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ABSTRACT This arti cle doc u ments child sui cide rates from 1980 to 2020 in the United 
States using the National Vital Statistics System Multiple Cause of Death data base. 
After gen er ally declin ing for decades, sui cide rates among chil dren aged 10–17 accel
er ated from 2011 to 2018 in an unprec e dented rise in both dura tion and mag ni tude. I 
con sider the role of the illicit opi oid cri sis in driv ing this men tal health cri sis. In August 
2010, an abusedeter rent ver sion of OxyContin was intro duced and the orig i nal for mu
la tion was removed from the mar ket, lead ing to a shift to illicit opi oids and stim u lat ing 
growth in illicit opi oid mar kets. Areas more exposed to reformulation—as mea sured 
by prereformulation rates of OxyContin mis use in the National Survey on Drug Use 
and Health—were more affected by the tran si tion to illicit opi oids and expe ri enced 
sharper growth in child sui cide rates. The evi dence sug gests that chil dren’s illicit opi oid 
use did not increase, imply ing that the illicit opi oid cri sis engen dered higher sui cide 
pro pen si ties by increas ing sui cidal risk fac tors for chil dren, such as increas ing rates of 
child neglect and alter ing house hold liv ing arrange ments. In com ple men tary ana ly ses, 
I doc u ment how liv ing con di tions declined for chil dren dur ing this time period.

KEYWORDS Suicide rates • Mental health cri sis • Illicit opi oid cri sis • OxyContin 
reformulation

Introduction

Suicide is the 10th lead ing cause of death in the United States (Hedegaard et al. 2021), 
and annual sui cide rates grew con tin u ously between 2005 and 2018 (National Insti
tute of Mental Health 2023). Among chil dren aged 10–17, sui cide was the sec ond 
lead ing cause of death in 2020.1 Reducing sui cide attempts and deaths among ado
les cents were national pol icy pri or i ties even before the growth over the past decade 
(National Center for Health Statistics 2012). Citing the rise in child sui cide rates, the 
Amer i can Academy of Pediatrics, the Amer i can Academy of Child and Adolescent 
Psychiatry, and the Children’s Hospital Association declared a national state of emer
gency in chil dren’s men tal health in 2021 (Amer i can Academy of Pediatrics et al. 2021). 

1 Author’s cal cu la tion using data from https:  /  /wonder  .cdc  .gov  /ucd  icd10  .html.
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2 D. Powell

Although mul ti ple stud ies have documented sui cide rates for var i ous youn ger age 
groups (e.g., Bridge et al. 2015; Bridge et al. 2018; Burstein et al. 2019; Curtin 2020; 
Hill et al. 2021; Marcotte and Hansen forthcoming; Price and Khubchandani 2022; 
Ruch et al. 2021; Ruch et al. 2019; Sheftall et al. 2016; Spiller et al. 2019), lit tle 
work has rec og nized or stud ied the unprec e dented and unin ter rupted rise in child sui
cide rates begin ning in 2011. This arti cle doc u ments child sui cide rates in the United 
States from 1980 to 2020—plac ing the cur rent inci dence of sui cides among chil dren 
in his tor i cal con text—and then exam ines their rela tion ship with the opi oid cri sis.

The opi oid cri sis is itself a national emer gency. In 2021, more than 100,000 
 Amer i cans died by over dose, most involv ing opi oids (Spencer et al. 2022). The opi
oid cri sis has evolved over time (Ciccarone 2019): pre scrip tion opi oids dom i nated 
the first wave (Kolodny et al. 2015), followed by a tran si tion to a higher prev a lence 
of her oin over doses in the sec ond (Mars et al. 2014), and then wide spread use of 
fentanyl in the third (Reuter, Pardo and Taylor 2021).2 This arti cle explores the inde
pen dent effects of the illicit opi oid cri sis rel a tive to the first wave. The illicit opi oid 
cri sis is asso ci ated with use of ille gal and more potent opi oids, suggesting that it may 
induce more harm ful con se quences than the first wave. To date, there is lit tle evi
dence that the opi oid cri sis is linked to the rise in child sui cide rates.3

Little is known about why child sui cide rates have increased so sharply in recent 
years, representing a major gap in our knowl edge of a crit i cal and devel op ing men tal 
health cri sis. Existing research on the recent rise in child sui cide rates has con sid ered 
asso ci a tions of time on social media with men tal health issues among ado les cents 
(Twenge et al. 2018), the pos si ble role of anti de pres sant warn ings (Lu et al. 2020), 
and other cor re lates (Liu et al. 2022).

More gen er ally, it is dif fi cult to char ac ter ize the deter mi nants of child sui cide 
or sui cide ide a tion (Molina and Duarte 2006). The lit er a ture on youth sui cide risk 
fac tors con sid ers the role of fam ily and per sonal rela tion ships as well as more gen
eral envi ron men tal fac tors. “Connectedness” is an impor tant pro tec tor against sui
cidal behav iors among ado les cents (Borowsky et al. 2001; Maimon and Kuhl 2008; 
Mueller and Abrutyn 2016; Whitlock et al. 2014). Research has high lighted the role 
of famil ial sup port in deter ring sui cidal behav ior, such as paren tal absence (Fu et al. 
2017; Garnefski and Diekstra 1997; Liu et al. 2022; Morano et al. 1993) and fam ily 
sta bil ity (Adam et al. 1982; Cutler et al. 2001). CohenSandler et al. (1982) found 
that dis rup tive fam ily events lead ing to loss or sep a ra tion are asso ci ated with sui
cidal behav ior in chil dren. Notably, paren tal death is linked to child sui cide (Burrell 
et al. 2018; Hiyoshi et al. 2022; Niederkrotenthaler et al. 2012), suggesting one pos
si ble role for the opi oid cri sis. In addi tion, paren tal sub stance use has been asso ci
ated with behav ioral and social prob lems among chil dren (Smith et al. 2016), higher 
rates of involve ment by child pro tec tive ser vices, and lower rates of reunification 
(Akin et al. 2015).4 Abuse and neglect (Angelakis et al. 2020; Brodsky and Stanley 
2008; Palmer et al. 2021; Stickley et al. 2020) and adverse child hood expe ri ences 

2 The opi oid cri sis is now thought to have entered a “fourth wave,” defined by polysubstance use  
(Ciccarone 2021; Friedman and Shover 2022).
3 Fernandez and Jayawardhana (2022) found that pol i cies that reg u late pain man age ment clin ics reduce 
over all sui cide rates.
4 Exposure to paren tal sub stance mis use and incar cer a tion has been asso ci ated with all cause mor tal ity in 
lon gi tu di nal cohort stud ies (Beardslee et al. 1986; Jackisch et al. 2019).
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3Child Suicide Rates During the Illicit Opioid Crisis

(Baiden et al. 2017; Miller et al. 2013) have been strongly linked to youth sui cide. 
Suicide rates among chil dren in fos ter care are extremely high (Brown 2020; Evans 
et al. 2017).

Related to the impor tance of con nect ed ness, bul ly ing has been asso ci ated with 
youth sui cide for both the vic tim and per pe tra tor (Holt et al. 2015), and antibul ly ing 
laws have been found to reduce teen age sui cide rates (Rees et al. 2022). Related 
research has shown that sui cide rates coin cide with the tim ing of the school year 
(Hansen and Lang 2011; Hansen et al. 2022), con sis tent with a role for bul ly ing. 
Similarly, Nikolaou (2017) found evi dence of a rela tion ship between cyberbullying 
vic tim i za tion and youth sui cide.

More gen eral envi ron men tal and eco nomic fac tors have also been linked to child 
sui cide rates (Evans et al. 2005).5 Poverty rates are strong pre dic tors of child sui cide 
attempts and deaths (Bernburg et al. 2009; Dupéré et al. 2009; Hoffmann et al. 2020), 
and food inse cu rity is a sui cide risk fac tor for ado les cents (Alaimo et al. 2002; Brown 
et al. 2022; Koyanagi et al. 2019; McIntyre et al. 2013). Perceived neigh bor hood 
safety has been linked to ado les cent dis tress (GoldmanMellor et al. 2016) and sui
cide attempts (Allen and GoldmanMellor 2018).6

Many of these risk fac tors have been affected by the opi oid cri sis, which has dis
rupted house hold and com mu nity life beyond just those misusing opi oids (Maclean 
et al. 2022).7 The illicit opi oid cri sis, in par tic u lar, has led to major changes in many 
of the afore men tioned con di tions. This arti cle focuses on the tran si tion of the opi oid 
cri sis from the first wave to the illicit opi oid cri sis, as the lit er a ture has found that this 
shift induced a mul ti tude of social harms.

Prior research has shown that the intro duc tion of an abusedeter rent ver sion of 
OxyContin and the removal of the orig i nal for mu la tion in August 2010 spurred an 
increase in over doses involv ing her oin and syn thetic opi oids (e.g., fentanyl) (Alpert 
et al. 2018; Evans et al. 2019; Powell and Pacula 2021). Before this reformulation, 
OxyContin was the most abused pre scrip tion opi oid (Cicero et al. 2005) because of 
aggres sive mar ket ing prac tices by Purdue Pharma (Alpert et al. 2022; Kolodny et al. 
2015). Reformulation made it more dif fi cult to mis use OxyContin, and as access to 
abus able pre scrip tion opi oids decreased, many indi vid u als switched to illicit drugs 
(Cicero et al. 2012; Coplan et al. 2013). In response, illicit opi oid mar kets expanded, 
rates of polysubstance over doses rose, and over dose rates increased (Powell and  
Pacula 2021; Powell et al. forth com ing).

Although ado les cents did not increase their use of illicit opi oids because of refor
mulation (DiNardi 2021),8 they were neg a tively affected by the broader con se quences  

5 There is also work suggesting that rel a tive cohort size pre dicts sui cide rates because of increased com pe
ti tion for scarce resources (Freeman 1998; Holinger and Offer 1982; Mathur and Freeman 2002).
6 This line of research sug gests that per ceived safety has more pre dic tive power than offi cial crime rates.
7 There is research discussing asso ci a tions between the geo graphic inten sity of the opi oid cri sis (not the 
illicit opi oid cri sis spe cifi  cally) and child out comes. Bullinger and Ward (2021) found that areas more 
exposed to the opi oid cri sis expe ri enced faster increases in fos ter care entry, while Chapman (2022) doc
umented a strong asso ci a tion with child mal treat ment. Ghertner et al. (2018), Quast (2018), and Quast 
et al. (2018) observed sim i lar asso ci a tions with child mal treat ment and home remov als, while Gihleb et al. 
(2022) esti mated that the implementation of man da tory access pre scrip tion drug pro grams—which limit 
opi oid access and overprescribing—reduced home remov als.
8 DiNardi (2021) constructed her oin rates using the National Survey of Drug Use and Health (NSDUH), 
discussed more below. While the NSDUH pro vi des cred i ble and widely used rates of sub stance use, the 
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4 D. Powell

of the illicit opi oid cri sis. Most rel e vant to this arti cle, reformulation trig gered increased 
rates of child neglect (Evans et al. 2022), a strong pre dic tor of youth sui cide and indic a
tive of dete ri o rat ing con di tions for chil dren. Evans et al. (2022) found that states more 
affected by reformulation expe ri enced faster growth in rates of child phys i cal abuse 
and neglect starting in 2011. MackenzieLiu (2021) and Dallman (2020) esti mated 
that states more affected by reformulation expe ri enced sharper increases in fos ter 
care admis sions. Children in fos ter care suf fer high sui cide rates (Brown 2020; Evans  
et al. 2017).

Although it has not been directly stud ied, the rise in over dose deaths due to refor
mulation likely increased rates of paren tal loss and changes in child liv ing arrange
ments. The lit er a ture shows that reformulation induced a rise in crim i nal behav ior 
(Chen et al. 2022; Mallatt 2022; Park 2021). Notably, opi oid use in recent years has 
been strongly asso ci ated with incar cer a tion (Winkelman et al. 2018), and paren tal 
loss and incar cer a tion have been strongly asso ci ated with youth sui cidal behav ior 
(Burrell et al. 2018; Hiyoshi et al. 2022; Niederkrotenthaler et al. 2012).

Reformulation also had an impact on envi ron men tal fac tors. The shift to illicit 
opi oids increased rates of infec tious dis eases (Beheshti 2019; Powell et al. 2019) 
and food inse cu rity (Heflin and Sun 2022) while prompting a decline in work capac
ity, house hold income, and health insur ance rates (Cho et al. 2021; Park and Powell 
2021). Food inse cu rity and neigh bor hood pov erty rates have been asso ci ated with 
higher child sui cide pro pen si ties (Alaimo et al. 2002; Brown et al. 2022; Koyanagi 
et al. 2019; McIntyre et al. 2013), while the rise in crim i nal behav ior may have dimin
ished the per cep tion of safety, fur ther height en ing sui cide risk.

In this arti cle, I doc u ment child sui cide rates from 1980 to 2020 to study recent 
growth in sui cides and the rel a tive mag ni tudes com pared with his tor i cal rates, and 
con sider the role of the opi oid cri sis and its tran si tion to illicit opi oids in explaining 
this unprec e dented rise. I com pare changes in sui cide rates in areas more exposed to 
the shift to illicit opi oids with growth in less exposed areas. Although the illicit opi oid 
cri sis has had an impact on the entire coun try, some areas have been more affected than 
oth ers because of higher prereformulation rates of OxyContin mis use. I lever age this 
geo graphic var i a tion in expo sure to study how child sui cide rates responded. These 
results reflect addi tional sui cides rel a tive to the first wave of the opi oid cri sis.9

I also eval u ate pos si ble inter me di ate mech a nisms by exam in ing which con di tions 
wors ened for chil dren nation ally dur ing this period, focus ing on fac tors that the lit
er a ture has suggested were affected by reformulation. The illicit opi oid cri sis has 
altered life in numer ous ways, and it is dif fi cult to iso late spe cific path ways affect ing 
sui cide rates. Instead, this arti cle tests whether there is a foun da tional rela tion ship 
between two ongo ing cri ses that are gen er ally con sid ered inde pen dent, while also 
discussing pos si ble inter me di ate mech a nisms.

Many sui cidal risk fac tors for chil dren have dif fer ent asso ci a tions by sex, 
age, race, and eth nic ity (Brent et al. 1999; Garnefski and Diekstra 1997; Opara 

her oin use rates spe cifi  cally have been questioned (Midgette et al. 2019; Reuter, Caulkins and Midgette 
2021). In the fol low ing, I will exam ine over dose death rates among chil dren as a cor re late for use.
9 Although the first wave of the opi oid cri sis may itself have affected child sui cide rates, this arti cle does 
not speak to this rela tion ship. It only establishes changes in child sui cide rates due to the tran si tion to the 
illicit opi oid cri sis.
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5Child Suicide Rates During the Illicit Opioid Crisis

et al. 2020), suggesting the impor tance of study ing het ero ge neous effects among  
demo graphic groups. For exam ple, reformulation increased reported rates of child 
neglect; if the asso ci a tion between neglect and sui cide varies by demo graphic group, 
then we might expect the effects of reformulation to vary as well. Additionally, the 
opi oid cri sis has had a dis pro por tion ate impact on cer tain demo graphic groups and 
these trends have changed con sid er ably in recent years (see Cano 2021; Friedman 
et al. 2022; Friedman and Hansen 2022; Gibbons et al. 2023; Hedegaard et al. 2022; 
Om 2018; Rudd et al. 2016; Townsend et al. 2022). The rea sons behind these recent 
demo graphic shifts are gen er ally unex plained. Given the uncer tainty of the rea sons 
driv ing the recent dif fer en tial growth in over dose deaths across demo graphic groups, 
we may expect that the asso ci a tion with child sui cide rates might also vary.

This arti cle explores a poten tial crit i cal mech a nism for the sur pris ing and adverse 
upturn in child sui cides. Moreover, it speaks to the broader impact of the opi oid cri sis 
for under stand ing the effects of the cri sis on chil dren (Winstanley and Stover 2019).

Data Sources

Overdose and Suicide Mortality Rates

My pri mary data source is the National Vital Statistics System (NVSS) Multiple 
Cause of Death data base, the cen sus of deaths in the United States, which I use to 
con struct the uni verse of annual deaths by sui cide and over dose from 1980 to 2020. 
I use restricted, geocoded data to access state iden ti fi ers and cat e go rize deaths on 
the basis of state of res i dence. The 1980–1998 data use ICD9 codes to clas sify 
under ly ing causes of deaths, whereas the 1999–2020 data use ICD10 codes; how
ever, this switch had lit tle effect on the clas si fi ca tion of sui cide deaths (Anderson 
et al. 2001). Because it is dif fi cult to estab lish intent at youn ger ages, I focus on 
ages 10–17 (CrepeauHobson 2010). Death by “inten tional selfharm” is cat e go
rized in the NVSS as E950–E959 with ICD9 codes and X60–X84 and Y87.0 with 
ICD10 codes. I code deaths as drug poi son ings (“over doses”) using ICD9 codes  
E850–E858, E950.0–E950.5, E962.0, and E980.0–E980.5 and ICD10 exter nal cause 
of injury codes X40–X44, X60–X64, X85, and Y10–Y14. ICD10 codes T40.1 and 
T40.4 des ig nate her oin and syn thetic opi oid deaths, respec tively.

The NVSS includes infor ma tion on age and sex. “Bridged” race des ig na tions pro
vided by the NVSS can be con sis tently cat e go rized into four groups: Amer i can Indian 
and Alaska Native (AI/AN), Asian Amer i can and Pacific Islander (AAPI), Black, and 
White. I scale deaths by pop u la tion size for the rel e vant demo graphic group using 
data from the Surveillance, Epidemiology, and End Results (SEER) pro gram.

Differential Exposure to Reformulation

To mea sure non med i cal use (mis use) of OxyContin and pain reliev ers, I use aggre
gated, statelevel data from the National Survey on Drug Use and Health (NSDUH), 
a nation ally rep re sen ta tive house hold sur vey of indi vid u als aged 12 or older. NSDUH 
is the coun try’s larg est sur vey on sub stance use, includ ing selfreported “non med i cal 
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6 D. Powell

OxyContin use” and “non med i cal pain reliever use” within the past year. Nonmedical 
use is defined as use by indi vid u als who were not those orig i nally pre scribed the med
i ca tion or who used it “only for the expe ri ence or feel ing it caused.”

The NSDUH began ask ing about non med i cal OxyContin use in 2004. To reduce 
mea sure ment error con cerns, I aggre gate 2004–2009 data as the mea sure of expo sure 
to OxyContin reformulation. The NSDUH has two impor tant advan tages for this anal
y sis. First, it specifies OxyContin. Second, it specifies non med i cal use—the rel e vant 
dimen sion given that reformulation did not affect med i cal use of OxyContin. Although  
selfreported,10 non med i cal use has been val i dated as pre dic tive of major shifts in 
the opi oid cri sis and cor re lated with admin is tra tive mea sures of prereformulation 
OxyContin sup ply and pre scrib ing (Alpert et al. 2018; Powell and Pacula 2021). 
Measurement error would atten u ate the results. If peo ple were misreporting which 
sub stance they were misusing, I would instead observe a rela tion ship between non
med i cal pain reliever use and sui cide rates, but I do not.

Figure 1 shows the geog ra phy of the non med i cal OxyContin use var i able. To illus
trate the geo graphic var i a tion, I cal cu late the aver age non med i cal OxyContin use 
rate for each state’s neigh bors and then regress (exclud ing Hawaii and Alaska) each 
state’s rate on this aver age rate. The esti mate is neg a tive, imply ing con sid er able var
i a tion even among neigh bor ing states.

States likely do not prop erly reflect local drug mar kets, and this unit of anal y sis is 
pri mar ily cho sen for data avail abil ity rea sons. The use of states—instead of  sub state 

10 NSDUH uses tech niques designed to elicit accu rate and hon est answers from respon dents. These  
meth ods—such as show ing pic tures of OxyContin—reduce con cerns that the “OxyContin mis use” mea
sure reflects mis use of other opi oids. NSDUH pro vi des respon dents with a highly pri vate and con fi den tial 
method for responding to ques tions to increase hon est reporting.

0.80  1.15%
0.65  0.79%
0.50  0.64%
0.26  0.49%

Fig. 1 Geographic variation in rate of OxyContin misuse, 2004–2009. Source: 2004–2009 National Survey 
of Drug Use and Health.
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7Child Suicide Rates During the Illicit Opioid Crisis

areas—may reduce power but should not mean ing fully bias the anal y sis. More gran
u lar units would pro vide addi tional var i a tion to exploit, but the lit er a ture has not 
found power to be an issue with statelevel ana ly ses. Purdue Pharma’s early mar ket
ing strat e gies were often based on statelevel pol i cies, lead ing to large and endur ing 
dif fer ences in mis use rates across states (Alpert et al. 2022).

The pub lic NSDUH suppresses rates that are fur ther strat i fied by other char ac ter is
tics, such as race. For the same rea sons that these rates are suppressed, demo graphic
spe cific rates in the restricted data would likely be too noisy to be use ful. The lit er a ture 
has gen er ally suggested that the non med i cal OxyContin use var i able prox ies for the 
broader effects of the tran si tion to illicit opi oid mar kets, so more targeted mea sures 
would miss some of these effects.

Additional Predictors

I use non med i cal pain reliever use as an addi tional expo sure var i able to ver ify the sta
bil ity of the results to other fac tors cor re lated with opi oid mis use. Prereformulation 
rates of OxyContin mis use may pre dict adop tion of spe cific pol i cies, changes in under
ly ing eco nomic con di tions, or other fac tors fore cast ing sec u lar growth in child sui cide 
rates. These fac tors would likely be related to the more gen eral rate of non med i cal use 
of pain reliev ers. Accounting for the inde pen dent effects of non med i cal pain reliever 
use over time helps iso late out come growth unique to OxyContin and reformulation. 
The non med i cal pain reliever use var i able may also be mismeasured, but it should be 
less prone to mea sure ment error con cerns than the OxyContin mis use var i able, suggest
ing that unob served con found ers should load onto the broader mis use var i able rather 
than the OxyContin mis use var i able.11

In addi tion, I con trol for statelevel demo graphic shares—White and Black— 
constructed using the SEER data. I also con trol for the state min i mum wage (expressed 
in 2020 dol lars) given evi dence that adult sui cide rates respond to the min i mum wage 
(Dow et al. 2020; Gertner et al. 2019; Kaufman et al. 2020) such that we might expect 
child sui cide rates to respond as well.12 Furthermore, I include an indi ca tor for whether 
a state had a Prescription Drug Monitoring Program (PDMP) and a sep a rate indi ca tor 
for hav ing a “man da tory access” PDMP (Horwitz et al. 2021) given that the lit er a ture 
has found this dimen sion spe cifi  cally to have dis pro por tion ate effects on pre scrib ing 
behav ior (Alpert et al. forth com ing; Buchmueller and Carey 2018). Finally, I include an 
indi ca tor for whether the state had an antibul ly ing pol icy (Rees et al. 2022).

Methods

I exploit var i a tion in states’ dif fer en tial expo sure to the reformulation of  OxyContin  
due to dif fer ences in their ini tial prev a lence of OxyContin mis use. The main out come 

11 The ques tion naire involves sur vey ing respon dents about a large set of spe cific pain reliev ers. These drugs are 
listed (and pic tures are often pro vided) for the respon dent. If respon dents are mis taken about which pain reliever 
they misused, it will not affect the pain reliever mis use var i able, suggesting less scope for mea sure ment error.
12 I use the min i mum wage infor ma tion from University of Kentucky Center for Poverty Research (2022) 
to con struct this var i able.
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8 D. Powell

is sui cide deaths per 100,000 chil dren, but I also show results for sui cides exclud
ing over doses. I exam ine whether states with higher rates of OxyContin mis use 
before reformulation expe ri enced larger changes in sui cides rates by esti mat ing 
the spec i fi ca tion

  Ygsrt = αgs + γgrt +Xst′ ββ + δt ×OxyRatesPre + εgsrt ,  (1)

where Ygsrt is the num ber of sui cide deaths per 100,000 chil dren (aged 10–17) in 
state s and cen sus region r at year t for group g. “Groups” are defined by the inter ac
tion of race (AI/AN, AAPI, Black, White), age, and sex. OxyRatesPre is the fixed rate 
of OxyContin mis use in state s in the prereformulation (2004–2009) period and is 
interacted with a full set of year indi ca tors (as denoted by the t sub script on the coef
fi cient). I con trol for state–group fixed effects αgs to account for fixed crosssec tional 
dif fer ences across states and allow these dif fer ences to vary by the inter ac tion of 
race, age, and sex. I also include year fixed effects γgrt to account for national trends, 
changes in fed eral pol i cies, and other com mon fac tors. These effects are per mit ted to 
vary by race, age, and sex. The time fixed effects also vary by cen sus region, given 
that the opi oid cri sis affected regions of the coun try dif fer en tially (Abouk et al. 2021; 
O’Donnell et al. 2017). Xst rep re sents a vec tor of pre dic tors, discussed above.

A tra di tional dif fer enceindif fer ences design accounts for state and year fixed 
effects. Given the rich ness of the demo graphic infor ma tion in the data, I inter act 
these fixed effects to flex i bly account for chang ing demo graph ics. The fixed effects 
nonparametrically account for dif fer ences gen er ated from changes in demo graph ics 
over time and dif fer ences due to preexisting var i a tion in demo graph ics. The state 
fixed effects (interacted with demo graphic group indi ca tors) nonparametrically 
account for the inde pen dent rela tion ship between non med i cal OxyContin use and 
child sui cide rates.

The main var i ables of inter est are the full set of δt  esti ma tes, which I pres ent 
graph i cally, nor mal iz ing the 2009 coef fi cient to zero. These δt esti ma tes iden tify 
changes in the dif fer ences in sui cide rates across states with higher and lower ini tial 
rates of OxyContin mis use in each year, rel a tive to the 2009 dif fer ence. The assump
tion is that in the absence of the reformulation, states with dif fer ent OxyContin mis
use rates would have con tin ued along the same trends. This con di tion can be par tially 
assessed by study ing pre treat ment esti ma tes. I also esti mate Eq. (1) for over dose 
death rates to test whether child mor tal ity appears to have been directly affected by 
the shift to illicit opi oids.

I sum ma rize the sui cide find ings by esti mat ing one “post” param e ter for 2011–
2020 rel a tive to 2006–2009 using

Ygsrt = αgs + γ grt +Xst′′ ββ + δ ×OxyRatesPre ×1(Year > 2010)

 +θ× PainRelieverRatesPre ×1(Year > 2010)+ εgsrt.  (2)

Results from this spec i fi ca tion are shown with and with out the PainRelieverRatesPre 
var i able. This var i able is the prereformulation (2004–2009) rate of non med i cal pain 
reliever use, exclud ing OxyContin. Including this var i able helps δ to iso late changes 
in sui cide rates that are unique to prereformulation OxyContin mis use and not cor re
lated with opi oid mis use more gen er ally.
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9Child Suicide Rates During the Illicit Opioid Crisis

The non med i cal OxyContin use var i able does not vary within states. The hypoth
e sis is that chil dren in states more affected by reformulation expe ri enced sharper 
growth in sui cide rates because of dete ri o rat ing social and famil ial con di tions. Mis
use rates spe cific to chil dren would not be use ful for this anal y sis. All regres sions 
are pop u la tionweighted, and I use robust var i ance esti ma tion account ing for state
level clus ter ing.

Results

Sample Description

I observe 48,063 deaths des ig nated as sui cides for the 10–17 pop u la tion from 1980 
to 2020. Comparing states with belowmedian prereformulation OxyContin mis use 
rates to abovemedian states in Table 1, I do not observe preexisting dif fer ences (for 
2004–2009) in child sui cide rates. There are some dif fer ences in demo graph ics and 
over dose rates for this pop u la tion, moti vat ing the use of meth ods that account for ini
tial dif fer ences. There is lit tle evi dence of any preexisting dif fer ences in pol i cies or 
eco nomic con di tions.

Given that reformulation occurred near the begin ning of the Great Recession, I 
exam ine changes in four eco nomic met rics between 2007 and 2009. First, I study 
the employ menttopop u la tion ratio using data from the U.S. Bureau of Labor Sta
tistics’ Local Area Unemployment Statistics. Second, I exam ine the over all pov
erty rate using data from the U.S. Census Bureau Small Area Income and Poverty 
Estimates. Third, I study child food inse cu rity rates by aggre gat ing data from the 
Current Population Survey (CPS) annual Food Security Supplements, col lected from 
IPUMS (Flood et al. 2022).13 Fourth, I exam ine the state hous ing price index, which 
is indexed to 100 in each state in the first quar ter of 1991, using data from the Federal 
Housing Finance Agency.14 For all  four out comes, there is lit tle evi dence that states 
with high OxyContin mis use were dis pro por tion ately exposed to the effects of the 
Great Recession.

Overall Suicide and Overdose Rate Trends

Figure 2 pro vi des sui cide and over dose rates for those aged 10–17 for 1980 to 2020. 
Prior to reformulation, sui cides for this age group peaked at 4.66 per 100,000 in 1988. 
From 1988 to 2010, the sui cide rate declined by 36%. The decline in 2010 was fol
lowed by eight con sec u tive years of increases—resulting in an 83% increase in child 
sui cide rates. The dura tion of this growth and the over all mag ni tude of the increase 
were unprec e dented when placed in his tor i cal con text. In 2019 and 2020, there were 
mod est declines in the sui cide rate, but it remained above its prereformulation peak.

13 I use the house holdlevel var i ables on whether there is low or very low food secu rity among chil dren 
in the house hold.
14 I include hous ing prices given the impor tance of the hous ing mar ket to the Great Recession.
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10 D. Powell

Figure 2 also includes the trend for sui cides but exclud ing those jointly des ig nated 
as over doses. Overdoses are rel a tively uncom mon for this age group, so this does not 
appear to be a fun da men tal mech a nism explaining the increase in sui cides. Figure 2 
fur ther shows that over dose death rates did not gen er ally increase for this pop u la tion 
until 2020. The 2020 increase in over dose deaths is con sis tent with broader increases in 
over dose rates dur ing the COVID19 pan demic (Imtiaz et al. 2021). These trends are not 

Table 1 State char ac ter is tics at base line (2004–2009)

Below Median Above Median Difference p Value

Deaths (per 100,000), Ages 10–17
 Suicides 2.707 3.228 0.520 .167
 Overdoses 0.775 1.176 0.401 .001
 Heroin over doses 0.053 0.027 −0.027 .181
 Natural/semi syn thetic opi oid over doses 0.175 0.352 0.177 <.001
 Synthetic opi oid over doses 0.039 0.068 0.029 .055
Demographics, Ages 10–17
 % Black 18.49 12.87 −5.62 .098
 % White 74.46 81.90 7.44 .005
 % Amer i can Indian/Alaska Native 1.44 2.25 0.82 .301
 % Asian Amer i can/Pacific Islander 5.61 2.97 −2.64 .090
 % male 51.25 51.33 0.08 .001
 % ages 10–12 36.58 36.44 −0.14 .391
 % ages 13–15 37.83 37.79 −0.04 .467
 % ages 16–17 25.59 25.78 −0.19 .133
 State pop u la tion size (ages 10–17) 5,763,358 2,316,514 −3,446,844 .008
Economic Conditions (full pop u la tion)
 Employmenttopop u la tion ratio 62.13 62.19 0.07 .942
 Poverty rate (%) 13.50 12.92 −0.58 .438
 Child food inse cu rity rate (%) 11.45 10.69 −0.76 .370
 Housing price index 206.15 219.60 13.45 .266
 Ch ange in employ menttopop u la tion ratio 

(2007 to 2009) −3.537 −4.004 −0.467 .391
 Change in pov erty rate (2007 to 2009) 1.32 1.49 0.17 .635
 Ch ange in child food inse cu rity rate  

(2007 to 2009) 3.61 1.66 −1.95 .180
 Ch ange in hous ing price index (2007 to 

2009) −32.97 −37.25 −4.28 .817
Policies
  Prescription drug mon i tor ing pro grams (%)a 13.93 14.77 0.86 .922
 Antibul ly ing laws (%)a 27.40 34.89 7.48 .651
 Minimum wage (in 2020 $) 7.90 7.95 0.05 .889
Pain Reliever Misuse (per 100), Ages 12+
 Nonmedical OxyContin use (%) 0.475 0.865 0.402 <.001
  No nmedical pain reliever use, exclud ing 

OxyContin (%) 3.921 4.579 0.496 .059

Notes: Belowmedian states are those with 2004–2009 OxyContin mis use rates below the median, and 
abovemedian states have rates above the median. The “Difference” col umn is the “Above Median” rate 
minus the “Below Median” rate. PDMPs with man da tory access are not included because no states had 
man da tory access require ments dur ing 2004–2009. The hous ing price index is nor mal ized to 100 in each 
state for the first quar ter of 1991.
a Percentage of the pop u la tion in 2004–2009 in states with these pol i cies.
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11Child Suicide Rates During the Illicit Opioid Crisis

sen si tive to includ ing sui cides and over dose deaths among chil dren aged 0–9 (see Figure 
A1, shown in the online appen dix, along with all  other fig ures des ig nated with an “A”).

There is some evi dence that the upturn in child sui cide rates began prior to refor
mulation, though it is dif fi cult to draw con clu sions from just two years of increas ing 
rates, which were then interrupted by a decline. The dif fer enceindif fer ences ana ly
ses below iso late the role of reformulation beyond other nation wide fac tors affect ing 
child sui cide rates. For the remain der of the anal y sis, I focus on 1999–2020, the years 
in which the NVSS reports ICD10 codes.

Demographic-Specific Suicide Rate Trends

In Figure 3, I pres ent child sui cide rates for dif fer ent demo graphic groups given that 
over dose trends have var ied sub stan tially across groups dur ing this period (Friedman 
et al. 2022). Suicide rates increased for both males and females after reformulation 
(Figure 3, panel a). White chil dren expe ri enced the starkest increases imme di ately 
after reformulation, but increases occurred across all  racial groups (panel b).

The increase in sui cides affected all  age groups (Figure 3, panel c). The rise was 
more mod est for the 10–12 age group, which also had a much lower base line rate. 
Overall, Figure 3 shows evi dence of het ero ge ne ity across demo graphic groups, but 
it also sug gests that every group expe ri enced some mag ni tude of ris ing sui cide rates 
since 2010, after years of stag nant or declin ing rates.

Suicides

Suicides
excluding overdoses

Overdoses
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Fig. 2 Suicide and overdose deaths per 100,000 for ages 10–17 for 1980–2020. Data represent national 
time series for 1980–2020 for suicides, suicides excluding those jointly designated as overdoses, and over
doses per 100,000 for ages 10–17. OxyContin reformulation is indicated by a vertical line in 2010.
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12 D. Powell

Fig. 3 Suicides per 100,000 for ages 10–17 for 1999–2020 by sex, race, and age. Suicides per 100,000 are 
plotted over time for different demographic groups. OxyContin reformulation is indicated by a vertical 
line in 2010. AI/AN = American Indian and Alaska Native. AAPI = Asian American and Pacific Islander.
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13Child Suicide Rates During the Illicit Opioid Crisis

Difference-in-Differences Analyses

There are many rea sons that child sui cide rates may have increased after reformula
tion. By com par ing states more exposed to reformulation to states less exposed, the 
dif fer enceindif fer ences ana ly ses can iso late the role of the shift to illicit opi oids 
from other nation wide fac tors. Before pro ceed ing to the main results, it is illus tra tive 
to extend prior work on the over dose mor tal ity effects asso ci ated with expo sure to 
reformulation for the full pop u la tion. I include these results in Figure A2. I find lit tle 
evi dence of preexisting trends, followed by dif fer en tial growth in deaths involv ing 
her oin or syn thetic opi oids. Although not a per fect mea sure, changes in these deaths 
likely reflect illicit opi oids dur ing this period. I observe a sta tis ti cally sig nifi  cant 
increase begin ning imme di ately in 2011. This effect was pri mar ily driven by her oin 
at first but later transitioned to syn thetic opi oids.

Panel a of Figure 4 pres ents the con di tional rela tion ship between prereformulation 
OxyContin mis use and child sui cide rates for 1999–2020. There is lit tle evi dence 
of sys tem atic dif fer ences in child sui cide trends based on non med i cal OxyContin 
mis use prior to 2010. However, nota bly, the 2009 esti mate (which is nor mal ized to 
0) is the smallest in the preperiod but, as discussed in the fol low ing, this tran si tory 
decrease does not explain the sub se quent large increases.

The rela tion ship between prereformulation OxyContin mis use and child sui
cide rates strength ens imme di ately in 2010, followed by fur ther growth over time 
and peaking in 2018. Although 2010 was a par tially treated year (reformulation 

0

2

4

6

8

10

 D
ea

th
s 

pe
r 1

00
,0

00

2000 2005 2010 2015 2020
 Year

 c. Age

Ages 10−12 Ages 13−15 Ages 16−17

Fig. 3 (continued )

CORRECTED PROOFS

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/doi/10.1215/00703370-11077660/2033081/11077660.pdf by guest on 30 N
ovem

ber 2023



14 D. Powell

Fig. 4 Differenceindifferences estimates for suicide and overdose deaths per 100,000, ages 10–17. 95% 
confidence intervals were adjusted for clustering at the state level. The 2009 estimate is normalized to 
zero. The estimated specification included state × race × age × sex fixed effects and year × race × age × 
sex × census region fixed effects and was weighted by population size. Specification also included controls 
for fraction of the population that is White, fraction that is Black, the minimum wage, antibullying laws, 
PDMPs, and “mandatory access” PDMPs. The outcome was suicides or overdoses per 100,000 for ages 
10–17. Each point estimate represents the coefficient for the year on the prereformulation nonmedical 
OxyContin misuse (%) variable. OxyContin reformulation is indicated by a vertical line in 2010.
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15Child Suicide Rates During the Illicit Opioid Crisis

c. Overdoses
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16 D. Powell

occurred in August), we observe a large 2010 effect rel a tive to 2009, suggesting that 
the removal of the abus able for mu la tion may have been imme di ately dis rup tive and 
poten tially had out sized shortterm behav ioral effects. This response would be con
sis tent with espe cially harm ful effects resulting from peo ple enter ing illicit mar kets 
and accessing more potent opi oids for the first time.15 This imme di ate increase was 
not tran si tory. The rela tion ship increases sub stan tially as the opi oid cri sis wors ens 
and illicit mar kets fur ther develop and inno vate.

The over all esti mated pat tern is sim i lar when sui cides also des ig nated as over
doses are excluded (Figure 4, panel b). I exclude over doses to con sider the pos si bil ity 
of a mechan i cal increase in sui cides because of an increase in over dose deaths; how
ever, the results do not appear to be driven by this mech a nism.

I observe no rela tion ship between expo sure to reformulation and over dose rates 
for those aged 10–17 (Figure 4, panel c) or over doses involv ing her oin or syn thetic 
opi oids (panel d). These results are con sis tent with this age group not increas ing illicit 
opi oid use and sug gest that the illicit opi oid cri sis has not affected chil dren directly by 
increas ing mis use and over doses.

I sum ma rize the rela tion ship between prereformulation OxyContin mis use and 
child sui cide rates in the first col umn of Table 2. I do not include any timevary ing 
con trols and esti mate that each per cent age point of prereformulation mis use is asso
ci ated with an addi tional 1.642 annual sui cides per 100,000 chil dren after 2010. When 
I add con trols, this esti mate is rel a tively sta ble, increas ing to 1.672, sta tis ti cally dif fer
ent from zero at the 1% level. A oneper cent agepoint dif fer ence in mis use is large, so 
it is help ful to express this response in terms of a onestan darddevi a tionhigher pre 
reformulation mis use rate, which is equal to 0.23. The esti mate then implies that each 
stan dard devi a tion of mis use is asso ci ated with an addi tional 0.38 annual sui cides per 
100,000 chil dren after 2010.

Methodological Concerns and Sensitivity Analyses

I find a strong rela tion ship between prereformulation OxyContin mis use and growth 
in sui cide rates begin ning imme di ately after reformulation. There is lit tle evi dence  
of confounding trends, and child sui cide rate lev els were also sim i lar prior to  
reformulation—a use ful prop erty when eval u at ing the validity of dif fer encein 
dif fer ences designs (KahnLang and Lang 2020). The dif fer en tial growth in sui cides 
surpasses any pre vi ous mag ni tude of var i a tion across states, imply ing that it does not 
reflect mean rever sion or nat u ral fluc tu a tions.

States may be dif fer ent in unob served ways that pre dict growth in sui cide rates 
begin ning in 2010. In the third and fourth col umns of Table 2, I add the pain reliever 
mis use var i able (interacted with post2010). The main esti mate is not mean ing fully 
affected by the inclu sion of this var i able, and sui cide rate growth is not sta tis ti cally 
asso ci ated with prereformulation pain reliever mis use rates. This result implies that 
the growth in sui cide rates is unique to OxyContin. Many pol i cies addressed opi oid 

15 There is less evi dence of an imme di ate impact on over dose deaths for the full pop u la tion (Figure A2); 
how ever, the harm ful effects of shifts to illicit opi oid mar kets may occur even with out an increase in over
dose deaths.
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18 D. Powell

use and mis use, but they rarely targeted OxyContin spe cifi  cally, except for reformu
lation. Although there are con cerns about dif fer ences across states that might pre dict 
dif fer en tial growth in sui cide rates, these confounding fac tors should load onto the 
pain reliever mis use var i able.

Moreover, states more exposed to reformulation were not dis pro por tion ately 
affected by the Great Recession. The Great Recession would be unlikely to explain 
such a per sis tent effect because the growth in sui cides outlasted the reces sion. 
Other state or local pol i cies may also have inde pen dently mattered. Such pol i cies 
(or other fac tors) would con found the main esti ma tes only if they were cor re lated 
with  OxyContin mis use, these cor re la tions emerged imme di ately after reformu
lation, and the cor re la tions are unique to OxyContin mis use and not broader pain 
reliever mis use. Similarly, although clas si fy ing deaths as sui cides can be prob lem atic 
( CrepeauHobson 2010; Schmidt et al. 2002), it is unlikely that prereformulation 
rates of OxyContin mis use would be cor re lated with qual ity changes in sui cide clas
si fi ca tion and only became cor re lated exactly at the time of reformulation.

To assess the impor tance of the choice of preperiod, in col umn 5 of Table 2, I 
include 2010 as part of the preperiod. This is a con ser va tive choice given that 2010 
was par tially treated. The esti mate decreases (rel a tive to col umn 2), as expected, but 
not to a mean ing ful extent. In col umn 6, I use the full preperiod avail  able, 1999–2009. 
The esti mate is rel a tively unaf fected by choice of preperiod. I also study whether the 
results are driven by Florida, given that Florida cracked down on pill mills around  
the same time as reformulation (KennedyHendricks et al. 2016). In col umn 7, I 
exclude Florida. In col umn 8, I exclude West Virginia, as it had the highest over dose 
rate for much of the postreformulation period (Warfield et al. 2019). Results are sim
i lar whether Florida or West Virginia is excluded.

I fur ther eval u ate the assump tions of my anal y sis in the online appen dix. I find that 
the results are sim i lar when demo graphic and pol icy adjust ments are excluded (see 
Figure A3). While I discussed the mer its of includ ing the flex i ble inter ac tion terms, 
instead of just state and time fixed effects, the results are sim i lar when these addi
tional terms (and the con trol var i ables) are excluded. This implies coef fi cient sta bil ity 
and sug gests that the OxyContin mis use var i able is not cor re lated with other fac tors 
driv ing child sui cide growth.

I also pro vide results for the full 0–17 pop u la tion, and the find ings are sim i lar 
(Figure A4). In the main anal y sis, I use a con tin u ous expo sure var i able. Alternatively, 
I can com pare abovemedian mis use states to belowmedian states. I find sim i lar 
results using this approach (Figure A5). Results are also sim i lar when I account for 
statespe cific trends (Figure A6). Finally, recent lit er a ture has discussed con cerns 
with dif fer enceindif fer ences meth ods (De Chaisemartin and D’Haultfoeuille 2022). 
I find that these cri tiques are not impor tant in this con text (Figure A7).

Extrapolation Exercise

In this sec tion, I use the main esti ma tes to extrap o late the impli ca tions of reformula
tion and the sub se quent shift to illicit opi oids on national child sui cide rates. Extrap
olations are nec es sar ily “out of sam ple,” so the usual cave ats about such exer cises 
apply. If we are will ing to extrap o late the acrossstate find ings to explain national 
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19Child Suicide Rates During the Illicit Opioid Crisis

growth, then the esti mate of 1.672 annual child sui cides per 100,000 should be mul
ti plied by the national prereformulation of OxyContin mis use rate of 0.475, imply
ing that the shift to illicit opi oids induced an addi tional 0.79 annual sui cides per 
100,000 chil dren. Comparing 2011–2020 with 2006–2009, the annual child sui cide 
rate increased by 1.59 per 100,000. Thus, this exer cise sug gests that the reformulation 
of OxyContin can explain 49% of the rise in child sui cides.

A sim i lar exer cise for 2018—the highest esti mated coef fi cient in Figure 4, panel 
a—implies that reformulation increased child sui cides in 2018 by 1.68 per 100,000. 
The 2018 child sui cide rate was 2.68 per 100,000 higher than the 2006–2009 rate, 
suggesting that reformulation accounted for 63% of the increase in child sui cides at 
its peak.

Subgroup Analyses

The illicit opi oid cri sis has affected dif fer ent demo graphic groups than the first wave 
of the opi oid cri sis, suggesting that we may observe dif fer en tial effects of reformu
lation. Table 3 explores this pos si bil ity. I find pos i tive effects for most sub groups, 
con sis tent with a broad impact on the pop u la tion. I esti mate larger effect sizes for 
males than females, although both effects are large and sta tis ti cally sig nifi  cant from 
zero at the 5% level. I also find that reformulation dis pro por tion ately affected AAPI 
and White chil dren; I esti mate neg a tive but small and sta tis ti cally insig nifi  cant effects 
for AI/AN and Black chil dren.

The larg est effects across all  sub groups are esti mated for those aged 13–15. The lack 
of asso ci a tions for some groups does not imply that the illicit opi oid cri sis did not affect 
them. Instead, it sug gests that the pre dic tor of growth in illicit opi oid mar kets used in 

Table 3 Differenceindif fer ences esti ma tes by demo graphic group

Males Females AI/AN AAPI Black White
Ages 
10–12

Ages 
13–15

Ages 
16–17

  (1) (2) (3) (4) (5) (6) (7) (8) (9)

OxyContin 
Misuse 2.355* 0.953** −0.604 2.457* −0.306 1.961** 0.520** 2.588** 1.980

(1.006) (0.336) (2.873) (1.105) (0.518) (0.693) (0.181) (0.901) (1.224)
PreReformulation 

Mean 4.053 1.469 6.877 1.762 1.757 2.996 0.455 2.683 6.213

Notes: Standard errors in paren the ses are adjusted for clus ter ing at the state level. The out come is sui
cides per 100,000 for ages 10–17 by demo graphic group. The prereformulation mean uses the 2006–2009 
preperiod. The esti mated spec i fi ca tion included state × race × age × sex fixed effects and year × race × age 
× sex × cen sus region fixed effects and was weighted by pop u la tion size. Specification also included con
trols for frac tion of the pop u la tion that is White, frac tion that is Black, the min i mum wage, antibul ly ing laws, 
PDMPs, and “man da tory access” PDMPs. Each point esti mate rep re sents the coef fi cient on the non med i
cal OxyContin mis use (%) var i able for 2011–2020. AI/AN = Amer i can Indian and Alaska Native. AAPI = 
Asian Amer i can and Pacific Islander.

*p < .05; **p < .01
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20 D. Powell

this anal y sis does not pre dict growth in sui cide rates for those groups. Consequently, 
the anal y sis may sim ply not be  able to iso late all  sub group effects due to dif fer en tial 
demo graphic expo sure to the first wave of the opi oid cri sis.

Possible Pathways

The lit er a ture on child sui cides has iden ti fied a host of risk fac tors, but there is lim
ited evi dence about the causal nature of these asso ci a tions given the dif fi cul ties in 
inde pen dently vary ing such fac tors as neglect and food inse cu rity. This arti cle pro vi
des evi dence of the impor tance of a large and broad social change—the illicit opi oid 
cri sis—as a driv ing force behind the recent unex plained increase in child sui cides. 
The tran si tion to the illicit opi oid cri sis has altered house holds and soci ety in sev eral 
documented ways and likely on count less unstud ied dimen sions.

In this sec tion, I doc u ment changes in the con di tions faced by chil dren dur ing the 
period. I plot time series trends for pos si ble inter me di ate fac tors, rely ing on the lit
er a ture explor ing the effects of OxyContin reformulation. If the illicit opi oid cri sis 
were increas ing child sui cide rates because it harmed eco nomic con di tions, adding a 
poten tial stressor to the lives of chil dren, then we would expect to observe the rel e
vant eco nomic met rics to have sim i lar national trends as the child sui cide rate.

Of course, the absence of such a trend does not indi cate that the illicit opi oid cri
sis had no impact on the met ric itself. For exam ple, the reformulation of OxyContin 
increased food inse cu rity rates (Heflin and Sun 2022), but national food inse cu rity 
rates (discussed below) decreased for most of the postreformulation period as eco
nomic con di tions improved dur ing the recov ery from the Great Recession. Thus, the 
find ings in the lit er a ture imply that food secu rity rates would have recov ered even 
faster in the absence of reformulation, but the lack of a sim i lar national trend in child 
food inse cu rity rates sug gests that food inse cu rity rates them selves are not a pri mary 
fac tor linking the illicit opi oid cri sis with child sui cide rates.16

In Figure 5, I plot the national trends for a sub set of house hold and soci ety
level con di tions expe ri enced by chil dren that the lit er a ture on the reformulation of 
 OxyContin has stud ied (or out comes related to those stud ied). In the most related 
work to this arti cle, Evans et al. (2022) found that reformulation increased rates of 
child neglect claims. Panel a plots the national trend in sub stan ti ated abuse claims per 
1,000 chil dren for 2006–2019 using restricted data from the National Child Abuse 
and Neglect Data System (NCANDS).17 The NCANDS rep re sents a cen sus of refer
rals to state child pro tec tive ser vices agencies.18 The postreformulation rise in child 
neglect rates mir rors the one observed for sui cide rates, suggesting a shared set of 

16 However, food inse cu rity may inde pen dently affect sui cide rates (i.e., child sui cide rates increased 
despite improve ments in food secu rity).
17 I use the 2006–2020 data—which pro vide cases for each fis cal year—to con struct rates for cal en dar 
years 2006–2019. I fol low the method and code used in Evans et al. (2022), which reported rates for 
2006–2017. See their arti cle for more details on con struc tion of these rates and on dif fi cul ties in har mo niz
ing these data with ear lier years.
18 The data were acquired through an agree ment with the National Data Archive on Child Abuse and 
Neglect.
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21Child Suicide Rates During the Illicit Opioid Crisis

Fig. 5 National time series trends for possible pathways. National trends in measures were impacted by 
reformulation. OxyContin reformulation is indicated by a vertical line in 2010. See text for discussion of 
data sources.
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23Child Suicide Rates During the Illicit Opioid Crisis

under ly ing causes. Neglect itself may lead to sui cide or the con di tions lead ing to 
child neglect may pre dict child sui cide rates. These pat terns sug gest that the illicit 
opi oid cri sis is affect ing child sui cide rates through adverse effects on par ents and 
care tak ers. Although the deter mi nants of child mal treat ment are com pli cated and 
numer ous (Bullinger et al. 2021), paren tal opi oid use has been asso ci ated with child 
neglect (Bullinger and Ward 2021; Romanowicz et al. 2019), and that asso ci a tion 
may have wors ened because of the shift to illicit opi oids.

To fur ther under stand the con di tions lead ing to higher rates of sui cide and neglect, 
I study liv ing arrange ments given evi dence that reformulation increased fos ter care 
admis sions (Dallman 2020; MackenzieLiu 2021).19 The rise in over dose deaths 
(Powell and Pacula 2021) and rise in crim i nal behav ior (and, likely, incar cer a tion) 
(Mallatt 2022) could affect whether a child lives with a par ent. I use data from the 
Adoption and Foster Care Analysis and Reporting System to plot trends in fos ter care 
rates for 1999–2020. As a com ple men tary mea sure, I cal cu late the share of chil dren 
aged 10–17 not liv ing in a res i dence with at least one par ent, using the intrahousehold 
rela tion ship var i ables constructed from the Amer i can Community Survey by IPUMS 

19 Most child neglect cases do not result in child removal (Testa and Smith 2009), and, at the state level, 
fos ter care rates and child neglect rates have a sur pris ingly low cor re la tion (Doyle and Aizer 2018). Thus, 
it is use ful to ana lyze both fac tors sep a rately.
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24 D. Powell

(Ruggles et al. 2023). For both out comes, there are large declines prior to reformula
tion followed by increases after reformulation (Figure 5, pan els b and c).

Although child sui cide rates after reformulation far sur pass their pre
 reformulation rates, the increases in fos ter care rates and share of chil dren not liv ing 
in a house hold with a par ent do not. It could be that the rea sons behind the changes 
in liv ing arrange ments since reformulation are impor tant mech a nisms that increase 
sui cide rates, but liv ing arrange ments them selves are not pri mary deter mi nants. 
For exam ple, liv ing arrange ment changes since reformulation may have become 
increas ingly related to paren tal death and incar cer a tion, which are impor tant child 
sui cide risk fac tors. The trends in pan els b and c of Figure 5 sug gest that liv ing 
arrange ments may be con trib ut ing fac tors in wors en ing the con di tions of chil dren 
but are not the main fac tors.

Lastly, I exam ine broader eco nomic con di tions as prox ies for pos si ble house hold
level stress ors that might pre dict neglect. Specifically, I con sider the rate of food 
inse cu rity for chil dren aged 10–17, constructed using CPS sup ple ment data (dis
cussed ear lier). I also look at child pov erty rates given that the lit er a ture has found 
that reformulation decreased house hold income (Park and Powell 2021) and pov erty 
rates are asso ci ated with child sui cide attempts and deaths. Child pov erty rates were 
constructed using the CPS Annual Social and Economic Supplement “offi cial pov
erty” var i able. These trends are shown in pan els d and e of Figure 5. These eco nomic 
met rics were gen er ally improv ing after reformulation, given the recov ery from the 
Great Recession. Reformulation slowed this recov ery but did not impede it. This evi
dence sug gests that wors en ing eco nomic con di tions were not the rea son that the illicit 
opi oid crisis increased child sui cide rates.

Overall, this anal y sis sug gests that con di tions for chil dren have wors ened since refor
mulation by increas ing child neglect rates and for rea sons related to chang ing liv ing 
arrange ments. Overdose death rates have increased, suggesting roles for bereave ment 
and the harm ful effects asso ci ated with paren tal death. There is less evi dence that eco
nomic con di tions have caused sui cide rates to rise, given that they have improved since 
reformulation for rea sons unre lated to the opi oid cri sis. These met rics sug gest that the 
spill overs of the illicit opi oid cri sis that are affect ing child wel fare pre dom i nantly orig i
nate with effects on fam i lies and care tak ers. There is less evi dence of impacts on chil dren 
through broader social con di tions. Of course, this con clu sion is reached after ana lyz ing 
only a small set of pos si ble path ways and should only be con sid ered sug ges tive.

Discussion

Child sui cides rates began rap idly increas ing after the 2010 reformulation of  OxyContin. 
This growth was uniquely long in dura tion and large in mag ni tude rel a tive to annual 
sui cide rates back to 1980. Child sui cide rates reached record highs and, even after 
mod est reduc tions in 2019 and 2020, are still well above prereformulation rates.

Reformulation affected the entire coun try; how ever, I observe a strong asso ci a
tion between dif fer en tial expo sure to reformulation and growth in child sui cide rates. 
States that expe ri enced a stron ger tran si tion to illicit opi oids as a result of reformula
tion suf fered dis pro por tion ate growth in child sui cide rates. This dif fer en tial growth 
began only after reformulation.
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25Child Suicide Rates During the Illicit Opioid Crisis

I find lit tle evi dence of changes in over dose rates—over all or by type—for those 
aged 10–17, suggesting lit tle change in illicit opi oid use for this pop u la tion. The 
results are con sis tent with growth in illicit opi oid access and use among the adult 
pop u la tion gen er at ing wors en ing con di tions for chil dren by increas ing rates of child 
neglect (Evans et al. 2022), chang ing liv ing arrange ments (MackenzieLiu 2021), 
increas ing crime (Mallatt 2022), and reduc ing house hold income (Park and Powell 
2021); other mech a nisms are also likely. A brief anal y sis of national trends in some 
of these con di tions sug gests that child neglect is itself a crit i cal mech a nism link
ing the illicit opi oid cri sis with child sui cide rates or it shares com mon under ly ing 
deter mi nants. Trends in liv ing arrange ments also share some com mon prop er ties with 
national trends in child sui cide rates, although they would not them selves explain the 
mag ni tude of the rise in child sui cides.

The results do not rule out that other fac tors related or unre lated to the opi oid cri sis 
may have played inde pen dent or com ple men tary roles in the growth of child sui cide 
rates. Other opi oidspe cific pol icy changes and broader reduc tions in opi oid sup
ply (Stein et al. 2022) may have played inde pen dent roles. Lack of treat ment access 
(Davis and Carr 2019), nonopioid pol i cies affect ing opi oid use and mis use (Bradford 
and Bradford 2020; Venkataramani and Tsai 2020), and social fac tors (O’Brien et al. 
2022) may have played com ple men tary roles. Reformulation itself was not the sole 
fac tor in shifting peo ple to illicit opi oids. However, this anal y sis does not require 
fully explaining the tran si tions in the opi oid cri sis. Instead, it uses reformulation and 
its dif fer en tial geo graphic effects to under stand the rela tion ship between these tran si
tions and child sui cide rates.

The results also sug gest sub stan tial het ero ge ne ity across demo graph ics. Groups 
suf fer ing dis pro por tion ately faster growth in sui cide rates were often found to have 
been more affected by reformulation. I esti mated larger effects of reformulation for 
males. From 2009 to 2020, males expe ri enced a faster rise in sui cide rates of 2.0 per 
100,000 com pared with 1.1 per 100,000 for females. Similarly, I found large dif fer
ences by age, with the larg est effects for the 13–15 age group. This is also the age 
group that expe ri enced the larg est increase in sui cide rates from 2009 to 2020 (2.5 
per 100,000 vs. 0.6 per 100,000 for those aged 10–12 and 1.9 per 100,000 for those 
aged 16–17).

Stratifying by race, the effects were larg est for AAPI and White chil dren. The lat
ter expe ri enced the larg est increase in sui cides from 2009 to 2020 (1.7 per 100,000), 
while sui cide rates for AAPI chil dren also grew sub stan tially (1.3 per 100,000). How
ever, Black chil dren also expe ri enced fast growth dur ing this time period (1.5 per 
100,000), but I did not find evi dence that reformulation was driv ing this growth, 
pos si bly because the expo sure var i able used in this arti cle is not rep re sen ta tive of 
the expo sure to the illicit opi oid cri sis expe ri enced by this pop u la tion, although other 
expla na tions are also pos si ble.

Conclusions

OxyContin reformulation induced trans for ma tive growth in illicit opi oid mar kets. 
Nationally, at the same time, sui cide rates of chil dren increased sharply and rose 
unabated for an unprec e dented eight con sec u tive years, ush er ing in a new men tal 
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health cri sis. Child sui cide rates remain at his tor i cally high lev els, yet there is lim
ited research on the deter mi nants of this cri sis. Although the over dose rate and child 
men tal health are both con sid ered national cri ses, they have gen er ally been con sid
ered inde pen dent. This arti cle establishes a crit i cal link between the two. I find that 
the tran si tion of the opi oid cri sis to illicit opi oids that accom pa nied reformulation is 
asso ci ated with the growth in child sui cide rates. States more exposed to the illicit 
opi oid cri sis have expe ri enced mark edly sharper growth in child sui cide rates. The 
lit er a ture has pre vi ously shown strong evi dence that reformulation has led to wors en
ing con di tions for chil dren (Evans et al. 2022; MackenzieLiu 2021), but this study 
is the first to show a link with child sui cide rates. This growth is uniquely asso ci ated 
with prereformulation OxyContin mis use and is not related to pain reliever mis use 
more broadly.

Overall, I find that each per cent agepoint dif fer ence in prereformulation 
 OxyContin mis use predicted an addi tional 1.7 annual sui cides per 100,000 chil dren 
between 2011 and 2020. This esti mate implies that a onestan darddevi a tionhigher 
prereformulation mis use rate was asso ci ated with an addi tional 0.38 annual sui cides 
per 100,000 after 2010. A sim ple extrap o la tion exer cise sug gests that OxyContin 
reformulation can explain about half of the growth in child sui cide rates since 2010.

As the opi oid cri sis con tin ues to tran si tion to illicit and syn thetic opi oids, the 
destruc tive expo sure of chil dren to this social envi ron ment will only worsen. The 
dam age and suf fer ing caused by the opi oid cri sis are not reserved to those misus
ing opi oids. The results of this study sug gest addi tional gains in addressing the 
harms asso ci ated with the opi oid cri sis, such as improv ing treat ment access (Larney 
and Hall 2019; Saloner and Barry 2018) or investing in alter na tive pain man age
ment ther a pies (U.S. Food and Drug Administration 2022). For exam ple, Ali and 
Ghertner (2022) found that improve ments in buprenorphine treat ment avail abil ity 
decrease sub stan ti ated child mal treat ment cases. As policymakers con sider the ben
e fits of these inter ven tions rel a tive to their costs, there is grow ing evi dence that the 
returns of these invest ments are even larger than pre vi ously antic i pated. Unfortu
nately, effec tive pol icy options in response to the grow ing opi oid cri sis are lim ited 
(Rao et al. 2021), suggesting that some pes si mism about the future of child sui cide 
rates is warranted. ■
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