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Abstract

Background: We determine trends in fatal pediatric drug overdose from 1999 to 2018 and 

describe the influence of contextual factors and policies on such overdoses.

Methods: Combining restricted CDC mortality files with data from other sources, we conducted 

between-county multilevel models to examine associations of demographic and socioeconomic 

characteristics with pediatric overdose mortality and a fixed-effects analysis to identify how 

changes in contexts and policies over time shaped county-level fatal pediatric overdoses per 

100,000 children under 12.

Results: Pediatric overdose deaths rose from 0.08/100,000 children in 1999 to a peak of 

0.19/100,000 children in 2016, with opioids accounting for an increasing proportion of deaths. 

Spatial patterns of pediatric overdose deaths are heterogenous. Socioeconomic characteristics 

are not associated with between-county differences in pediatric overdose mortality. Greater 

state expenditures on public welfare (b=−0.099; CI:[−0.193,−0.005]) and hospitals (b=−0.222; 

CI:[−.437,−.007]) were associated with lower pediatric overdose mortality. In years when a Good 

Samaritan law is in effect, the county-level pediatric overdose rate was lower (b=−0.095; CI:

[−0.177,−0.013]).

Conclusions: Pediatric overdose mortality increased since 1999, peaking in 2016. Good 

Samaritan laws and investment in hospitals and public welfare may temper pediatric overdoses. 

Multi-faceted approaches using policy and individual intervention is necessary to reduce pediatric 

overdose mortality.
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Introduction

Overdose mortality escalated considerably in the United States over the past several decades, 

growing from 16,849 overdose deaths in 1999 to 70,630 in 2019, representing a change in 

rate from 6.1 per 100,000 persons to 21.6 per 100,000 persons.(1–3) Research has indicated 

several waves of overdose, initially resulting from misuse of prescription opioids followed 

by increases in overdose from heroin and drug market adulteration with synthetic opioids.(4) 

However, although opioids have been a central focus in recent years, overdose mortality has 

steadily increased for decades for a wide range of substances, including psychostimulants 

and benzodiazepines.(5) Opioids undoubtedly remain a considerable problem, but only 

more recently has attention focused on a wider array of overdoses. Also, while growth in 

substance-related problems among adolescents and adults has received substantial attention,

(6–8) the overdose crisis’s impact on young children has received less consideration.

Young children have experienced thousands of drug-related events requiring emergency 

intervention annually.(9–11) Reports of deaths specifically from prescription opioids 

increased among young children as the overdose crisis evolved.(11–12) While recognition 

that drug-related mortality presents a problem for children grows, relatively few studies have 

investigated contexts contributing to this problem. Many studies examining drug-related 

problems in pediatric populations have focused on neonatal abstinence syndrome rather 

than early childhood risks.(13–15) Investigating policies and contexts that shape drug 

overdose deaths within the pediatric population is especially important to facilitate resource 

mobilization.

Drug-related overdose mortality functions differently for children under 12 than for older 

individuals.(16) Drug abuse and dependence are extremely rare at this life course stage, 

and adverse events do not typically occur because of intentions to experience intoxication. 

Further, specifically regarding prescription drugs, opioid prescriptions for children in the 

U.S. remained relatively stable over time, while adult prescriptions increased.(16–17) 

Thus, we anticipate that patterns of mortality may differ for young children compared to 

adolescents and adults, who intentionally use substances for intoxication.

A key source of pediatric drug overdoses includes unintentional ingestion of substances 

found around the home; most pediatric overdoses occur in residential settings,(11) especially 

through household exposure to adults’ prescription medications.(18) Indeed, children have 

higher odds of overdose if a parent has been prescribed an opioid.(19) The greatest risk 

for younger children occurs for children less than 5 years old.(20) Some scholars suggest 

that mismatches between prescribed quantity and patient pain management needs has led 

to leftover medications, creating risks for unintentional overdoses among children.(21) 

Children may also be placed at risk by the presence of illicit drugs within the home, making 

parental drug dependence a concern related to pediatric overdose.(22) In some of the most 

nefarious instances, intentional poisonings of children have been reported.(23) In addition to 

threats to individual lives, overdoses within pediatric populations have strained resources at 

children’s hospitals and pediatric intensive care units.(24) These problems may be patterned 

across society, and identification of contextual factors associated with pediatric overdoses 

may facilitate better intervention.

Kelly et al. Page 2

Pediatr Res. Author manuscript; available in PMC 2021 December 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Beyond the importance of social contexts, several policies have been implemented within the 

U.S. to address overdose mortality.(25–30) Although more directly affecting adults, certain 

policies may affect pediatric overdoses by reducing prescription and illicit drugs within 

the home or increasing lifesaving opportunities. Prescription drug monitoring programs and 

pain clinic prescribing limits may directly reduce the number of scheduled psychoactive 

medications in circulation by tempering prescribing and encouraging more responsible 

prescribing. They may also indirectly reduce illicit substances by impeding pathways from 

dependence on prescription drugs to illicit drugs.(31–32) Expanded naloxone access impacts 

opportunities for intervention with overdoses from opioids by increasing availability of a 

medication that can reverse an opioid overdose; this is the only policy specific to opioids, 

but as described below, opioid overdoses comprise a significant proportion of pediatric 

overdoses in the U.S. Good Samaritan laws – which protect those who call emergency 

services at the site of an overdose from criminal or civil penalties related to drugs present 

– may reduce hesitation by adults to call 911 in the event of a pediatric overdose from 

any psychoactive substance but particularly those illicitly obtained, thus increasing the 

rapidity by which first responders arrive. Although not implemented directly in response 

to overdoses, medical marijuana laws may provide alternative pain therapies that reduce 

prescribed opioids within the house.(33) Identifying the impact of these laws on pediatric 

overdoses remains important but understudied. The United States is a particularly unique 

place to study the role of such policies on child health since these policies have been 

implemented thus far at the state-level rather than the federal level, leading to variability 

across the U.S. over time.

Current Study

This paper examines pediatric overdose mortality since 1999 and assesses contextual and 

policy factors shaping overdose among this vulnerable population. We first examine trends 

in pediatric drug overdose deaths within the U.S. from 1999 to 2018. We then examine 

the geography of pediatric overdose mortality. Subsequently, we utilize between-county 

multilevel models to examine how county and state contextual characteristics are associated 

with pediatric overdose mortality. We conclude with a fixed-effects analysis identifying 

how changes over time, including policy implementation, have affected pediatric overdose 

mortality.

Methods

Overdose Mortality Data

We utilized Centers for Disease Control and Prevention (CDC) restricted access mortality 

files, 1999–2018, which include records on every death in the U.S. Cause of death codes 

allowed the identification of drug overdoses. Our primary outcome is the mortality rate 

due to psychoactive drug (substances that affect psychological states by causing changes in 

mood, sensations, feelings, or behavior) overdoses among children under 12 per 100,000 

children under 12. As the CDC files contain all deaths, we note that while we focus on 

deaths among children under 12, we make comparisons to overdoses as a whole as well as 

by other age groups such as adolescents (12–17) and adults (18 and older). We utilized the 

CDC’s operational definition for drug overdoses.(34) Such deaths have ICD-10 underlying 
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cause codes of “drug poisoning” X40-X44 (unintentional), X60-X64 (intentional self-harm), 

X85 (assault/homicide), and Y10-Y14 (undetermined/unknown). We deviate from the strict 

CDC definition to examine only overdose deaths specific to psychoactive substances – 

prescription or illicit – to eliminate poisoning via alcohol, household chemicals, or other 

medications, such as non-psychoactive prescribed substances (e.g. antibiotics) and common 

over-the-counter drugs (e.g. Tylenol). Thus, underlying overdose causes were combined with 

ICD-10 multiple causes codes for psychoactive drugs: T40.0-T40.9 (Poisoning by, adverse 

effect of and underdosing of narcotics and psychodysleptics), T42.0-T42.8 (Poisoning by, 

adverse effect of and underdosing of antiepileptic, sedative- hypnotic and antiparkinsonism 

drugs), and T43.0-T43.9 (Poisoning by, adverse effect of and underdosing of psychotropic 

drugs, not elsewhere classified) as well as the code T50.9 for an unspecified substance (for 

more specific T-codes within these groupings, see Appendix B). All substances belong to 

a single classification code, such that there is no overlap; however, there are categories for 

undetermined substance, and more than one substance of different categories can be present 

for a single death. We aggregated deaths to county-levels and calculated overdose mortality 

rates. Unlike public use data, restricted data contain no suppressed information, permitting 

more precise analysis of counties, including those with fewer than 10 deaths per year, which 

is typical for pediatric overdoses. Due to CDC restrictions on the reporting of rare outcomes 

in our agreement for restricted data access, specifically prohibition on the report of death 

counts or rates based on counts of nine or fewer, exact numerical values cannot be displayed 

in some instances.

County- and State-level Factors

From the Census Bureau’s American Community Survey, we included time-varying county-

level factors: unemployment rate, median household income, and percentage over 25 with 

a Bachelor’s, foreign born, female-headed households, Non-Hispanic Black, and Hispanic. 

From the Annual Survey of State Government Finances, we included state-level per-capita 

spending on education, public welfare, hospitals, and health. County-level population 

denominators to calculate rates were obtained from the CDC.

Policy Data

We utilized the Prescription Drug Abuse Policy System (PDAPS) for a comprehensive 

listing of state policy passage between 1999 and 2016. We then created a state-year 

dataset to account for the presence of policies during the period of observation. Policies 

assessed included Prescription Drug Monitoring Programs, Expanded Naloxone Access, 

Good Samaritan Laws, Pain Clinic Prescribing Restrictions, and Medical Marijuana Laws. 

Although there is heterogeneity in how these laws are implemented across states, we focus 

on base level implementation within our analyses to account for the widest range of such 

policies. Policies are coded 1 for full years when they were active, and 0 otherwise.

Analysis

As an underexplored area of research, we first examined temporal and spatial variation 

descriptively. Beyond generalized national trends, total rates of fatal overdose from 1999 to 

2018 were calculated for each state, which were then set into quintiles given the restricted 

data use agreement. We assessed percent change for each state and used a cutoff for percent 
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change of 5 or greater (in either direction) and denoted this visually in our results section 

through an indicator of increase (+) or decrease (−) next to the state abbreviation on maps. 

States that experienced no percent change of 5 or greater in either direction have no indicator 

of change next to the state abbreviation.

We then conducted multilevel linear regression models for the years 1999 to 2016 (the 

last year in which the policy data is available) using two approaches. First, we assessed 

between-effects of state- and county-level contexts on pediatric overdose mortality. We 

note that pediatric overdoses are a rare event, particularly at the county-level. By using 

between-effects, we can combine data across years by utilizing the county-level average over 

the entire period as the outcome. These analyses assess how differences in the averages of 

characteristics between locations are associated with the average pediatric overdose rate. 

Second, we used fixed-effects models, a causal method for observational data, to determine 

the effect of these characteristics and policy implementation over time.(35–37) Their 

strength is the elimination of unobserved heterogeneity by differencing all predictors and 

the outcome from its county-specific average. Fixed effects estimators are robust to observed 

or unobserved time-invariant omitted variables, which removes constant county-level effects. 

In this way, policies become analogous to a “treatment” in an experimental setting. While 

this method is more sensitive to the rarity of the event since the unit of analysis is now every 

year, the strength of the method allows for an examination of the effect of policy on pediatric 

overdoses. To account for temporal patterns in overdose rates and provide estimates of the 

effect of policies independent of that pattern, the fixed-effects models included covariates 

for year. Finally, we included a standard error cluster correction for the state to account 

for the dependencies between counties in each state in the fixed-effects model (the cluster 

correction is not compatible with between-effects). We conducted all analyses in Stata 16.0.

Within the U.S., there are 3,142 counties across 17 years. The two smallest counties 

were excluded because population estimates for this age group are unreliable. Thirteen 

counties restructured boundaries, such that within models we start those series at years when 

boundaries are the same as the present; prior years are not comparable. Thus, our models 

include 50,079 county-year observations. Descriptive statistics are shown in Appendix A for 

the interested reader.

Results

Trends in pediatric mortality during the overdose crisis are presented in Figure 1. Between 

1999 and 2018 over a thousand children under 12 died from drug overdoses (N = 1,348), and 

the rate more than doubles from 0.08 per 100,000 children in 1999 to approximately 0.19 

per 100,000 children in the peak year, 2016 (p<.05). The sharpest escalation occurred early 

during the overdose crisis, from 1999 until 2007, experiencing a temporary decrease, and 

then returning to higher levels before declining again. The figure also depicts the proportion 

of overdoses attributable to opioids. From 1999 to 2007, opioid overdoses accounted for 

approximately half of pediatric overdose deaths on average. From 2010 onward, opioid 

overdoses accounted for two-thirds to three-quarters of pediatric overdose mortality. Thus, 

over time, opioids accounted for a greater proportion of pediatric overdose deaths. Appendix 

B provides further breakdown of the substances involved both alone and in combination. 
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The most common substances were prescription opioids (involved alone or in combination 

in 37.9% of deaths), methadone (21.9%), and synthetic opioids (11.4%). Heroin accounted 

for a small proportion of pediatric deaths (2.0%). Yet, a sizable number of deaths were 

due to psychostimulants (8.4%), cocaine (6.8%), and benzodiazepines (5.0%). For most 

substances, including non-opioids, the majority of deaths were due to that substance alone. 

But this fact should not diminish deaths involving multiple drugs. One notably different 

pattern is that most benzodiazepine deaths (73.2%) involved another substance.

In terms of cause, overdoses are coded as either unintentional, intentional, homicide, or 

unknown. Figure 2 identifies differences within the data between children under 12 and 

both adolescents and adults. For children under 12, 42.8% were coded unintentional, 

0.7% intentional, 24.4% homicide, and 32.1% unknown. By contrast, for teens 12–17, 

suicide (18.9%) and unintentional overdoses (70.5%) were predominant. For adults, the vast 

majority were unintentional (80.7%). Homicide is negligible for adolescents and adults, and 

these older groups also have a smaller proportion coded as unknown. We also note that 

the root cause of “unintentional” overdoses is distinct given that adolescents and adults 

pursue intoxication with known risks while children likely experience purely unintentional 

poisonings.

Turning to Figure 3, we show the distribution of pediatric overdose death rates across states. 

The map displays the annual overdose rate averaged across a twenty-year period (1999 

to 2018). Overall, the map shows many similarities to the total overdose rate, of which 

pediatric overdoses are an exceedingly small part. For example, the pediatric overdose rates 

were highest in areas such as Appalachia, Oklahoma, and Montana, and lowest in areas 

such as the “Great Plains” states, New York, New Jersey, Virginia, Texas, and California. 

In terms of change between the five-year average in the earliest and most recent years, 

32 states observed increases of five percent or more, while only 7 states experienced a 

decrease of 5 percent or more. We also draw the reader’s attention to the total overdose trend 

diverging from changes over the past twenty years, as there have been increases in states 

with generally low rates, such as New York, and decreases in states with generally high 

rates, such as Oklahoma.

We extend the analysis of geographic differences through assessing differences in overdose 

mortality between counties related to county-level social and demographic characteristics. 

Within Table 1, we present the results of the multilevel linear regression model assessing 

these between-county effects. County metropolitan status and the next eight variables 

presented within the table permit us to examine differences between counties on the 

basis of the average of these characteristics. Notably, the results indicate that average 

differences between counties in socio-demographic factors had no measurable effect on 

the average pediatric overdose mortality rate. For state characteristics, we assessed four 

types of public expenditures. Of these four factors, greater state expenditures on public 

welfare and hospitals were associated with significantly lower pediatric overdose mortality 

rates. Specifically, a $1 increase in public welfare and hospital expenditures per capita 

was associated with a pediatric overdose rate lower by 0.099 (−0.193,−0.005) and 0.222 

(−0.437,−0.007), respectively.
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Table 2 presents results from fixed-effects regression models assessing the effects of 

within-county changes. Of the county-level factors noted above, increases in female-headed 

households led to a decrease in pediatric overdose mortality (B=−0.037, (−0.064, −0.010); 

no other factors had an effect. Although the relative between-state values mattered, within-

state changes to state expenditures over time did not affect the overdose rate. Among 

policies included within the fixed-effects model, only the passage of Good Samaritan laws 

had a significant effect on pediatric overdose mortality. In years when a Good Samaritan law 

is in effect, the county-level pediatric overdose rate was lower by 0.095 (−0.177, −0.013).

Discussion

Our results reiterate the increasing burden of pediatric overdoses.(11) Rates of overdose 

mortality among children under 12 have more than doubled from 1999 to the peak in 

2016, suggesting that psychoactive substances became an increasing threat to pediatric 

populations, although with slight reductions in more recent years. The proportion of 

overdoses accounted for by opioids escalated during this time, indicating that wider opioid 

use played an increasing role in U.S. child deaths during the 21st century. Yet, while opioids 

constitute a considerable proportion of fatal pediatric overdoses, by no means is this problem 

limited to opioids.

The geography of pediatric overdose mortality highlighted on the map indicates a pattern 

mostly similar to overall overdose rates, implying that comprehensive solutions should also 

attend to pediatric deaths. Perhaps surprisingly, however, the pediatric overdose rate was 

in the lower quintiles for some states hit hard by fatal overdoses such as Massachusetts 

and Rhode Island, and in the higher quintiles for some states with typically lower overall 

overdose rates such as Georgia and Arkansas.(38) The few states that do not match patterns 

for overall overdose mortality highlight the extent to which pediatric overdose deaths are 

distinct from those seen in adolescents and adults. To this end, U.S. states experiencing low 

overall overdose mortality should not be confident that pediatric overdoses are under control. 

Careful attention to preventing harm to children remains an important task throughout the 

country.

Our findings indicate that socio-demographic characteristics of counties largely do not 

have significant effects on between-county pediatric overdose mortality. This is notable 

for several reasons. Foremost, the socioeconomic resources of counties are not related 

to child overdose death rates. These findings are particularly important as prior research 

identified county-level inequality as associated with child maltreatment.(39) In other words, 

counties with higher socioeconomic profiles do not protect against pediatric overdoses, 

while counties with poorer socioeconomic profiles do not exacerbate this adverse outcome. 

Additionally, we do not find pediatric overdose mortality to be specific to rural or urban 

regions. Overall, the pediatric overdose problem is one that reaches across broad segments 

of the population.

Although county-level socioeconomic characteristics are not associated with mortality, our 

results indicate that state-level spending may differentiate pediatric overdoses across locales. 

Counties within states that on average spend more on public welfare and hospitals had 
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lower pediatric overdose mortality. These findings suggest that public programs may create 

opportunities to mitigate occurrences of overdoses as well as reduce fatalities due to greater 

hospital coverage and emergency resources within the state. Indeed, Massachusetts, despite 

a high overall overdose rate, was in the lowest quintile for pediatric overdose mortality and 

is known for its wide pediatric healthcare coverage.(40)

With respect to state policies, the implementation of Good Samaritan laws significantly 

reduced pediatric overdose mortality rates. These laws may accelerate contact with first 

responders by reducing adults’ conscious or unconscious fears of punishment should 

children experience a drug overdose, thus leading to more rapid 911 calls. This is not to 

say that adults are engaging in callous disregard for the well-being of children in states that 

do not have these laws, although this may occur, but in instances where even hesitation of 

a few brief moments may prove fatal, the presence of these laws may facilitate more rapid 

contact with first responders. Additional research is needed on this issue.

A complicating factor in pediatric overdoses is that some opioids within households are 

needed for the treatment of chronic pain, and also some pediatric exposures may occur as 

a result of a family member engaged in maintenance therapies with drug treatment.(41) 

Thus, the need to prevent pediatric exposures without disrupting patient care remains a fine 

line. Although efforts to attenuate the overdose crisis have largely focused on teenagers 

and adults, attention to overdose mortality must include efforts to reduce risks for pediatric 

populations. Steps may be taken to intervene on pediatric overdoses and improved outcomes 

are most feasibly produced through combined strategies for the prevention of medication 

overdoses.(42) In the course of clinical interactions with individuals receiving psychoactive 

medications (including children and adults), clinicians and other providers should counsel 

adults on steps that may reduce the likelihood that young children will come into contact 

with these substances. Proper prescribing for children may reduce potential exposures, 

as there are often mismatches between medical need and prescribing for children.(21) 

Take-back programs may also facilitate reduced child exposures, although research indicates 

that such programs are underutilized by parents.(43) Patients should be encouraged to 

leave medications in bottles with a “child-resistant” safety cap and to fully re-secure 

the cap after each use.(44) Unit dose packaging may also be a means of reducing the 

liabilities of unintentional ingestion by children.(45–46) Patients also should be reminded 

to store psychoactive substances in locked storage inaccessible to children, and if a lock is 

unavailable to ensure these drugs are stored in a high location inaccessible to children (keep 

it out of reach), as promoted by the “Up and Away” campaign.(47) This advice extends 

to patients in medication assisted treatment programs, as substances such as methadone 

comprise a notable proportion of pediatric overdose deaths. Harm reduction organizations 

working with people who use illicit substances should counsel clients to use similar methods 

to prevent children from accessing psychoactive drugs. Patients and clients should also be 

reminded of Good Samaritan laws, so that rapid responses may reduce the likelihood that 

an unexpected ingestion of drugs by a child turns fatal. When prescription medications 

are no longer in use, they should be disposed of rather than left in the household. Parents 

should also inform visitors to follow these house rules and to play an active role in keeping 

substances away from children in the home. For children who are old enough to understand, 

parents can also directly explain to children that substances not prescribed for them may be 
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toxic and harmful. As noted above, these approaches should be adopted across the populace, 

as no groups are immune to the risks of pediatric overdose.

Limitations

Importantly, pediatric overdoses are a rare event, which makes counts of death sensitive to 

coding errors by medical professionals assessing cause of death. Scholars have identified 

that mortality data quality for drug overdose varies across states and these may affect 

between-state estimates of overdose mortality.(48) Such coding could also account for some 

geographic differences between pediatric overdose mortality and that for the population 

at large, although such coding issues would have to be systematic at the state-level and 

confined to pediatric deaths for that to be the case. Further, we concentrate on the overall 

psychoactive drug overdose rate (inclusive of prescribed and illicit substances) rather than 

any specific substance due to this rarity. The strengths of our modeling approaches counter 

some of the problems with this issue, but caution is necessary nonetheless. We note that 

we included all psychoactive substances regardless of controlled status because CDC coding 

uses ambiguous “other/unidentified” categories when a substance cannot be identified with 

certainty. In cases where the drug can be identified with certainty, only 13 of 1127 deaths 

in our analysis are due to non-controlled substances. We also recognize the limitation in the 

number of deaths of unknown intent within the data.

Additionally, counties are imperfect measures of geographic space. While an improvement 

over state-level measures, size and number of counties vary across states. Although we 

included a large battery of county- and state-level factors as well as county fixed effects, 

we also recognize other factors may affect pediatric overdoses. This caution is particularly 

relevant for the between-effects results. However, the within-effects model is robust to 

observable or unobservable static factors. Finally, we only examine mortality, and the effects 

on non-fatal drug-related events could be different.

Conclusions

In the midst of extraordinary growth in drug overdose rates, fatal overdoses among U.S. 

children have received limited attention. Over two decades, pediatric overdose mortality 

in the U.S. more than doubled with a recent slight decline from the 2016 peak. Although 

pediatric overdoses are rare relative to those experienced by adolescents and adults, Good 

Samaritan laws potentially reduce pediatric overdose mortality and supportive state spending 

may also help to maintain a lower average rate. The geographic distribution demonstrates 

that states with low adult overdose mortality may still need to consider such approaches. 

The inability of young children to act in their own interests – unlike adolescents and adults 

who can take proactive steps to mitigate risks – means that understanding factors that temper 

overdose mortality remains particularly important to reduce the risk of pediatric overdoses.
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Appendix A: Descriptive statistics (pooled over counties and year, N = 

50,079)

Average/% (SD)

County-level Overdose Rate

 All pediatric psychoactive substance overdoses .14 (2.46)

State-level Policies

 Prescription drug monitoring program 68.62%

 Good Samaritan law for drug overdoses 9.55%

 Naloxone possession – no criminal liability 1.60%

 Medical marijuana 15.42%

 Pain management clinic law 11.16%

State-level Per Capita Expenditures ($)

 Education 1.71 (.42)

 Public Welfare 1.24 (.42)

 Hospitals .17 (.12)

 Health .15 (.08)

County-level Demographics

 Unemployment rate 4.19 (1.81)

 Median household income 41,761 (11,461)

 Percent living in poverty 11.40 (5.65)

 Percent with bachelor’s degree 13.36 (6.63)

 Percent foreign-born 4.09 (5.33)

 Percent female-headed households 6.39 (2.45)

 Percent Black 9.25 (14.35)

 Percent Hispanic 7.81 (12.86)

 Large Central Metro 2.14%

 Large Fringe Metro 11.70%

 Medium Metro 11.82%

 Small Metro 11.41%

 Micropolitan 20.45%

 Noncore 42.48%

Appendix B.: Descriptive information on all psychoactive substances 

involved in pediatric overdoses, 1999–2018.

Substance (ICD-10 code) N (%) % single substance % combination

Prescription opioid (T40.2) 427 (37.9%) 82.2% 17.8%

Methadone (T40.3) 247 (21.9%) 91.1% 8.9%

Synthetic opioid (T40.4) 128 (11.4%) 78.1% 21.9%

Psychostimulants (T43.6) 95 (8.4%) 86.3% 13.7%

Cocaine (T40.5) 77 (6.8%) 75.3% 24.7%
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Substance (ICD-10 code) N (%) % single substance % combination

Antidepressants (T43.0, T43.2) 75 (6.7%) 69.3% 30.7%

Benzodiazepines (T42.4) 56 (5.0%) 26.8% 73.2%

Unidentified narcotic (T40.6) 50 (4.4%) 64.0% 36.0%

Other sedatives (T42.6, T42.7, T42.8) 39 (3.5%) 66.7% 33.3%

Antipsychotics (T43.3, T43.5) 38 (3.4%) 60.5% 39.5%

Heroin (T40.1) 23 (2.0%) 39.1% 60.9%

Barbiturates (T42.3) 12 (1.1%) 75.0% 25.0%

Note: Percentage of deaths do not add to 100 because multiple psychoactive substances can be involved in a single death. 
There is no overlap for substances classified within different categories.
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Impact Statement

Pediatric fatalities from psychoactive substances have risen within the U.S. since 1999.

Higher levels of state spending on public welfare and hospitals are significantly 

associated with lower pediatric overdose mortality rates.

The implementation of Good Samaritan laws is significantly associated with lower 

pediatric overdose mortality rates

We identified no county-level sociodemographic factors associated with pediatric 

overdose mortality.

The findings indicate a multi-faceted approach to the reduction of pediatric overdose is 

necessary.
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Figure 1: 
Pediatric overdose mortality rate and percentage involving opioids
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Figure 2: 
Coded cause of overdose deaths by age, 1999–2018
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Figure 3: 
Pediatric drug overdose rate averaged over annual rates 1999 to 2018 by state

Note: Due to CDC restrictions on the reporting of rare outcomes in our agreement for 

restricted data access, specifically prohibition on the report of death rates based on counts of 

nine or fewer, numerical values of quintile boundaries are not displayed. The plus (+) and 

minus (−) indicate an increase or decrease, respectively, of 5 percent or more in the five-year 

average in the start (1999–2003) and end (2014–2018) of our observation period.
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Table 1:

Between-county models identifying associations of social contexts with county-level pediatric overdose 

mortality rate

B (95% CI)

Metropolitan Status (Ref. Large Central)

 Large fringe metro −.096 (−.273, .080)

 Medium Metro −.111 (−.284, .063)

 Small Metro −.092 (−.268, .083)

 Micropolitan (nonmetro) −.065 (−.238, .108)

 Noncore −.125 (−.300, .049)

Unemployment rate 0.013 (−.007, .034)

Median household income −.003 (−.007, .002)

Poverty rate .003 (−.006, .012)

Bachelor’s degree .001 (−.004, .007)

Foreign born −.001 (−.008, .006)

Female-headed households .004 (−.015, .024)

Black .001 (−.002, .003)

Hispanic −.001 (−.004, .001)

State education expenditures .078 (−.002, .157)

State public welfare expenditures −.099 (−.193, −.005)*

State hospital expenditures −.222 (−.437, −.007)*

State health expenditures .193 (−.208, .594)

Constant .227 (−.071, .524)

Counties, observations 3140, 50079

*
p<0.05,

**
p<0.01,

***
p<0.001
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Table 2:

Fixed-effects models predicting county-level pediatric overdose mortality rate

County contexts B (95% CI)

Unemployment rate −0.027 (−.058, .003)

Median household income 0.007 (−.005, .018)

Poverty rate 0.017 (−.002, .036)

Bachelor’s degree 0.000 (−.007, .007)

Foreign born −0.012 (−.037, .013)

Female-headed households −0.037 (−.064, −.010)**

Black 0.021 (−.005, .048)

Hispanic −0.023 (−.064, .018)

State education expenditures .059 (−.093, .210)

State public welfare expenditures 0.070 (−.093, .234)

State hospital expenditures −0.098 (−.415, .218)

State health expenditures 0.035 (−.445, .515)

Policies

Prescription Drug Monitoring Program 0.010 (−.064, .085)

Naloxone access 0.018 (−.121, .157)

Good Samaritan law −0.095 (−.177, −.013)*

Pain clinic maximum prescription law 0.074 (−.025, .174)

Medical marijuana 0.011 (−.103, .125)

Constant −0.141 (−.478, .196)

Counties, observations 3140, 50079

*
p<0.05,

**
p<0.01,

***
p<0.001

Note: Within-model also includes fixed effects for county. Model includes a state cluster correction for standard errors.
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