The
NPDS contains records of all poisoning cases reported to US
poison control centers. These poison control centers are
staffed by specialists in poison information (SPIs) and an
electronic record is created for each call received [1,3]. Data
pertaining to benzodiazepine exposures in children ages 0 to
<18 years reported to all participating US poison centers
from 1 January 2000 through 31 December 2015 were
obtained from the NPDS. Exposure data were documented
by SPIs using standardized data fields and definitions.
Inclusion criteria included any case where a benzodiazepine
was identified as an ingested product. This included cases
where a benzodiazepine was the only substance ingested as
well as cases where a benzodiazepines was one of multiple
ingested products. Given the pediatric focus of this study,
patients 18 years and older were excluded (36,318 records).
Additional exclusions included confirmed non-exposure to
benzodiazepines (2793 records) and records where the pre-
cise age of the patient in years or months was not docu-
mented (1792 records).

Data analyzed in this study included the following: age of
patient, the drug ingested including any co-ingestants (if
applicable), the reason for the ingestion, and the severity of
outcome. Ages were stratified into the following categories:
0 years to <2 year, 2 to <6 years, 6 to <12 years, and 12 to
<18 years. Severity of health outcome was stratified into five
groups: (1) death, (2) major effect or moderate effect, (3)
potentially toxic exposures, (4) minor effect, no effect, or not
followed, and (5) unrelated effect. The reported reason for
benzodiazepine exposure was also stratified into five groups:
intentional, unintentional, adverse reaction, other, and
unknown reason.

In order to generate the rate of benzodiazepine exposures
per 100,000US children, population data was obtained from
the US Census Bureau’s 2000 and 2010 July 1st population
estimates for calendar years 2000 to 2015 [23–25]. Data were
analyzed using Chi-square tests in order to determine if
annual changes in the distribution of severity of exposure,
presence of co-ingestions, sub-group analyses, reason for
exposure, and benzodiazepine of exposure were statistically
significant. A p value of less than .05 was considered signifi-
cant. Statistical analysis was performed using R on the
Jupyter Notebook platform. Data tables which reflect

multiple chi-square analyses done across the entire 16-year
study period are presented in an appendix. Additionally,
Tables 1, 2a, 2b, 4, and 5 display select data from four indi-
vidual years of the study (2000, 2005, 2010, and 2015) in
order to illustrate qualitative trends that were observed in
the data across the study period. All graphs and tables were
prepared using Microsoft Excel version 16.10. Complete
tables on an annualized basis are available as an appendix.
This study was approved by the institutional review board at
the Georgetown University School of Medicine.

Results

A total of 296,838 pediatric benzodiazepine exposures that
met inclusion criteria were identified during the study period.
Instances where the precise age of the child could not be
identified were excluded (1792 records). The rate of pediatric
benzodiazepine exposure reported to US poison centers has
increased 54% over the study period, from 17.7 exposures
per 100,000 children in 2000, to 27.30 exposures per 100,000
children in 2015. Using a Chi-square analysis, the change in
distribution of benzodiazepine exposure per 100,000 children
by calendar year was found to be significant. (Figure 1,
p< .001). Furthermore, a qualitative review of the data sug-
gests that the severity of medical outcome increased
across the study period (Table 1). Statistical analysis revealed
a significant change in distribution of severity of outcome
across calendar years throughout the study period
(Table A1, p< .001).

In addition to increasing severity of outcome, the majority
of pediatric benzodiazepine exposures involved co-ingestion
of one or more additional substances (Table A2a, p< .001),
and a qualitative analysis of the data suggests that the
prevalence of co-ingestion increased throughout the study
period (Table 2a). This trend of increasing polysubstance
abuse or exposure was most pronounced in adolescents
ages 12 to <18 (Table 2b, Table A2b). Additionally, co-inges-
tion of one or more substances was found to have a signifi-
cant effect on severity outcome (Table 3, p< .001). A
qualitative analysis of the data suggests that children who
engaged in co-ingestion were more likely to experience a
moderate effect, a major effect, or death.

Furthermore, the documented reason of pediatric benzo-
diazepine exposure changed significantly throughout the
study period. A qualitative review of the data suggests that
intentional benzodiazepine exposures steadily increased
throughout the study period. By the conclusion of the study
period nearly half (48%) of all pediatric benzodiazepine expo-
sures were intentional in nature, representing abuse, inten-
tional misuse, or attempted suicide (Table 4). The change
in distribution of reason for exposure by calendar year
was found to change significantly between calendar years
(Table A3, p< .001).

Analysis also revealed that the distribution of benzodi-
azepine exposure by age group changed significantly by cal-
endar year throughout the study period (Table A4, p< .001).
A qualitative review of the data demonstrates that while
reported benzodiazepine exposures decreased in children
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aged 0 to <6 years (50% in 2000 vs. 42% in 2015), reported
exposures for adolescents aged 12 to <18 years were noted
to have increased (42% in 2000 vs. 52% in 2015) (Table 5).
Table 6 details the distribution of ages across all benzodi-
azepine exposures reported throughout the study period.

Finally, of the 296,838 exposures analyzed, the three most
commonly identified benzodiazepines were alprazolam,
clonazepam, and lorazepam, with 58,404 (19.7%), 53,836

(18.1%), and 28,164 (9.4%) exposures recorded, respectively.
Benzodiazepine of exposure was found to significantly
impact the distribution of medical outcomes (p< .001), how-
ever qualitative review of this data suggests that there is lit-
tle meaningful difference in exposure outcomes between
these three benzodiazepines (Table 7). Two hundred fifty-
three deaths occurred during the study period, and expo-
sures that included alprazolam had the highest rate of death,

Table 1. Changes in severity of NPDS outcome for benzodiazepine exposure, select years.

NPDS outcome 2000 2005 2010 2015

Death 5 (0.0%) 10 (0.1%) 27 (0.1%) 23 (0.1%)
Major effect or moderate effect 1728 (13.5%) 2612 (14.6%) 3730 (17.4%) 4780 (23.8%)
Potentially toxic exposure 1075 (8.4%) 1447 (8.1%) 1529 (7.1%) 1046 (5.2%)
Minor effect, no effect, or not followed 9838 (76.7%) 13,616 (76.4%) 15,872 (74.2%) 14,019 (69.7%)
Unrelated effect 181 (1.4%) 145 (0.8%) 231 (1.1%) 238 (1.2%)

NPDS Outcome Definitions [22].
Death: The patient expired as a result of the exposure.
Major effect: The exposure caused life threating symptoms that may result in permanent sequalae.
Moderate effect: The patient experience significant symptoms, which may be systemic but do not typically result in permanent disability
or disfigurement.
Potentially toxic exposure: The patient was lost to follow-up; however, the exposure was significant and may have resulted in a moderate
effect, major effect, or death.
Minor effect: Minimal symptoms that resolve quickly.
No effect: No clinical effect was observed as a result of the exposure.
Not followed: The exposure was judged as a non-toxic exposures and was not followed.
Unrelated effect: The exposure was likely not responsibly for the patient’s symptoms.

Table 2a. Prevalence of co-ingestant(s), select years, ages 0–17.

Co-ingestant(s) 2000 2005 2010 2015

BZD exposure only 5982 (46.6%) 8059 (45.2%) 9523 (44.5%) 7690 (38.2%)
BZD exposure AND one or more co-ingestants 6845 (53.4%) 9771 (54.8%) 11,866 (55.5%) 12,416 (61.8%)

BZD: Benzodiazepine.

Table 2b. Prevalence of co-ingestant(s), select years, children ages 12–17 Only.

Co-ingestant(s) 2000 2005 2010 2015

BZD exposure only 1511 (27.9%) 1903 (25.3%) 2065 (24.1%) 2182 (20.9%)
BZD exposure AND one or more co-ingestants 3911 (72.1%) 5608 (74.7%) 6490 (75.9%) 8261 (79.1%)

BZD: Benzodiazepine.
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Figure 1. Total Reported Benzodiazepine Exposures per 100,000 United States Children, by year, from 2000 to 2015.
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with 34 pediatric deaths recorded. Of the 34 deaths attrib-
uted to exposures involving alprazolam, 22 were character-
ized as “intentional,” which included the subcategories of
“abuse,” “misuse,” or “suspected suicide.” In contrast, expo-
sures which included clonazepam had the highest rate of
moderate or severe outcome (13%), (Table 7). More than 15
unique benzodiazepines of exposure were identified
throughout the study period.

Discussion

This study found that the population adjusted rates of pedi-
atric benzodiazepine exposures in the US increased 54%
between 2000 to 2015. It is unclear to the authors what may
have caused the decrease in reported benzodiazepine expo-
sures between 2009 and 2013, and further analyses should
address the root causes underlying these trends. However,
the overall increasing rate of reported benzodiazepine expos-
ure found throughout this study period appears to reflect
the increasing rates of benzodiazepine prescription that have
been reported across the US over the past decade [7,13–15].
Although prior studies have reported on the impact of
benzodiazepine and opioid co-ingestions in the adolescent
population in an emergency department setting [7], prior to
this study, there appears to be a lack of data with regard to
how benzodiazepine availability affects the pediatric popula-
tion across all ages.

Previous studies have demonstrated that pediatric trends
in medication overdose and poisonings mirror prescribing
patterns in the adult population. For example, Burghardt
et al. demonstrated that increases in adult prescriptions were
associated with an increased risk of exposure and poisoning
in children, particularly those children aged 0 to <6 years
[3]. In this age group, accidental exposure or ingestion was

found to be the most common form of poisoning. In con-
trast to prior pediatric literature, this study suggests that the
rising availability of benzodiazepines most directly affects the
adolescent population rather than the youngest of children,
as the percentage of exposures involving adolescents
increased throughout the study period (42.3% in 2000 to
51.9% in 2015), and the percentages of exposures involving
children ages <6 years and younger decreased (See Table 5
and Table A4). However, as the NPDS database does not
delineate the source of the exposure substance, it is not pos-
sible to analyze the proportion of adolescent exposures that
result from misuse of an adult prescription medication. In
cases of adolescent benzodiazepine exposure, it is possible
that the benzodiazepine used was initially prescribed to or
intended to be used by an adolescent.

Furthermore, the findings of this study are particularly
alarming, as they demonstrate that the outcomes of

Table 3. Impact of co-ingestant(s) on NPDS outcome between
2000–2015 (p< .001).

NPDS outcome BZD alone BZD with co-ingestant(s)

Death 2 (0.0%) 251 (0.2%)
Major or Moderate effect 8721 (6.4%) 43,574 (26.1%)
Potentially toxic exposure 11,249 (8.7%) 10,228 (6.1%)
Minor effect, no effect, or

not followed
108,377 (83.8%) 110,887 (66.4%)

Unrelated effect 1448 (1.1%) 2101 (1.3%)

BZD: Benzodiazepine.
See Table 1 for NPDS outcome definitions.

Table 4. Reported reason for benzodiazepine exposure, select years.

Reason 2000 2005 2010 2015

Intentional (e.g., overdose, abuse suicide) 4752 (37.0%) 6676 (37.4%) 7795 (36.4%) 9590 (47.7%)
Unintentional (e.g., accidental ingestion, incorrect dose) 7787 (60.7%) 10,762 (60.4%) 13,109 (61.3%) 10,008 (49.8%)
Adverse reaction 103 (0.8%) 154 (0.9%) 146 (0.7%) 184 (0.9%)
Other 72 (0.6%) 80 (0.4%) 79 (0.4%) 86 (0.4%)
Unknown reason 113 (0.9%) 158 (0.9%) 260 (1.2%) 238 (1.2%)

Category combination rules.
Intentional – Includes: Intentional Abuse, Intentional Misuse, Intentional Suspected Suicide, and Intentional Unknown.
Unintentional – Includes: Unintentional Therapeutic Error, Unintentional Misuse, Unintentional Bite/Sting, Unintentional Environmental, Unintentional Food
Poisoning, Unintentional General, Unintentional Occupational, and Unintentional Unknown.
Adverse reaction – Includes: Adverse Reaction Drug, Adverse Reaction Food, and Adverse Reaction Other.
Other – Includes: Other Contamination / tampering, Other Malicious, and Other Withdrawal.
Unknown Reason – Includes: Unknown reason.

Table 5. Distribution of benzodiazepine exposure by age group, select years.

Age Group (years) 2000 2005 2010 2015

Age 0 to <2 2244 (17.5%) 3082 (17.3%) 3930 (18.4%) 3056 (15.2%)
Age 2 to < 6 4193 (32.7%) 6154 (34.5%) 7785 (36.4%) 5495 (27.3%)
Age 6 to <12 968 (7.5%) 1083 (6.1%) 1119 (5.2%) 1112 (5.5%)
Age 12 to <18 5422 (42.3%) 7511 (42.1%) 8555 (40.0%) 10,443 (51.9%)

Table 6. Distribution of benzodiazepine exposure by age group across all
study years (p< .001).

Age group (years) Total exposures Percent

Age 0 to <2 50,399 17%
Age 2 to < 6 98,552 33%
Age 6 to <12 17,900 6%
Age 12 to <18 129,987 44%
Total: 296,838 100%

Table 7. Impact of benzodiazepine of exposure on NPDS outcome between
2000–2015 (p< .001).

NPDS Outcome Alprazolam Clonazepam Lorazepam

Death 34 (0.1%) 13 (0.0%) 8 (0.0%)
Major effect or moderate

effect
6402 (11.0%) 6777 (12.6%) 3400 (12.1%)

Potentially toxic exposure 5575 (9.5%) 4149 (7.7%) 2041 (7.2%)
Minor effect, no effect, or

not followed
45,797 (78.4%) 42,240 (78.5%) 22,347 (79.3%)

Unrelated effect 596 (1.0%) 657 (1.2%) 368 (1.3%)
TOTAL 58,404 (100%) 53,836 (100%) 28,164 (100%)

See Table 1 for NPDS outcome definitions.
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benzodiazepine exposures appear to be increasing in severity
(Table 1). This is due to the fact that the proportion of
benzodiazepine exposures that involve one or more co-
ingested substances also appears to be increasing (Table 2).
The literature reports that benzodiazepines overdose is typic-
ally not life-threatening in isolation [5], and our findings
reflect the concept that co-ingestion of one or more substan-
ces increases the severity of exposure outcome (Table 3)
[8,15]. While this study did not seek to identify the specific
co-ingestants involved in these exposures, the nature these
of co-ingestants are driving the increased severity of out-
come seen across all pediatric benzodiazepine exposures. For
example, the prevalence of benzodiazepine and opioid co-
ingestion is a well-established phenomenon [6,8], and it has
previously been reported that concomitant ingestion of
opioids and benzodiazepines may play a role in rising rate
adverse outcomes and overdose deaths seen across the US
[7,16]. The phenomenon of multiple drug co-ingestions is
particularly prevalent in the adolescent population (ages 12
to <18) [17], and our results demonstrate that the majority
of adolescent benzodiazepine exposures involve ingestion of
a benzodiazepine with one or more substances.

Further education regarding the prevalence of benzodi-
azepine exposure will be necessary for medical providers to
limit unnecessary prescribing. Additionally, those in primary
or emergency care settings will be on the front lines of
screening and caring for these patients. Lastly, parents and
caretakers must be educated as well, and caregivers must be
counseled regarding proper use, storage, and disposal of
these high-risk medications.

There are limitations to this study. First, NPDS is a volun-
tary database, as healthcare providers and the general public
have no obligation to report to poison control centers.
Second, it is possible that there is an underestimation of
pediatric exposure to benzodiazepines by medical professio-
nals, which may lead to underdiagnoses and underreporting.
Third, in many medical settings, the determination of benzo-
diazepine exposure is made by rapid drug testing, which
may exclude various types of benzodiazepines and typically
does not include confirmatory testing. This may generate
both false negative and false positive results [18–21]. All of
these factors further obscure and likely underestimate the
true prevalence of benzodiazepine overdose and exposure in
the pediatric population. Finally, the identity of specific co-
ingestants was not analyzed in this study. It is unclear what
role specific co-ingestants played affecting the results seen
throughout this study.

Conclusion

The rates of reported pediatric benzodiazepine exposure in
the US increased from 2000 to 2015. At the same time, the
outcomes of such exposures are increasing in severity. The
rise in intentional exposures and exposures involving co-
ingestions with benzodiazepines is particularly concerning in
the adolescent population, and co-ingestions cause add-
itional harm across all pediatric populations.

Adolescents in particular may be at risk from benzodiazep-
ine exposures both from the standpoint of intentional use as
well as the use of co-ingestions. Further investigations should
explore the relationship between severity of outcome, increas-
ing prevalence of adolescent ingestion, and the increasing
use of co-ingestants. Providers must be cognizant of these
trends in order to properly prescribe, screen for abuse, and
counsel parents, patients, and caregivers in order to avoid
preventable harm to adolescents, young children, and infants.
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Table A1. Changes in severity of NPDS outcome for benzodiazepine exposure, by year (p< .001).

NPDS Outcome 2000 Percent 2001 Percent 2002 Percent 2003 Percent 2004 Percent 2005 Percent 2006 Percent 2007 Percent

Death 5 0.0% 8 0.1% 3 0.0% 11 0.1% 4 0.0% 10 0.1% 14 0.1% 15 0.1%
Major or Moderate effect 1728 13.5% 1949 13.9% 2268 14.9% 2451 15.5% 2575 14.8% 2612 14.6% 3129 16.7% 3455 17.1%
Potentially toxic exposure 1075 8.4% 1014 7.2% 1313 8.6% 1372 8.7% 1476 8.5% 1447 8.1% 1507 8.1% 1667 8.2%
Minor effect, no effect, or

not followed
9838 76.7% 10806 77.2% 11389 75.0% 11750 74.5% 13102 75.3% 13616 76.4% 13816 73.9% 14854 73.4%

Unrelated effect 181 1.4% 224 1.6% 221 1.5% 184 1.2% 251 1.4% 145 0.8% 221 1.2% 244 1.2%

2008 Percent 2009 Percent 2010 Percent 2011 Percent 2012 Percent 2013 Percent 2014 Percent 2015 Percent

Death 16 0.1% 29 0.1% 27 0.1% 20 0.1% 24 0.1% 13 0.1% 31 0.2% 23 0.1%
Major or Moderate effect 3385 16.0% 3545 16.3% 3730 17.4% 4083 19.6% 4087 20.3% 4136 21.2% 4382 22.0% 4780 23.8%
Potentially toxic exposure 1680 8.0% 1535 7.1% 1529 7.1% 1377 6.6% 1271 6.3% 1102 5.6% 1066 5.3% 1046 5.2%
Minor effect, no effect, or

not followed
15797 74.8% 16400 75.5% 15872 74.2% 15180 72.7% 14523 72.1% 14092 72.1% 14210 71.2% 14019 69.7%

Unrelated effect 248 1.2% 227 1.0% 231 1.1% 220 1.1% 234 1.2% 209 1.1% 271 1.4% 238 1.2%

Appendix

Table A2a. Prevalence of co-ingestant(s) by year, ages 0–17 (p< 0.001).

Co-ingestant(s) 2000 Percent 2001 Percent 2002 Percent 2003 Percent 2004 Percent 2005 Percent 2006 Percent 2007 Percent

BZD exposure only 5982 47% 6290 45% 6875 45% 7160 45% 7896 45% 8059 45% 8551 46% 9112 45%
BZD exposure AND one or

more co-ingestants
6845 53% 7711 55% 8319 55% 8608 55% 9512 55% 9771 55% 10136 54% 11123 55%

2008 Percent 2009 Percent 2010 Percent 2011 Percent 2012 Percent 2013 Percent 2014 Percent 2015 Percent

BZD exposure only 9474 45% 9844 45% 9523 45% 9171 44% 8486 42% 8024 41% 7660 38% 7690 38%
BZD exposure AND one or

more co-ingestants
11652 55% 11892 55% 11866 55% 11709 56% 11653 58% 11528 59% 12300 62% 12416 62%

BZD: Benzodiazepine.

Table A2b. Prevalence of co-ingestant(s) by year, ages 12–17 (p< 0.001).

Co-ingestant(s) 2000 Percent 2001 Percent 2002 Percent 2003 Percent 2004 Percent 2005 Percent 2006 Percent 2007 Percent

BZD exposure only 1511 28% 1582 26% 1820 27% 1768 25% 2050 27% 1903 25% 2009 25% 2268 26%
BZD exposure AND one or

more co-ingestants
3911 72% 4506 74% 4990 73% 5196 75% 5582 73% 5608 75% 5941 75% 6468 74%

2008 Percent 2009 Percent 2010 Percent 2011 Percent 2012 Percent 2013 Percent 2014 Percent 2015 Percent

BZD exposure only 2211 25% 2168 25% 2065 24% 2083 23% 1935 22% 1744 20% 2018 21% 2182 21%
BZD exposure AND one or

more co-ingestants
6670 75% 6671 75% 6490 76% 6900 77% 6823 78% 6847 80% 7806 79% 8261 79%

Abbreviations: Benzodiazepine (BZD).
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