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ABSTRACT The United States has ex pe ri enced a dra matic rise in opi oid ad dic tion and 
opi oid over dose deaths in re cent years. We in ves ti gate the ef fect of the opi oid ep i demic 
at the lo cal level on non mar i tal fer til ity us ing ag gre gate- and in di vid u al-level an a ly-
ses. Opioid over dose death rates and pre scrip tions per cap ita are used as in di ca tors of 
the in ten sity of the opi oid ep i dem ic. We es ti mate area fixed-ef fects mod els to test the 
ef fect of the opi oid ep i demic on non mar i tal birth rates obtained from vi tal sta tis tics for 
2000–2016. We find an in crease in non mar i tal birth rates in com mu ni ties that ex pe-
ri enced a rise in opi oid over dose deaths and higher pre scrip tion rates. Our an a ly ses 
also show that the lo cal ef fect of the opi oid ep i demic is not driven by a re duc tion in 
mar riage rates and that mar i tal birth rates are un af fect ed. Individual-level data from the 
ACS 2008–2016 are then used to fur ther as sess the po ten tial causal mech a nisms and 
to test het ero ge neous ef fects by ed u ca tion and race/eth nic i ty. Our find ings sug gest that 
the opi oid ep i demic in creased non mar i tal birth rates through so cial dis rup tions pri mar-
ily af fect ing un mar ried women but not through changes in their eco nomic con di tion.
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Introduction

The opi oid ep i demic is one of the greatest pub lic health chal lenges fac ing the United 
States to day (Gladden et al. 2016; Kolodny et al. 2015). According to the Substance 
Abuse and Mental Health Services Administration (SAMHSA 2018), more than 11 mil-
lion peo ple misused some type of opi oid in 2017, ac count ing for nearly 5% of the to tal 
pop u la tion aged 12 or older. The rate of deaths due to opi oid over dose has in creased 
by 200% since 2000 (Rudd et al. 2016). This dra matic up take was ini tially fueled by 
changes in med i cal pre scrip tion prac tices (Dasgupta et al. 2018; Kenan et al. 2012). 
Beginning in the late 1990s, re stric tions on the use of opi oids for the treat ment of chronic 
pain were sub stan tially curtailed as phar ma ceu ti cal com pa nies led cam paigns to make 
opi oid pre scrip tions a more ac cept able strat egy for pain man age ment (Vadivelu et al. 
2018). Because of the ad dic tive na ture of opi oids, this large-scale change in treat ment 
prac tices resulted in a sharp rise in the rate of abuse and mis use. The in crease in pre-
scrip tion opi oids also con trib uted to a growth in the use of il licit opi oids, such as her o in, 
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par tic u larly af ter 2010 (Cicero et al. 2014; Kolodny et al. 2015; Vadivelu et al. 2018). 
The in tro duc tion of fentanyl to the U.S. il licit drug mar ket in 2013 fur ther ac cel er ated 
the growth in the num ber of deaths at trib uted to opi oid over dose.

Previous stud ies have found that opi oid de pen dence has pro found det ri men tal ef-
fects on the lives of af fected in di vid u als (Sansone et al. 2012; Scarpati et al. 2017; 
Scherrer et al. 2016; Terplan et al. 2015) and that drug ad dic tion has the po ten tial to 
dis rupt so cial and eco nomic con di tions at the fam ily and com mu nity lev els (Birnbaum 
et al. 2011; Copello et al. 2010; Krueger 2017). However, de spite a grow ing body of 
re search assessing the health-re lated causes and con se quences of opi oid mis use, we still 
know lit tle about its ef fect on fam ily for ma tion and child bear ing pat terns in gen er al, and 
on non mar i tal fer til ity in par tic u lar. Assessing the ef fects of the opi oid ep i demic on non-
mar i tal fer til ity is key to un der stand ing the so cial and in ter gen er a tional re per cus sions 
of the opi oid ep i demic be cause un mar ried moth ers and their chil dren are par tic u larly 
vul ner a ble to pov erty and eco nomic hard ship (McLanahan and Kelly 2006).

The opi oid ep i demic may af fect non mar i tal fer til ity through mul ti ple chan nels. 
Unmarried women are more likely to mis use opi oids (SAMHDA 2019), and opi oid 
de pen dence has been linked to a higher risk of un in tended preg nancy and to a greater 
un met need for con tra cep tion (Terplan et al. 2015). Opioid-de pen dent men are more 
likely to be come per pe tra tors of in ti mate part ner vi o lence (Moore et al. 2011), which 
has in turn been shown to de crease wom en’s con tra cep tive ac cess and use (Gee et al. 
2009). Drug de pen dence is linked to loss of work pro duc tiv ity and em ploy ment in sta-
bil ity (Hasselt et al. 2015; Sansone et al. 2012), higher prob a bil ity of in volve ment in 
crim i nal ac tiv i ties (Bennett et al. 2008; Lo and Stephens 2002), and higher risk of 
in car cer a tion (Kopak et al. 2014). These fac tors are neg a tively as so ci ated with men’s 
per ceived suit abil ity as long-term part ners (Lopoo and Western 2005; Smock et al. 
2005). Opioid use among men may there fore de crease the avail abil ity of mar riage-
able part ners, thereby po ten tially con trib ut ing to an in crease in non mar i tal fer til ity 
through a de crease in mar riage op por tu ni ties for wom en.

At the com mu nity lev el, the opi oid ep i demic has been shown to re duce la bor force 
par tic i pa tion rates (Krueger 2017). Deteriorating eco nomic con di tions trig gered by a 
rise in opi oid abuse may con trib ute to a de cline in child bear ing, given that neg a tive 
eco nomic shocks have been linked to lower birth rates (Schneider 2015). The opi-
oid cri sis may also al ter fer til ity rates at the com mu nity level by in creas ing mor tal ity 
(Nobles et al. 2015) and crim i nal vi o lence (Carter et al. 2018). Violent crime and the 
vis i ble pres ence of drug us ers and deal ers has the po ten tial to erode so cial co he sion 
and col lec tive ef fi cacy (Harding 2009; Markowitz et al. 2001). Exposure to vi o lent 
en vi ron ments, in creased lo cal mor tal i ty, and lower col lec tive ef fi cacy have in turn been 
linked to changes in the tim ing of the tran si tion to moth er hood and to a higher prob a bil-
ity of ex pe ri enc ing a non mar i tal birth (Harding 2009; Johns 2011; Nobles et al. 2015).

We as sess the im pact of the lo cal opi oid ep i demic on non mar i tal fer til ity among 
young women of re pro duc tive age. Our anal y sis cov ers the years 2000–2016, a 
pe riod that encompasses three dis tinc tive stages of the opi oid ep i dem ic: an ini tial 
stage in which in creased opi oid use was driven by pre scrip tion drugs (2000–2010), 
a sec ond stage char ac ter ized by a rise in her oin ad dic tion (2011–2013), and a third 
stage marked by the growth of syn thetic opi oids (2014–2016). Our an a lyt i cal strat-
egy in volves both ag gre gate- and in di vid u al-level an a ly ses to es ti mate the ef fect 
of lo cal opi oid over dose death rates (ODRs) on non mar i tal birth rates and on the 
prob a bil ity of hav ing a birth among nev er-mar ried wom en. We ex plore dif fer ences 
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in the ef fect of the opi oid ep i demic on the fer til ity of nev er-mar ried women by 
race/eth nic ity and level of ed u ca tion. To bet ter un der stand the mech a nisms linking 
the opi oid ep i demic to non mar i tal fer til i ty, we also as sess its ef fects on po ten tial 
me di a tors, such as mar riage rates and em ploy ment. In the fol low ing sec tions we 
first re view the sociodemographic pat terns of the opi oid ep i dem ic. We then dis cuss 
the pos si ble mech a nisms through which changes in lo cal opi oid mis use may af fect 
non mar i tal fer til i ty.

The Opioid Epidemic in the United States

Approximately 11.4 mil lion peo ple misused opi oids in the United States in 2017 
(SAMHSA 2018), ac count ing for nearly 5% of the to tal pop u la tion aged 12 or older. 
Increasing mis use and abuse of opi oids in the last two de cades have led to stag ger-
ing death rates. Between 1999 and 2017, ap prox i ma tely 400,000 peo ple died as a 
re sult of an opi oid over dose (Scholl et al. 2019). In 2017, more in di vid u als died from 
opi oid over dose than from gun vi o lence or mo tor ve hi cle ac ci dents (CDC 2019c). 
Mortality rates due to opi oid over dose vary sig nifi  cantly geo graph i cally and across 
de mo graphic groups. Figure 1 shows coun ty-level opi oid-ODRs in 2000–2003 and 
2014–2016. Although opi oid over dose deaths were high in both the east ern and west-
ern parts the coun try by 2014–2016, they in creased more dra mat i cally in the East, 
par tic u larly in counties within the Ap pa la chian re gion. According to our cal cu la tions 
us ing re stricted vi tal sta tis tics data (NVSS 2018), the rise in the ODR has been high-
est among adults aged 25 and older, followed by those aged 20–24. By con trast, the 
over dose deaths for ad o les cents have remained low and flat since 2000.

The rate of death due to opi oid over dose is es pe cially high among non-His panic 
Whites. As shown in Figure 2, non-His panic Whites ex pe ri enced the sharpest in crease 
in the ODR dur ing the ini tial phase of the ep i demic when deaths were driven by pre-
scrip tion opi oids. The ODR for Blacks remained sta ble un til 2010, when the opi oid 
mor tal ity rate for Whites was twice as high as that for Blacks (Alexander et al. 2018). 
Racial disparities in the ODR dur ing this pe riod partly re flect dif fer ences in health 
in sur ance cov er age, which ini tially made opi oid pain re liev ers more ac ces si ble to 
Whites (Hansen and Netherland 2016), and biases against mi nor ity pa tients in the 
pre scrip tion of opi oid pain med i ca tions (Singhal et al. 2016). However, af ter 2010, 
the ODR for both Blacks and Whites in creased sharp ly, driven by her oin use and, 
more re cent ly, by the use of syn thetic opi oids, such as fentanyl (Alexander et al. 
2018). The ODR for His pan ics has been com par a tively lower for most of the pe riod 
but has started to in crease in re cent years (Shiels et al. 2018).

Finally, the opi oid ep i demic has also had a dif fer en tial ef fect by gen der. As shown 
in Figure 3, the ODR for men is con sid er ably higher than that for women dur ing the 
en tire pe ri od. However, rates of opi oid de pen dence and over dose have been ris ing 
rap idly among women (Ho 2017; Mazure and Fiellin 2018; McHugh et al. 2013). 
Women are more likely to re ceive an opi oid pre scrip tion to man age pain, to be pre-
scribed higher doses, and to use opi oids for lon ger pe ri ods than men (CDC 2013). 
A study of opi oid-de pen dent women and men found that women be come de pen dent 
more quickly (Back et al. 2011). Closely re lated to the up take in opioid mis use among 
wom en, the rate of de liv er ies to women with an opi oid-use dis or der qua dru pled 
be tween 1999 and 2014 (Haight 2018).
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Fig. 1 Opioid overdose death rates (per 100,000) in 2000–2003 (top map) and 2014–2016 (bottom map). 
Authors’ calculations based on data from the National Vital Statistics System (NVSS 2018).
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Individual-, Family-, and Community-Level Effects  
of Substance Use Disorders

The opi oid ep i demic may af fect the prox i mate de ter mi nants of fer til i ty—sex ual 
ac tiv ity and con tra cep tive use—through sev eral di rect and in di rect chan nels. Studies 
us ing small sam ples of women en rolled or screened to en roll in opi oid treat ment 
pro grams have found that more than 80% of the preg nan cies among this pop u la tion 
group were un in tended (Black et al. 2012; Heil et al. 2011). This per cent age is about 
twice the share of preg nan cies that are un in tended among the over all pop u la tion 
(Guttmacher Institute 2019). The high prev a lence of un in tended preg nan cies among 
opi oid-de pen dent women ap pears to be driven by a higher prob a bil ity of risky sex ual 
ac tiv i ty. Previous stud ies have found that opi oid-de pen dent women have low rates 
of con tra cep tive use (Black et al. 2012) as well as low prob a bil i ties of us ing more 
ef fec tive con tra cep tive meth ods, such as the hor monal pill, com pared with non de pen-
dent women (Cornford et al. 2015; Terplan et al. 2015). Qualitative ev i dence from 
in ter views with opi oid-de pen dent women in the United Kingdom sug gests that one of 
the rea sons for fail ing to use con tra cep tion is a low per ceived risk of preg nancy and 
that opi oid-de pen dent women of ten wel come moth er hood as an op por tu nity to con-
trol their drug use (Harding and Ritchie 2003). In ad di tion, Black et al. (2012) found 
that among the sex u ally ac tive opi oid-de pen dent women they interviewed, more than 
30% reported hav ing had sex in ex change for money or drugs, and 44% reported hav-
ing had sex while intoxicated in the last year. According to the 2017 National Survey 
on Drug Use and Health, 73% of fe male adult re spon dents who reported suf fer ing 
from opi oid de pen dence or abuse in the pre vi ous year were un mar ried, com pared 
with 54% of non de pen dent re spon dents (SAMHDA 2019). To the ex tent that un mar-
ried women are over rep re sented among opi oid abus ers, the opi oid ep i demic may dis-
pro por tion ately in crease non mar i tal fer til i ty.
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Fig. 2 Opioid overdose death rates (ODRs) (per 100,000) for non-Hispanic Whites, non-Hispanic Blacks, 
and Hispanics, 2000–2016. Authors’ calculations based on data from the National Vital Statistics System 
(NVSS 2018).
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Previous re search has also shown that opi oid-de pen dent men are more likely to 
en gage in sex u al, phys i cal, and psy cho log i cal vi o lence against their part ners (Moore 
et al. 2011). Intimate part ner vi o lence has in turn been shown to de crease wom en’s 
con tra cep tive ac cess and use (Gee et al. 2009). Women who fear vi o lence from their 
part ner are at a dis ad van tage when ne go ti at ing con dom use, and they are more vul-
ner a ble to forced sex, re pro duc tive co er cion, and birth con trol sab o tage (Bergmann 
and Stockman 2015). Thus, wom en’s vic tim i za tion resulting from their part ners’ 
opi oid use may in crease their risk of an un in tended preg nan cy. Moreover, be cause 
un mar ried women who are cohabiting are at higher risk of ex pe ri enc ing in ti mate 
part ner vi o lence than their mar ried coun ter parts (Manning et al. 2018), the ef fect of 
opi oid use due to in ti mate part ner vi o lence may be higher for non mar i tal fer til i ty.

In ad di tion to di rectly af fect ing the prox i mate de ter mi nants of fer til i ty, such as con-
tra cep tive use and sex ual ac tiv i ty, opi oid mis use and abuse can po ten tially in flu ence 
non mar i tal fer til ity through more in di rect chan nels, such as em ploy ment in sta bil ity 
and crim i nal ac tiv i ty. Opioid abuse and mis use have been linked to greater work place 
ab sen tee ism (Birnbaum et al. 2011; Hasselt et al. 2015; Inocencio et al. 2013). Employ-
ees who abuse pre scrip tion drugs are more likely to miss days of work, which re duces 
over all pro duc tiv i ty, strains work re la tions, and in creases costs for em ployers (Hasselt 
et al. 2015). Abuse of pre scrip tion med i ca tions has also been linked to un sta ble em ploy-
ment tra jec to ries and a greater prob a bil ity of be ing fired (Sansone et al. 2012). A long 
line of re search has shown that a lack of fi nan cial re sources, pri mar ily among men, 
is an im por tant rea son why un mar ried cou ples de cide to post pone or forgo mar riage 
(Gib son-Davis et al. 2005; Smock et al. 2005). Employment in sta bil ity among men 
may re duce the like li hood of mar riage, thereby in creas ing the time that sex u ally ac tive 
women spend be ing at risk of a non mar i tal preg nancy (South and Lloyd 1992).

Opioid-de pen dent in di vid u als are also at higher risk of com mit ting crim i nal of fenses 
and be com ing in volved with the crim i nal jus tice sys tem (Bennett et al. 2008). Crim-
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Fig. 3 Opioid overdose death rates (ODRs) (per 100,000) for women and men, 2000–2016. Authors’ cal-
culations based on data from the National Vital Statistics System (NVSS 2018).
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inal ac tiv ity is of ten used as a way to ob tain drugs for per sonal use (Lo and Stephens 
2002). The stigma at tached to a crim i nal back ground re duces in di vid u als’ marriageabil-
ity (Lopoo and Western 2005; Van Schellen et al. 2012). As in the case of em ploy ment 
in sta bil i ty, an in crease in the pop u la tion with a crim i nal back ground may re duce the 
pool of mar riage able part ners in af fected com mu ni ties, thereby de ter ring women from 
get ting mar ried with out nec es sar ily re duc ing or post pon ing their fer til i ty.

The con se quences of the opi oid ep i demic are not lim ited to in di vid u als with opi oid 
use dis or ders. Family mem bers who do not abuse opi oids them selves may nev er the-
less lose work ing hours be cause of the time bur den of car ing for an opi oid-de pen dent 
rel a tive (Copello et al. 2010). The healthcare ex cess costs for pa tients suf fer ing from 
opi oid over dose or poi son ing, abuse, and de pen dence range from $18,000 to $44,000 
over the im me di ate two-year pe riod af ter di ag no sis (Scarpati et al. 2017). The fam i-
lies of opi oid-de pen dent in di vid u als thus may suf fer eco nom i cally as a re sult of these 
un ex pected healthcare ex penses.

The neg a tive eco nomic ef fects of the opi oid ep i demic may also have com mu nity-
level im pli ca tions. Several stud ies have found that ar eas with higher opi oid pre-
scrip tion rates ex pe ri enced re duc tions in la bor force par tic i pa tion and in creases in 
un em ploy ment for women and men (Aliprantis et al. 2019; Harris et al. 2019; Krueger 
2017). Local-level un em ploy ment and pov erty rates have been shown to be spa tially 
cor re lated with the ODR (Ghertner and Groves 2018). The neg a tive eco nomic shocks 
caused by the opi oid ep i demic may con trib ute to greater eco nomic un cer tainty at the 
house hold and com mu nity lev els. Economic un cer tainty has in turn been linked to 
re duc tions and de lays in fer til ity for women of any mar i tal sta tus (Cherlin et al. 2013; 
Schneider 2015; Schneider and Hastings 2015).

Finally, other dis rup tions in the so cial en vi ron ment in duced by the opi oid ep i-
demic may cause be hav ioral and psy cho log i cal re sponses among in di vid u als, which 
may lead to changes in their sex ual ac tiv ity and con tra cep tive be hav ior. Past stud ies 
have shown that neigh bor hoods with high il licit drug–mar ket ac tiv ity pro mote so cial 
en vi ron ments where other dis or derly con duct, such as pros ti tu tion, gam bling, and 
pub lic drunk en ness, also take place (Weisburd and Mazerolle 2000). Together, these 
trans gres sions can cre ate wide spread fear among com mu nity mem bers, con se quently 
re duc ing so cial co he sion and col lec tive ef fi cacy (LaGrange et al. 1992; Markowitz 
et al. 2001). Lower neigh bor hood col lec tive ef fi cacy is in turn as so ci ated with higher 
non mar i tal teen age fer til ity in some types of neigh bor hoods (Way et al. 2006).

Opioid drug ac tiv ity has also been shown to be spa tially cor re lated with vi o lent 
crime (Carter et al. 2018), and neigh bor hood vi o lence has been linked to a greater 
prob a bil ity of ad o les cent preg nan cy, pos si bly be cause of the psy cho log i cal dis tress 
caused by a greater per ceived risk of vic tim i za tion and un cer tainty about the fu ture 
(Harding 2009; Johns 2011). Previous stud ies have documented that women in crease 
their fer til ity and ac cel er ate fam ily for ma tion if they per ceive a dra matic in crease 
in mor tal ity in their com mu ni ties (Nobles et al. 2015). Having an opi oid-de pen dent 
fam ily mem ber may also in duce de pres sion (Ray et al. 2009), which has been as so ci-
ated with con tra cep tive in con sis tency (Hall et al. 2013).

To sum ma rize, the opi oid ep i demic may af fect non mar i tal fer til ity through sev-
eral chan nels. Opioid abuse is linked to lower and in con sis tent con tra cep tive use and 
greater prob a bil ity of en gag ing in risky sex. Because un mar ried women are more 
likely to abuse opi oids than their mar ried coun ter parts, these mech a nisms are likely 
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to dis pro por tion ately in crease non mar i tal fer til i ty. Opioid de pen dence is also as so-
ci ated with em ploy ment in sta bil i ty, crim i nal in volve ment, and in car cer a tion, which 
may re duce the avail abil ity of male mar riage able part ners, thereby in creas ing the 
risk of a non mar i tal birth among un mar ried wom en. Finally, the opi oid ep i demic 
may bring about com mu ni ty-level eco nomic de cline, so cial dis or der, and higher vi o-
lent vic tim i za tion rates. Regardless of their opi oid use or mar i tal sta tus, women may 
change their sex ual ac tiv ity and con tra cep tive use to re duce their fer til ity in re sponse 
to eco nomic un cer tain ty, but they may also in crease it in re sponse to re duced col lec-
tive ef fi cacy and in creased vi o lence and so cial dis or der. In our anal y sis, we test the 
as so ci a tion be tween opi oid use at the lo cal level and mar i tal and non mar i tal birth 
rates. To spe cifi  cally as sess whether the ef fect of the opi oid ep i demic on fer til ity is 
me di ated by in creased bar ri ers to mar riage, we also test its ef fect on lo cal mar riage 
rates. Beyond be ing a po ten tial causal mech a nism linking the opi oid ep i demic to 
fam ily for ma tion pat terns, changes in so cio eco nomic sta tus and lo cal eco nomic con-
di tions can pre cede both of these phe nom ena and act as a con founder in stead (Case 
and Deaton 2015; Ghertner and Groves 2018; Hollingsworth et al. 2017; Monnat 
2019). Our an a lyt i cal strat egy in cor po rates sev eral strat e gies to ac count for this and 
other po ten tial sources of confounding.

Data and Methods

Aggregate-Level Analysis

We use vi tal sta tis tics re cords for 2000–2016 to com pute non mar i tal birth rates per 
1,000 women for each con sis tent pub lic use microdata area (CPUMA) and year 
(NVSS 2018). CPUMAs are the smallest geo graph i cal units that can be iden ti fied 
con sis tently over time from cen sus microdata sam ples. They are de fined based on 
the ag gre ga tion of PUMAs1 (Ruggles et al. 2019a). Because vi tal sta tis tics re cords 
are avail  able only at the county lev el, we con vert the coun ty-level in for ma tion into 
CPUMAs.2 Each CPUMA encompasses ter ri to ries of at least 100,000 res i dents 
(Ruggles et al. 2019a). Using CPUMAs in stead of counties as the unit of anal y sis 
avoids vol a tile and un re li able mi nor ity ODRs due to very small sub pop u la tion sizes. 
Because CPUMAs can be geo graph i cally smaller than counties, we some times had 
to as sign the same coun ty-level ODR to all  the CPUMAs in cluded within the same 
coun ty. To ac count for CPUMAs that are not in de pen dent within counties, all  our 
mod els clus ter stan dard er rors by coun ty. As a ro bust ness check, we rep li cated our 

1 Each PUMA may en com pass mul ti ple counties in ar eas of low pop u la tion den sity or form part of a 
county in more densely pop u lated ar eas, but it never crosses state bound aries (Ruggles et al. 2019b).
2 The coun ty-level in for ma tion is first converted into PUMAs and then ag gre gated into CPUMAs. The 
con ver sion from counties to PUMAS is based on the cross walks avail  able from the Geographic Cor-
respondence Engine of the Missouri Census Data Center (2016) (http:  /  /mcdc  .missouri  .edu  /applications  /
geocorr2014  .html). The ag gre ga tion of PUMAs into CPUMAs is based on the cross walk pro vided by the 
Minnesota Population Center’s Integrated Public Use Microdata Series (IPUMS) (https:  /  /usa  .ipums  .org  /
usa  /volii  /pumas10  .shtml). Conducting our anal y sis at the CPUMA level is nec es sary be cause the bound-
aries for PUMAs changed dur ing the pe riod of study. We ex clude from our sam ple eight CPUMAs in the 
state of Colorado that con tain por tions of counties whose bound aries changed over time in ways that make 
it dif fi cult to map into dis tinct CPUMAs.
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main mod els us ing counties as units of anal y sis in stead of CPUMAs (see Table A1 in 
the online ap pen dix) and reached the same con clu sions.

Our fi nal data set com prises 18,190 CPUMA-years. We fo cus on births to women 
aged 20–34 be cause we are pri mar ily in ter ested in non mar i tal child bear ing, and 
women who ex pe ri ence non mar i tal child bear ing have a high prob a bil ity of transition-
ing to moth er hood by age 35 (Driscoll et al. 2017; England et al. 2012). We ex clude 
ad o les cent women from our an a ly ses be cause ad o les cents have been the age group 
least af fected by the opi oid ep i dem ic, and they have had low opi oid over dose death 
lev els and a flat trend since 2000.

Vital sta tis tics re cords are based on data from birth cer tifi  cates, which col lect in for-
ma tion about moth er’s age and mar i tal sta tus at the time of birth. We use this in for ma-
tion to cal cu late the to tal num ber of non mar i tal births for women aged 20–34 for each 
CPUMA-year. Although the U.S. Census Bureau com putes yearly lo cal pop u la tion 
es ti ma tes, it does not make them avail  able by mar i tal sta tus. For this rea son, the age-
spe cific pop u la tion es ti ma tes of mar ried and un mar ried women in each CPUMA-year 
used as de nom i na tors in our birth rates are obtained from the one-year sam ples of the 
Amer i can Community Survey (ACS) and from the 5% sam ple of the 2000 cen sus 
(Ruggles et al. 2018). Such val ues are avail  able for 2000 and 2005–2016, and are 
in ter po lated for years 2001–2004.

We use opi oid ODRs to ap prox i mate the de gree of opi oid abuse in a com mu ni ty. 
ODRs in each county and year are es ti mated us ing data from death cer tifi  cates com-
piled in re strict ed-use vi tal sta tis tics fi les. Using the ODR to ap prox i mate opi oid mis-
use and abuse at the lo cal level has sev eral ad van tages, such as not re ly ing on per sonal 
ac counts, which may be sub ject to underreporting. ODRs also cap ture deaths due to 
over dose by both pre scrip tion and il le gal opi oids. An ad di tional ad van tage of us ing 
over dose deaths to ap prox i mate the strength of the opi oid ep i demic is that they spe-
cifi  cally al low us to pro duce es ti ma tes for dif fer ent sociodemographic groups and dif-
fer ent types of opi oids, in clud ing il licit ones. Other re cent stud ies have used the lo cal 
ODRs as a mea sure of the strength of the opi oid ep i demic (Carter et al. 2018; Ho 2017; 
Rigg et al. 2018). We cal cu late sep a rate ODRs per 100,000 for the en tire pop u la tion, 
and for each gen der and ethnoracial cat e gory of the de ceased. To dif fer en ti ate over dose 
deaths in volv ing fentanyl from other over dose deaths, we also con struct an ODR that 
includes only deaths that in volved syn thetic opi oids, and a sep a rate ODR that ex cludes 
over dose deaths in which a syn thetic opi oid was listed among the mul ti ple causes of 
death. Particularly af ter 2013, over dose deaths in volv ing syn thetic opi oids have been 
pri mar ily driven by fentanyl (O’Donnell et al. 2017). Thus, for sim plic i ty, we re fer to 
our syn thet ic-opi oid over dose cat e gory as fentanyl-re lated over dose deaths.

We fol low the CDC guide lines for iden ti fy ing fa tal i ties due to opi oid over doses 
(Seth et al. 2018). Deaths with un der ly ing causes X40–44 (un in ten tion al), X60–64 
(sui cide), X85 (ho mi cide), or Y10–Y14 (un de ter mined in tent) are in cluded if the 
mul ti ple causes were opium (T40.0), her oin (T40.1), nat u ral/semi syn thetic opi oids 
(T40.2), meth a done (T40.3), syn thetic opi oids other than meth a done (T40.4), and 
other and un spec i fied nar cot ics (T40.6).3 Following CDC guide lines, we iden tify 
deaths due to fentanyl and other syn thetic opi oids by selecting only those cases in 
which the mul ti ple causes iden ti fied in cluded T40.4 (syn thetic opi oids other than 

3 See, for ex am ple, https:  /  /www  .cdc  .gov  /nchs  /nvss  /vsrr  /drug  -overdose  -data  .htm.
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meth a done) (O’Donnell et al. 2017). We use coun ty-year pop u la tion es ti ma tes from 
the U.S. Census Bureau by age and sex to com pute de nom i na tors for each county and 
year. To cal cu late race-spe cific ODRs, we use the National Center for Health Statis-
tics (NCHS) bridged pop u la tion es ti ma tes for non-His panic Blacks, non-His panic 
Whites, and His pan ics as de nom i na tors (CDC 2019b). We con vert these var i ables to 
CPUMA-years as de scribed ear li er.

Although ODRs cap ture over dose deaths due to any type of opi oid, re gard less of 
whether it is sold le gal ly, they may dis pro por tion ately re flect the most ex treme cases 
of opi oid abuse and mis use. In a ro bust ness check of our an a ly ses us ing a mea sure 
that may cap ture less ex treme forms of opi oid mis use, we es ti mated mod els us ing 
the quan tity of opi oids pre scribed per per son and year in each CPUMA. Because 
ODRs since 2010 have been mostly driven by her oin and fentanyl use (Vadivelu et al. 
2018), the amount of pre scribed opi oids in a com mu nity is likely to cap ture pat terns 
of mis use and de pen dence that may not al ways lead to death by over dose. We ob tain 
in for ma tion re gard ing the to tal amount of sales of the two lead ing opi oid pre scrip tion 
med i ca tions (oxycodone and hydrocodone) for each CPUMA per year from the U.S. 
Drug Enforcement Administration’s Automated Reports and Consolidated Ordering 
System (ARCOS) for years 2000–2016.4 The to tal sales of both med i ca tions were 
converted into equiv a lent grams of mor phine us ing the Centers for Disease Con-
trol and Prevention (CDC) mor phine mil li gram equiv a lent (MME) con ver sion ta ble 
(CDC 2019a). We then di vided the to tal grams of mor phine by the to tal pop u la tion 
(per 100 res i dents). Opioid pre scrip tion rates are par tic u larly ef fec tive in cap tur ing 
the ini tial phase of the opi oid ep i demic that was driven mostly by pre scrip tion opi-
oids. However, com pared with the ODR, they are a less ac cu rate mea sure of the 
opi oid ep i demic in later years. In ad di tion, un like the ODR, opi oid pre scrip tion rates 
can not be cal cu lated spe cifi  cally by gen der or race/eth nic ity and do not cap ture the 
use of opi oids such as her oin or black-mar ket fentanyl.

For these rea sons, we rely on the lo cal ODR (to tal, by sex, and by type of opi-
oid) as our pri mary pre dic tor, and we use the pre scrip tion rates only as an ad di tional 
mea sure to check the ro bust ness of our find ings. Our mod els in clude a se ries of time-
vary ing CPUMA-level con trols obtained from the one-year sam ples of the ACS: the 
per cent age of the pop u la tion with and with out com pleted high school; the per cent-
age that is un em ployed; the per cent age re ceiv ing gov ern ment in come as sis tance;5 the 
av er age house hold in come; and the per cent age that is non-His panic Black, His pan ic, 
or for eign-born. We also con trol for the pop u la tion den sity in the CPUMA (de fined 
as the to tal pop u la tion per square mile) and the sex ra tio (num ber of men aged 25–39 
per 1,000 women aged 20–34).

In ad di tion to in clud ing these time-vary ing pre dic tors, our mod els com bine three 
strat e gies to ac count for po ten tial un ob served con found ers. First, we in tro duce 
CPUMA fixed ef fects to con trol for het ero ge ne ity in un mea sured fac tors, such as 

4 Summaries for the ARCOS sys tem are avail  able online (https:  /  /www  .deadiversion  .usdoj  .gov  /arcos  /
retail_drug_summary  /). These sum ma ries pro vide the to tal sales of each drug at the three-digit ZIP code 
lev el. The ZIP code–level in for ma tion was converted to PUMAs and then ag gre gated into CPUMAs us ing 
the same cross walks listed ear li er.
5 Government in come as sis tance encompasses any in come that the re spon dent re ceived dur ing the pre vi-
ous year such as Supplemental Security Income, AFDC, and gen eral as sis tance.
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so cial norms and val ues, geo graph i cal fea tures, and la bor mar ket char ac ter is tics that 
do not change over time and that af fect both opi oid abuse and fer til ity rates. Second, 
we also in clude year fixed ef fects to cap ture na tional trends in un ob served fac tors 
that may be as so ci ated with both the opi oid ep i demic and fer til i ty, such as mac ro-
eco nomic changes, that may not be cap tured by our time-vary ing con trols. Third, 
we in clude in ter ac tions be tween year in di ca tors and state dummy var i ables. These 
in ter ac tions cap ture state-spe cific trends in fac tors that may not be mea sured by our 
time-vary ing con trols and that might pre dict both fer til ity and opi oid mis use and 
abuse.6 After ac count ing for all  these po ten tial sources of confounding, and con trol-
ling for CPUMA-level time-vary ing con trols, our mod els rely on the remaining time-
var i a tion within CPUMAs to es ti mate the causal ef fect of the opi oid ep i dem ic.

Our ag gre gate mod els are weighted us ing the CPUMA pop u la tion size in 2000 to 
ob tain es ti ma tes that are rep re sen ta tive of the na tional av er age. We lag the ODR by 
two years in our birth rate mod els to cap ture the lo cal opi oid mis use con di tions dur-
ing the year prior to con cep tion. The CPUMA-level time-vary ing con trols are al ways 
mea sured one year be fore the ODR, so they are lagged by three years. These con trols 
are lagged by an ad di tional year rel a tive to the treat ment be cause it is im por tant that 
they strictly mea sure pre treat ment con di tions that may act as con found ers in stead of 
po ten tial me di a tors that are them selves caused by the treat ment. As de scribed lat er, we 
reestimated our main mod els us ing an al ter na tive lag struc ture as a ro bust ness check.

Individual-Level Analysis

We pool the one-year sam ples of the ACS for 2008–2016 (Ruggles et al. 2018) to 
as sem ble an in di vid u al-level data set of 1,014,955 nev er-mar ried White, Black, and 
His panic women aged 20–34 at the time of in ter view. Because the ACS be gan ask-
ing only in 2008 whether fe male house hold res i dents had ex pe ri enced a birth in the 
past 12 months, we limit our in di vid u al-level anal y sis to 2008–2016. We use these 
data to es ti mate lin ear prob a bil ity mod els in which hav ing a birth in the last year 
is the out come, and the ODR in the re spon dent’s CPUMA of res i dence is the main 
pre dic tor. We use to tal, race-/eth nic i ty-spe cifi c, male, and fe male ODRs as pre dic-
tors of in ter est. Black and His panic sub sam ples are re stricted to in di vid u als liv ing in 
CPUMAs where at least 15% of res i dents were of their same race/eth nic ity so that 
race-/eth nic i ty-spe cific ODRs can be re li ably es ti mat ed.

Because the out come mea sures the prob a bil ity of hav ing a birth in the pre vi ous 
12 months and we are in ter ested in cap tur ing any ex po sure to the opi oid ep i demic 
pre vi ous to the cor re spond ing preg nan cies, we lag the ODR by three years to cap-
ture the lo cal opi oid mis use con di tions dur ing the year prior to con cep tion. The 
CPUMA-level time-vary ing con trols were mea sured one year be fore the ODR. Our 
in di vid u al-level mod els al low us to as sess whether the ef fect of the opi oid ep i demic on 
the fer til ity of nev er-mar ried women varies by level of ed u ca tion as well as race and eth-
nic i ty. We es ti mate sep a rate mod els for White, Black, and His panic women with dif fer ent 
lev els of ed u ca tion who had never been mar ried. We de fine women as “more ed u cat ed” 

6 Because our con trols and pre dic tor of in ter est, the ODR, are mea sured at the CPUMA lev el, adding 
in ter ac tions be tween CPUMA and year in di ca tors is not fea si ble, given that it would sat u rate the mod el.
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if they had com pleted four years of col lege or more and as “less ed u cat ed” if they 
had an ed u ca tion level of up to some col lege. All in di vid u al-level mod els con trol 
for re spon dent’s age; num ber of own chil dren liv ing in the house hold (bi o log i cal, 
adopted, or stepchildren); in sur ance cov er age; whether they were born out side the 
United States; whether they lived in a house hold with in come be low the pov erty 
line; and for less-ed u cated re spon dents, whether they had com pleted high school. All 
these in di vid ual con trols were mea sured at the time of in ter view. The mod els also in-
clude all  the CPUMA-level time-vary ing con trols in cluded in the ag gre gate mod els. 
Finally, the mod els in clude CPUMA and year fixed ef fects as well as state-by-year 
in ter ac tions to ac count for time-in vari ant and time-vary ing un ob served het ero ge ne-
ity. All in di vid ual mod els use the ap pro pri ate sur vey weights to pro duce pop u la tion-
rep re sen ta tive es ti ma tes.

Assessment of Causal Mechanisms

We cre ate a se ries of ad di tional out come var i ables that al low us to ex am ine po ten tial 
causal mech a nisms or me di a tors linking the opi oid ep i demic to non mar i tal fer til i ty. 
First, to as sess whether the opi oid ep i demic has af fected fer til ity in gen eral or only 
non mar i tal fer til i ty, we es ti mate our mod els us ing mar i tal birth rates as an al ter na tive 
out come. Second, to as sess whether in creased bar ri ers to mar riage me di ate the re la-
tion ship be tween the opi oid ep i demic and non mar i tal fer til i ty, we es ti mate ad di tional 
mod els us ing mar riage rates as an out come. We cal cu late lo cal mar riage rates per 
1,000 un mar ried women us ing the one-year sam ples of the ACS. Because the ACS 
in tro duced the ques tion about whether re spon dents got mar ried dur ing the pre vi ous 
year in 2008, our anal y sis is re stricted to 2008–2016. Finally, to test whether the ef-
fect of the opi oid ep i demic is me di ated by eco nomic fac tors, we use in di vid u al-level 
data from the ACS one-year sam ples to es ti mate the as so ci a tion be tween the lo cal 
ODR in the pre vi ous year and three mea sures of eco nomic well-be ing, sep a rately for 
women and men: the prob a bil ity of be ing employed at the time of in ter view among 
re spon dents in the la bor force, the prob a bil ity of liv ing in a house hold with in come 
be low the pov erty line, and to tal house hold in come. We use lin ear mod els and re strict 
this anal y sis to nev er-mar ried women aged 20–34 and to nev er-mar ried men aged 20–
39 be cause the lat ter likely includes the group of ac tual and po ten tial male part ners 
for women in the spec i fied age group. As a ro bust ness check, we es ti mated mod els 
for nev er-mar ried men in the same age range used for women (20–34). In the an a ly-
ses for both mar riage rates and eco nomic in di ca tors, we lagged the ODR by one year 
and lo cal con trols by two years so that they were mea sured strictly be fore the ODR.

Results

Aggregate-Level Analysis

Table 1 shows weighted means for all  var i ables used in our ag gre gate anal y sis at the 
CPUMA-level for the pe riod 2000–2016. Differences in the race- and gen der-spe cific 
ODRs con firm that the opi oid ep i demic has been con cen trated among the non-His panic 
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White and male pop u la tions. The ODR due to the syn thetic opi oid fentanyl is much 
lower than the ODR due to other opi oids dur ing this pe ri od, which is partly explained 
by the fact that fentanyl was not in tro duced to the U.S. il licit drug mar ket un til 2013.

Table 2 shows weighted de scrip tive sta tis tics for nev er-mar ried women aged 
20–34 interviewed by the ACS, by race/eth nic ity and ed u ca tion level for the pe riod 
2008–2016. The av er age ODRs in the CPUMA in which women in this age group 
re sided vary sub stan tial ly: less- and more-ed u cated White and Black women are ex-
posed to the highest lo cal ODRs, whereas His panic women live in ar eas that are rel-
a tively less af fected by the opi oid ep i dem ic.

Models 1a–4b in Table 3 show the re sults of CPUMA fixed-ef fects mod els us ing 
the to tal, fe male, and male ODRs to pre dict non mar i tal birth rates while con trol ling for 
lo cal sociodemographic con di tions. Models 5a and 5b break down the ODR according 
to whether the deaths can be at trib uted to fentanyl and non-fentanyl opi oids. Models 
6a and 6b in clude the lo cal opi oid pre scrip tion rate as a pre dic tor. A model with and 
with out time-vary ing con trols is presented for each com bi na tion of mea sures of the 

Table 1 Descriptive sta tis tics of all  CPUMAs, 2000–2016

Mean SD

Fertility and Marriage Rates (per 1,000 wom en)
 Nonmarital birth rate 63.98 20.10
 Marital birth rate 167.93 36.52
 Marriage rate 64.87 32.16
Opioid Overdose Death Rates (ODRs) (per 100,000 pop u la tion)
 ODR 6.64 5.71
 Female ODR 4.46 4.03
 Male ODR 8.91 7.97
 Non-His panic White ODR 8.55 6.84
 His panic ODR 3.07 5.25
 Non-His panic Black ODR 4.93 9.43
 Fentanyl ODR 1.24 2.69
 Non-fentanyl ODR 5.39 4.10
Opioid Prescription Rates (grams per 100 pop u la tion)
 Prescribed mor phine rate 39.15 23.92
Sociodemographic Characteristics
 % With less than high school ed u ca tion 20.24 5.51
 % With high school ed u ca tion 57.56 8.20
 % With bach e lor’s de gree or more 22.20 10.72
 % Unemployed 8.97 3.72
 Average house hold in come 53.62 15.63
 % Receiving pub lic as sis tance 1.56 1.03
 % Non-His panic White 65.10 21.25
 % His panic 15.15 15.94
 % Non-His panic Black 12.57 12.30
 % Foreign-born 13.23 11.80
 Population per square mile 29.10 85.61
 Sex ra tio (men aged 25–39 per 1,000 women aged 20–34) 1,012.66 96.53
Number of Observations 18,190

Notes: Data were obtained from the National Vital Statistics System (NVSS 2018) and one-year sam ples 
of the Amer i can Community Survey (Ruggles et al. 2018). Marriage rate is avail  able only for 2008–2016 
(9,630 CPUMA-years).
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Table 2 Average char ac ter is tics of nev er-mar ried women aged 20–34 in the United States,  
by ed u ca tion lev el, 2008–2016

Less Educated More Educated

White Black His panic White Black His panic

Individual Characteristics (%)
 Had pre mar i tal birth last year 5.6 9.9 8.1 1.0 3.8 2.6
 Employeda 89.6 78.8 86.7 95.5 91.9 93.4
 Age
  20–24 59.3 45.5 51.8 32.8 23.7 29.6
  25–29 26.3 31.6 29.4 45.4 44.2 45.3
  30–34 14.3 22.9 18.8 21.9 32.1 25.1
 Education
  Less than high school 6.5 11.3 17.6 0.0 0.0 0.0
  High school 93.5 88.7 82.4 0.0 0.0 0.0
  College 0.0 0.0 0.0 100.0 100.0 100.0
 Foreign-born 3.2 5.9 31.2 5.1 10.1 22.2
 Number of own chil dren liv ing in 

house hold
  None 77.2 54.9 64.6 95.3 78.3 87.4
  One 13.6 20.5 16.4 3.4 14.7 8.5
  Two or more 9.3 24.6 19.0 1.2 7.0 4.1
 Has health in sur ance cov er age 78.6 72.5 61.5 91.2 84.1 81.4
 Household in come (in 

thou sands)b 50.5 31.1 43.1 70.9 52.7 64.4
 Lives in house hold with in come 

be low pov erty line 28.8 39.0 31.1 11.8 12.0 11.1
Opioid Overdose Death Rates 

(ODRs) in CPUMA (per 100,000 
pop u la tion)

 ODR 9.1 8.3 6.0 9.1 8.1 6.2
 Female ODR 6.4 5.5 4.0 5.9 5.2 3.9
 Male ODR 11.9 11.4 8.2 12.4 11.3 8.6
 Non-His panic White ODR 11.2 12.4 10.0 11.5 12.4 10.2
 His panic ODR 4.0 3.3 3.7 4.4 3.4 4.1
 Non-His panic Black ODR 6.4 5.2 5.2 7.4 5.5 5.5
 Fentanyl ODR 2.1 2.0 0.8 2.2 2.0 1.1
 Non-Fentanyl ODR 7.0 6.3 5.2 6.9 6.1 5.1
Opioid Prescription Rates in 

CPUMA (grams per 100 
pop u la tion)

 Prescribed mor phine rate 52.1 49.4 36.5 47.0 45.1 34.5
Sociodemographic Characteristics 

of CPUMA
 % With less than high school 

ed u ca tion 18.7 20.4 23.6 16.7 19.2 20.9
 % With high school ed u ca tion 58.6 57.8 56.1 51.7 54.8 53.3
 % With bach e lor’s de gree or 

more 22.7 21.9 20.3 31.6 26.1 25.8
 % Unemployed 9.7 12.7 10.9 8.9 11.7 10.1
 Average house hold in come (in 

thou sands) 261.7 253.5 206.3 272.9 247.6 214.6
 % Receiving pub lic as sis tance 1.5 1.8 1.8 1.5 1.7 1.7
 % Non-His panic White 71.5 49.8 37.3 63.6 46.1 36.1
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Less Educated More Educated

White Black His panic White Black His panic

 % His panic 12.2 13.3 42.6 15.1 15.5 41.8
 % Non-His panic Black 11.1 32.0 10.6 13.9 32.4 12.2
 % Foreign-born 10.5 13.2 27.5 15.1 16.7 29.6
 Population per square mile 15.5 54.4 69.5 60.1 80.6 104.9
 Sex ra tio (men aged 25–39 per 

1,000 women aged 20–34) 993.8 1,017.8 1,073.3 1,051.5 1,048.4 1,097.0
Number of Observations 462,970 117,398 130,849 253,360 25,985 24,393

Note: Data were obtained from the National Vital Statistics System (NVSS 2018) and one-year sam ples of 
the Amer i can Community Survey (Ruggles et al. 2018).
a Percentage among pop u la tion in the la bor force.
b Household in come is given in con stant 1999 dol lars.

Table 2 (continued)

opi oid ep i dem ic. All mod els in clude CPUMA fixed ef fects, year fixed ef fects, and state-
year in ter ac tions. The re sults in di cate a pos i tive and sta tis ti cally sig nifi  cant as so ci a tion 
be tween the lo cal ODR and higher non mar i tal birth rates. The co ef fi cients from the 
mod els with out lo cal con trols show that the as so ci a tion be tween the dif fer ent types of 
ODR and non mar i tal birth rates varies from 0.10 to 0.38. After lo cal con trols are in-
cluded in the mod els, the co ef fi cients are some what smaller but re main sta tis ti cally sig-
nifi  cant, suggesting that time-vary ing lo cal sociodemographic con di tions ex plain part 
of the as so ci a tion ob served in the mod els with no con trols. According to Model 1b, for 
ex am ple, ev ery in crease of 1 opi oid over dose death per 100,000 pop u la tion is as so ci-
ated with 0.17 more non mar i tal births per 1,000 un mar ried wom en.

Based on our cal cu la tions us ing vi tal sta tis tics da ta, opi oid over dose deaths in creased 
by 10 per 100,000 na tion ally be tween 2000 and 2016. This change cor re sponds to an 
in crease of ap prox i ma tely 1.7 non mar i tal births per 1,000 un mar ried wom en. This is 
a very siz able ef fect that rep re sents about 14% of the steep de cline in the non mar i tal 
birth rate ob served for women aged 20–34 be tween 2010 and 2016 in the United States. 
Thus, our find ings sug gest that the de cline in non mar i tal fer til ity ob served over the past 
de cade might have been even steeper had the opi oid ep i demic not oc curred.

We test the as so ci a tion be tween non mar i tal birth rates and fe male and male ODRs 
in sep a rate mod els, and then in clude both pre dic tors in the same model (Models 4a 
and 4b). We find that when both fe male and male ODR are in clud ed, only the fe male 
ODR has a sig nifi  cant ef fect on wom en’s non mar i tal fer til i ty. This find ing sug gests 
that opi oid mis use and abuse among women is an im por tant causal mech a nism link-
ing the opi oid ep i demic to in creased non mar i tal fer til i ty, pos si bly be cause it pro motes 
risky sex ual be hav iors and lower con tra cep tive use, whereas men’s opi oid use is not 
a rel e vant me di a tor.

Models 5a and 5b in Table 3, which break down the to tal ODR based on whether the 
deaths are re lated to fentanyl, show that al though the fentanyl-re lated ODR co ef fi cient 
is twice as large, only the co ef fi cient for the non-fentanyl ODR is sig nifi  cant af ter all  
con trols are in clud ed. When we in clude the fentanyl ODR and the non-fentanyl ODR 
sep a rate ly, their co ef fi cients are sig nifi  cant and only slightly larger than in the model 
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with both mea sures (re sults not shown), which sug gests that both the fentanyl-driven 
over dose deaths and over dose deaths in volv ing other types of opi oids are mea sur ing 
dif fer ent as pects of the opi oid ep i dem ic.

Models 6a and 6b in Table 3 in clude both the to tal ODR and the rate of pre scribed 
grams of mor phine per 100 pop u la tion as pre dic tors. Both the to tal ODR and the opi-
oid pre scrip tion rate in Model 6b are sig nifi  cantly as so ci ated with a higher non mar i tal 
birth rate. The co ef fi cient for the to tal ODR in Model 6b is only slightly smaller than 
in the model in which no other mea sures of the opi oid ep i demic are in cluded (Model 
1b). The co ef fi cient for pre scribed grams of mor phine sim i larly does not change in 
mag ni tude or sig nifi  cance when the to tal ODR is ex cluded from the model (re sults 
not shown). These find ings again sug gest that the to tal ODR and the opi oid pre scrip-
tion rate are also cap tur ing dif fer ent as pects of the opi oid ep i dem ic.

Table 4 shows anal o gous mod els predicting mar i tal birth rates. In con trast to the 
non mar i tal birth rate mod els, none of the ODR or opi oid pre scrip tion rate mea sures 
are sig nifi  cantly as so ci ated with mar i tal birth rates, re gard less of whether lo cal time-
vary ing con trols are in cluded in the mod els. The opi oid ep i demic there fore ap pears 
to have af fected fer til ity only for un mar ried wom en.

To ex am ine whether the opi oid ep i demic is re duc ing the pool of mar riage able 
part ners for lo cal wom en, we also test mod els us ing wom en’s mar riage rate as an out-
come. The re sults are shown in Table 5. Again, none of the ODR or opi oid pre scrip-
tion rate mea sures are sig nifi  cantly as so ci ated with the mar riage rate, which sug gests 
that the opi oid ep i demic is not in creas ing the bar ri ers to mar riage in af fected com mu-
ni ties.7 The opi oid ep i demic there fore ap pears to lead to higher non mar i tal fer til ity 
by in creas ing the num ber of births to un mar ried women rather than by de creas ing 
wom en’s prob a bil ity of mar riage. It fol lows that any mech a nisms linking the opi oid 
ep i demic with in creas ing non mar i tal fer til ity are op er at ing through changes in the 
sex ual or con tra cep tive be hav ior of un mar ried women and their sex ual part ners.

Robustness Checks

Although our an a ly ses use CPUMAs as the pri mary geo graphic unit, we also pre pared 
a coun ty-level data set to con duct a ro bust ness check of our main ag gre gate mod els. 
Our find ings in Tables 3 and 4 were rep li cated us ing coun ty-level data (see Table A1 
in the online ap pen dix). However, we pre fer our es ti ma tes based on CPUMA-level 
data be cause they guar an tee a crit i cal pop u la tion size per geo graphic unit and avoid 
vol a til ity in birth rates in very small counties. Using our CPUMA-level data set, we 
also rep li cated Tables 3 and 4 us ing the same lag for con trols as for the ODR and thus 
mea sur ing all  pre dic tors in year y – 2 (see Table A3 in the online ap pen dix). Results 
were nearly iden ti cal to those in Tables 3 and 4.

Although our main an a ly ses re strict the age range in birth rates and mar riage rates 
to women aged 20–34 to fa cil i tate the the o ret i cal in ter pre ta tion of our re sults, it is 

7 As a ro bust ness check, we es ti mated mod els us ing dif fer ent ODR mea sures to pre dict wom en’s prob-
a bil ity of mar riage in the last year, us ing in di vid u al-level data from our one-year ACS data set for years 
2008–2016. We es ti mated these mod els sep a rately by race/eth nic ity and ed u ca tion and found no sig nifi  cant 
as so ci a tion be tween the ODR mea sures and the prob a bil ity of mar riage in any sub group.
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worth not ing that our find ings are ro bust to expanding our sam ple to in clude women 
aged 15–19 (see Table A4 in the online ap pen dix) and to restricting the sam ple to only 
ad o les cent women (re sults not shown). Similarly, our re sults are ro bust to ex clud ing 
opi oid over dose deaths that were ruled as ho mi cides or sui cides from our es ti ma tes 
of the lo cal ODR (see Table A5 in the online ap pen dix).

To as sess whether our find ings were po ten tially gen er al iz able to over all drug abuse, 
we reestimated our mod els for non mar i tal birth rates us ing as the main pre dic tor the 
over dose death rate due to any type of drug with abuse po ten tial.8 These mod els show 
that an in crease in over all drug over dose deaths at the lo cal level in creases the non mar-
i tal birth rate among women aged 20–34 (see Table A2 in the online ap pen dix), which 
sug gests that the ef fects we iden tify are gen er al iz able to over all drug abuse. However, 
these re sults should be interpreted with cau tion. Unlike opi oids, abuse of some of these 
other sub stances en tails a lower risk of death, and thus their cor re spond ing over dose 
death rates are a less ap pro pri ate mea sure of the prev a lence of their use in a com mu ni ty.

Finally, we es ti mated sep a rate mod els by re gion, and for ur ban and ru ral CPU-
MAs, based on the per cent age of the pop u la tion liv ing in met ro pol i tan ar eas re leased 
by the Economic Research Service of the U.S. Department of Agriculture (USDA 
2016). These re sults sug gest that the opi oid ep i demic has had sim i lar ef fects on fam-
ily for ma tion in both ur ban and ru ral ar eas, and stron ger ef fects in the Ap pa la chian 
re gion (see Table A6 in the online ap pen dix).

Individual-Level Analysis

Table 6 shows three pan els with the main re sults from our in di vid u al-level lin ear 
prob a bil ity mod els for White, Black, and His panic nev er-mar ried wom en, re spec-
tive ly. All mod els in clude CPUMA and year fixed ef fects, and state-by-year in ter ac-
tions. Each panel in Table 6 pres ents sep a rate mod els for women with high and low 
ed u ca tion lev els. Model 1 in the first panel shows that for less-ed u cat ed, nev er-mar ried 
White wom en, a higher ODR sig nifi  cantly in creases the prob a bil ity of ex pe ri enc ing a 
birth in the pre vi ous year. Specifically, an in crease of 1 death per 100,000 due to opi-
oid over dose is as so ci ated with an in crease of 0.07 per cent age points in the prob a bil-
ity of hav ing a birth. According to the de scrip tive sta tis tics presented in Table 2, the 
av er age prob a bil ity that a less-ed u cated and nev er-mar ried White woman age 20–34 
will have a birth in a given year is 5.6%. Given that the ODR in creased by 10 per 
100,000 be tween 2000 and 2016, Model 1 sug gests that less-ed u cat ed, nev er-mar ried 
White women would have ex pe ri enced an in crease of 0.7 per cent age points in their 
prob a bil ity of hav ing a birth as a con se quence of the opi oid ep i demic through out this 
pe ri od. This rep re sents an in crease of about 13% in their av er age prob a bil ity of hav-
ing a baby dur ing the 2008–2016 pe ri od.

Increases in the White ODR and in the fe male ODR are also as so ci ated with sig nifi -
cant in creases in the prob a bil ity of ex pe ri enc ing a birth among less-ed u cat ed, nev er-
mar ried White women (Models 2 and 3, first panel of Table 6). Model 4 shows that 
the male ODR is pos i tively as so ci ated with the prob a bil ity of giv ing birth among 

8 We followed the CDC’s defi  ni tion of over all drug over dose deaths, which includes sub stances such as 
co caine, psychostimulants with abuse po ten tial, and opi oids (Scholl 2019).
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Table 7 Linear mod els with CPUMA fixed ef fects us ing to tal opi oid over dose death rates (ODRs) to 
pre dict be ing employed, house hold in come, and liv ing in a house hold with in come be low the pov erty 
line, by race/eth nic i ty, among nev er-mar ried less-ed u cated women and nev er-mar ried less-ed u cated men

Women Aged 20–34 Men Aged 20–39

Opioid ODR (per 
100,000 pop u la tion) in 
CPUMA (year y – 3) White Black His panic White Black His panic

Employed
 ODR 0.0001 0.0001 0.0012 −0.0003 −0.0002 0.0013
 [0.0003] [0.0008] [0.0013] [0.0003] [0.0010] [0.0011]
 CPUMA-level   

con trols (year y – 2) Yes Yes Yes Yes Yes Yes
 CPUMA fixed ef fects Yes Yes Yes Yes Yes Yes
 Year fixed ef fects Yes Yes Yes Yes Yes Yes
 State × Year fixed 

ef fects Yes Yes Yes Yes Yes Yes
Household Incomea

 ODR 2.9487 −11.9756 37.3391 −12.2588 −101.578 49.7555
 [35.0447] [72.5272] [136.8263] [32.1129] [72.0312] [123.2651]
 CPUMA-level con-

trols (year y – 2) Yes Yes Yes Yes Yes Yes
 CPUMA fixed ef fects Yes Yes Yes Yes Yes Yes
 Year fixed ef fects Yes Yes Yes Yes Yes Yes
 State × Year fixed 

ef fects Yes Yes Yes Yes Yes Yes
Living in a Household 

With Income Below 
Poverty Line

 ODR −0.0003 0.0006 0.0013 −0.0001 0.0017 0.0004
 [0.0005] [0.0010] [0.0014] [0.0003] [0.0013] [0.0010]
 CPUMA-level con-

trols (year y – 2) Yes Yes Yes Yes Yes Yes
 CPUMA fixed ef fects Yes Yes Yes Yes Yes Yes
 Year fixed ef fects Yes Yes Yes Yes Yes Yes
 State × Year fixed 

ef fects Yes Yes Yes Yes Yes Yes
Number of 

Observations 462,970 117,398 130,849 777,434 146,507 202,143

Notes: Analyses were re stricted to women aged 20–34 and men aged 20–39. Controls for in di vid ual char ac-
ter is tics in clude re spon dent’s age, num ber of own chil dren liv ing in the house hold (for wom en), and whether 
re spon dents were born out side the United States. For less-ed u cated re spon dents, we also con trol for whether 
they had com pleted high school. All these in di vid ual con trols were mea sured at the time of in ter view (year y). 
Controls for sociodemographic char ac ter is tics at the CPUMA level in clude the per cent age of the pop u la tion 
with less than a high school ed u ca tion; per cent age of the pop u la tion with a high school ed u ca tion; av er age 
house hold in come; the per cent age of the pop u la tion that is un em ployed; the per cent age that re ceives pub lic 
as sis tance in come; and the per cent ages non-His panic Black, His pan ic, and for eign-born. We also in cluded 
con trols for the pop u la tion den sity in the CPUMA (to tal pop u la tion per square mile) and the sex ra tio (num ber 
of men aged 25–39 per women aged 20–34). Local con trols were mea sured in year y – 2. Data were obtained 
from the one-year sam ples of the Amer i can Community Survey (Ruggles et al. 2018) and the National Vital 
Statistics System (NVSS 2018). Standard er rors, shown in brack ets, are clus tered by CPUMA.
a Household in come is given in 1999 con stant dol lars.
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nev er-mar ried wom en, but the mag ni tude of this co ef fi cient is less than one-half that 
of the fe male ODR in Model 2. When both the fe male and male ODR are in cluded 
as pre dic tors in Model 5, the mag ni tude of the fe male ODR co ef fi cient is al most the 
same as the mag ni tude of the to tal ODR in Model 1 and is still sig nifi  cant, whereas 
the male ODR has no sig nifi  cant as so ci a tion with the prob a bil ity of a birth. Consis-
tent with find ings from our ag gre gate-level mod els, the re sults of our in di vid u al-level 
mod els sug gest that the lo cal fe male ODR is a more im por tant pre dic tor of pre mar i tal 
fer til ity than the male ODR.

Models 6–10 in the first panel of Table 6 rep li cate the mod els discussed ear li er, 
but now for more-ed u cat ed, nev er-mar ried White wom en. The as so ci a tion be tween 
each of the ODR mea sures and the prob a bil ity of ex pe ri enc ing a birth is al ways non-
sig nifi  cant. The sec ond and third pan els in Table 6 show anal o gous lin ear prob a bil ity 
mod els for non-His panic Black and His panic nev er-mar ried wom en, re spec tive ly. 
None of the ODR mea sures are sig nifi  cant pre dic tors of the prob a bil ity of hav ing a 
birth in the pre vi ous year among His panic or Black women of any ed u ca tion lev el. 
Overall, our in di vid u al-level an a ly ses sug gest that the pos i tive as so ci a tion be tween 
the ODR and non mar i tal birth rates in the ag gre gate mod els is explained by births to 
White women with less ed u ca tion and that the fam ily for ma tion pat terns of this group 
are the most vul ner a ble to the opi oid ep i dem ic.9

Finally, to as sess whether the ef fect of the opi oid ep i demic on non mar i tal fer til ity 
may be me di ated by the eco nomic con se quences of the ep i dem ic, we es ti mate lin ear 
mod els in which in di vid u als’ em ploy ment sta tus, house hold in come, and whether 
they live in a house hold with in come be low the pov erty line are used as de pen dent 
var i ables. These mod els are re stricted to less-ed u cat ed, nev er-mar ried women and 
men be cause our find ings in di cate that they bear the greatest con se quences of the 
opi oid ep i demic in terms of dis rup tions in fam ily for ma tion pat terns.

The first three col umns in Table 7 show the re sults of the lin ear mod els for nev er-
mar ried women aged 20–34 by race/eth nic i ty. The next three col umns show mod els 
for nev er-mar ried men aged 20–39 by race/eth nic i ty. The ODR has a non sig nifi  cant 
ef fect on the prob a bil ity that White, Black, or His panic women are employed or live 
in a house hold with in come be low the pov erty line, and it also has a non sig nifi  cant 
ef fect on their reported house hold in come. The same is true for White, Black, and 
His panic men. Our find ings for men were rep li cated when the sam ple was re stricted 
to ages 20–34, which is the same age range used for the fe male sam ple (see Table A7 
in the online ap pen dix). These re sults do not sup port the hy poth e sis that the ef fects of 
the opi oid ep i demic on the non mar i tal fer til ity of women aged 20–34 are driven by 
changes in eco nomic con di tions.

Discussion

The opi oid ep i demic is one of the greatest pub lic health chal lenges fac ing the United 
States to day (Gladden et al. 2016; Kolodny et al. 2015). More than 11 mil lion peo ple 

9 As a ro bust ness check, we es ti mated anal o gous in di vid ual mod els us ing the prob a bil ity of hav ing a non-
mar i tal in stead of pre mar i tal birth as an out come and obtained nearly iden ti cal re sults (not shown).
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were es ti mated to mis use opi oids in 2017 (SAMHSA 2018). In the same year, 47,600 
in di vid u als died as a re sult of an opi oid over dose (Scholl et al. 2019), sur pass ing the 
num ber of deaths due to gun vi o lence and mo tor ve hi cle ac ci dents (CDC 2019c). A 
rap idly grow ing body of re search has documented trends in opi oid pre scrip tion, abuse, 
and deaths due to over dose (Guy et al. 2017; Kelly et al. 2008; Rigg et al. 2018; West 
et al. 2015). Studies have also found opi oid de pen dence to have pro found det ri men tal 
so cial and eco nomic ef fects for in di vid u als (Sansone et al. 2012; Scarpati et al. 2017; 
Scherrer et al. 2016; Terplan et al. 2015) and com mu ni ties (Birnbaum et al. 2011; Flor-
ence et al. 2016; Krueger 2017). However, lit tle is still known about the im pli ca tions 
of the opi oid ep i demic for fam ily for ma tion and child bear ing pat terns.

To our knowl edge, our study is the first to ex am ine the ef fect of the opi oid ep i-
demic on non mar i tal fer til ity in the United States. We found ro bust ev i dence in di-
cat ing that ar eas that have witnessed in creas ing opi oid abuse, as mea sured by lo cal 
opi oid ODRs and to tal pre scrip tions per cap i ta, have also ex pe ri enced an in crease in 
non mar i tal birth rates. According to our an a ly ses, the mag ni tude of the to tal in crease 
in non mar i tal births due to the opi oid ep i demic since 2000 is equiv a lent to about 14% 
of the steep de cline in non mar i tal birth rates ob served be tween 2010 and 2016 in the 
United States. Thus, our find ings sug gest that the de crease in non mar i tal fer til ity over 
the past de cade would have been greater had the opi oid ep i demic not oc curred. Find-
ings also sug gest that the in crease in non mar i tal births ob served be fore 2008 would 
have been lower in the ab sence of the opi oid ep i dem ic. Our re sults were con sis tent 
when we used dif fer ent ODR spec i fi ca tions and when we used opi oid pre scrip tion 
rates as pre dic tors. Given that opi oids are of ten undercounted as a cause of over dose 
deaths, our es ti ma tes are con ser va tive and plau si bly rep re sent a lower bound. Our 
main re sults were also rep li cated when we used counties in stead of CPUMAs as our 
pri mary geo graphic unit of ob ser va tion, when we ex panded our an a ly ses to a broader 
spec trum of re pro duc tive age women (15–34 years of age), and when we split the 
anal y sis according to dif fer ent ur ban i za tion lev els. Marital birth rates ap pear to be 
un af fected by the ep i dem ic, which in di cates that any rel e vant causal mech a nisms are 
pri mar ily influ enc ing un mar ried wom en, ei ther be cause they are dis pro por tion ately 
likely to be opi oid-de pen dent them selves (SAMHDA 2019) or be cause they might be 
more vul ner a ble to the ef fects of the opi oid ep i demic on fam i lies and com mu ni ties.

Our an a ly ses pro vide ev i dence that the ef fects of the opi oid ep i demic on non mar i tal 
fer til ity have been pri mar ily driven by less-ed u cated White wom en. By con trast, we 
found no ef fects among His panic or Black women of any ed u ca tion lev el. These re sults 
are con sis tent with the fact that the greatest in ci dence of opi oid over dose deaths has 
been con cen trated among non-His panic Whites (Shiels et al. 2018). Our find ings sug-
gest that the opi oid ep i demic has im por tant in ter gen er a tional im pli ca tions be cause opi-
oid use in creases the prob a bil ity that less-ed u cated women will have a non mar i tal birth, 
thus mak ing them and their chil dren more vul ner a ble to pov erty and fam ily in sta bil i ty.

Although our anal y sis does not al low us to es tab lish the ex act causal mech a nisms 
through which in creas ing lo cal opi oid use might lead to higher fer til ity rates among 
un mar ried wom en, our re sults pro vide dif fer ent de grees of sup port for po ten tial 
ex pla na tions. According to our find ings, the opi oid ep i demic does not ap pear to be 
af fect ing wom en’s prob a bil ity of mar riage due to a re duc tion in the marriageability 
of men. We found mar riage rates to be un af fected by opi oid over dose deaths and opi-
oid pre scrip tion rates. The in crease in non mar i tal fer til ity is there fore more likely to 
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be me di ated by changes in the sex ual and con tra cep tive be hav ior of un mar ried in di-
vid u als. We hy poth e sized that such changes were pos si bly in duced by mech a nisms 
such as in tox i ca tion, chang ing eco nomic con di tions, or be hav ioral and psy cho log i cal 
re sponses to the so cial dis rup tions brought about by the opi oid ep i dem ic.

We did not find ev i dence that supported chang ing eco nomic con di tions as a rel e-
vant me di at ing mech a nism. Past re search has dem on strated the harm ful con se quences 
that opi oid abuse may have for lo cal econ o mies by in creas ing un em ploy ment and 
re duc ing la bor force par tic i pa tion (Aliprantis et al. 2019; Harris et al. 2019; Krueger 
2017). Women may ad just their sex ual and con tra cep tive be hav ior to seek or avoid 
preg nancy as their op por tu nity costs change. However, we found that the in crease 
in the opi oid ODR was not as so ci ated with changes in the prob a bil i ties that nev er-
married women and men in the age groups stud ied (20–34 and 20–39, re spec tive ly) 
were employed, were liv ing be low the pov erty line, or had a lower house hold in come. 
It is pos si ble that our find ings on un em ploy ment dif fer from the afore men tioned stud-
ies be cause we re stricted our anal y sis to nev er-mar ried in di vid u als of a par tic u lar age 
group, whereas these stud ies an a lyzed out comes among a broad pop u la tion seg ment. 
However, given that pre vi ous stud ies in di cated a pos i tive as so ci a tion be tween lo cal 
eco nomic dis tress and opi oid abuse (Ghertner and Groves 2018; Hollingsworth et al. 
2017) and a neg a tive as so ci a tion be tween lo cal eco nomic dis tress and non mar i tal 
fer til ity (Schneider 2015), any time-vary ing eco nomic dis tress that remained un ac-
counted for in our mod els would cause us to un der es ti mate, rather than over es ti ma te, 
the mag ni tude of the pos i tive ef fect of opi oid abuse on non mar i tal child bear ing.

Because our anal y sis re lied on an ag gre gate-level in di ca tor of opi oid abuse, we 
can not dis en tan gle whether the in crease in non mar i tal fer til ity can be at trib uted to 
un mar ried wom en’s own opi oid use or to be hav ioral re sponses to other fam i ly- and 
com mu ni ty-level dis rup tions in duced by the opi oid ep i dem ic. The fact that only fe-
male ODRs had a pos i tive and sig nifi  cant ef fect on non mar i tal fer til ity sug gests that 
in tox i ca tion is a rel e vant chan nel through which the sex ual and con tra cep tive prac-
tices of un mar ried women are changed. But our find ing that the opi oid ep i demic 
also in creased ad o les cent non mar i tal fer til ity even though the ad o les cent ODR has 
remained flat and low over the ob ser va tion pe riod sug gests that the causal mech a-
nisms are not lim ited to wom en’s own in di vid ual opi oid use. Furthermore, based on 
the rate of de liv er ies to moth ers with opi oid use dis or der (Haight 2018), we es ti mate 
that births to opi oid-de pen dent women rep re sent less than one-third of the sur plus 
in non mar i tal fer til ity that can be at trib uted to the opi oid ep i demic according to our 
sta tis ti cal anal y sis.10 This sug gests that the opi oid ep i demic may have rip ple ef fects 

10 This cal cu la tion is based on the rates of de liv er ies to moth ers with opi oid use dis or der published by 
Haight (2018) and on the to tal num ber of births to un mar ried women aged 20–34 in 2014 (NVSS 2018). 
The 2013–2014 change in the num ber of births to moth ers with an opi oid-use dis or der per 1,000 hos pi tal 
de liv er ies was 0.8 (Haight 2018). Multiplying this num ber by the 1,233,979 births to un mar ried women 
aged 20–34 reg is tered in 2014 (NVSS 2018) re sults in an in crease of 987 births to moth ers with an opi oid-
use dis or der. In turn, our anal y sis pre dicts that be tween 2013 and 2014, the opi oid ep i demic caused about 
3,608 more non mar i tal births to women in this age group in just this par tic u lar year (pre dic tion based on 
Model 1b of Table 3, and on our es ti ma tion of the num ber of un mar ried women in the United States in 
2014, according to the cor re spond ing ACS one-year sam ple). This means that births to opi oid-de pen dent 
women rep re sent less than one-third of the sur plus in non mar i tal fer til ity that our mod els at tri bute to the 
opi oid ep i dem ic.
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that are mod i fy ing the sex ual and con tra cep tive be hav ior of less-ed u cated White 
un mar ried women in af fected com mu ni ties, re gard less of their own opi oid use. It is 
there fore plau si ble that less-ed u cated White women and their sex ual part ners are also 
chang ing their sex ual and con tra cep tive be hav iors in re sponse to dis rup tions to their 
so cial en vi ron ment, such as com mu nity vi o lence, in creased mor tal i ty, or loss of col-
lec tive ef fi ca cy. Future re search should fur ther as sess the causal mech a nisms linking 
the opi oid ep i demic with dis rup tions in fam ily for ma tion pat terns.

We ap plied mul ti ple strat e gies to pro duce es ti ma tes of the as so ci a tions be tween 
the opi oid ep i demic and the out comes of in ter est that rea son ably ap proach a causal 
in fer ence stan dard. We used lo cal area fixed ef fects, con trolled for na tional and 
state-specific trends, and in cluded a se ries of time-vary ing con trols cap tur ing changes 
in lo cal sociodemographic char ac ter is tics. The most nat u ral po ten tial con found ers—such 
as ed u ca tion, in sur ance cov er age, race/eth nic i ty, and level of ur ban i za tion—were con-
trolled in our mod els. However, we are un able to en tirely rule out the pos si bil ity of bias 
in tro duced by un ob served trends in other lo cal con di tions. We be lieve that our anal y-
sis pro vi des a rea son able ap prox i ma tion to the causal ef fects of the opi oid ep i dem ic. 
Future re search should con tinue to ex plore the spe cific causal ef fects of the opi oid 
ep i demic and the mech a nisms that link it to fam ily for ma tion pat terns. ■
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