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The Opioid Epidemic and Nonmarital Childbearing in the United 
States, 2000-2016

Mónica L. Caudillo*,
Department of Sociology, University of Maryland, College Park, 2112 Parren Mitchell Art
Sociology Building, 3834 Campus Dr., College Park, MD 20742

Andrés Villarreal
Department of Sociology, University of California, Los Angeles, 264 Haines Hall, 375 Portola 
Plaza Los Angeles, CA

Abstract

The U.S. has experienced a dramatic rise in opioid addiction and opioid-overdose deaths in recent 

years. We investigate the effect of the opioid epidemic at the local level on nonmarital fertility 

using aggregate- and individual-level analyses. Opioid-overdose death rates and prescriptions per 

capita are used as indicators of the intensity of the opioid epidemic. We estimate area-fixed effects 

models to test the effect of the opioid epidemic on nonmarital birth rates obtained from vital 

statistics for the years 2000-2016. We find an increase in nonmarital birth rates in communities 

that experienced a rise in opioid-overdose deaths and higher prescription rates. Our analyses also 

show that the local effect of the opioid epidemic is not driven by a reduction in marriage rates, and 

that marital birth rates are unaffected. Individual-level data from the ACS 2008-2016 are then used 

to further assess the potential causal mechanisms and to test heterogeneous effects by education 

and race-ethnicity. Our findings suggest that the opioid epidemic increased nonmarital birth rates 

through social disruptions primarily affecting unmarried women, but not through changes in their 

economic condition.
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The opioid epidemic is one of the greatest public health challenges facing the United 

States today (Gladden et al., 2016; Kolodny et al., 2015). According to the Substance 

Abuse and Mental Health Services Administration, more than 11 million people misused 

some type of opioid in 2017, accounting for nearly 5% of the total population aged 12 

or older (SAMHSA, 2018). The rate of deaths due to opioid overdose has increased by 

200 percent since 2000 (Rudd et al., 2016). This dramatic uptake was initially fueled 
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by changes in medical prescription practices (Dasgupta et al., 2018; Kenan et al., 2012). 

Beginning in the late 1990s restrictions on the use of opioids for the treatment of chronic 

pain were substantially curtailed as pharmaceutical companies led campaigns to make opioid 

prescriptions a more acceptable strategy for pain management (Vadivelu et al., 2018). 

Because of the addictive nature of opioids, this large-scale change in treatment practices 

resulted in a sharp rise in the rate of abuse and misuse. The increase in prescription opioids 

also contributed to a growth in the use of illicit opioids such as heroin, particularly after 

2010 (Cicero et al., 2014; Kolodny et al., 2015; Vadivelu et al., 2018). The introduction of 

fentanyl to the U.S. illicit drug market in 2013 further accelerated the growth in the number 

of deaths attributed to opioid overdose.

Previous studies have found that opioid-dependence has profound detrimental effects on 

the lives of affected individuals (Sansone et al., 2012; Scarpati et al., 2017; Scherrer et al., 

2016; Terplan et al., 2015), and that drug addiction has the potential to disrupt social and 

economic conditions at the family- and community-levels (Birnbaum et al. 2011; Copello, 

Templeton, and Powell 2010; Krueger 2016). However, despite a growing body of research 

assessing the health-related causes and consequences of opioid misuse, we still know little 

about its effect on family formation and childbearing patterns in the United States in general, 

and on nonmarital fertility in particular. Assessing the effects of the opioid epidemic on 

nonmarital fertility is key to understanding the social and intergenerational repercussions 

of the opioid epidemic because unmarried mothers and their children are particularly 

vulnerable to poverty and economic hardship (McLanahan & Kelly, 2006).

The opioid epidemic may affect nonmarital fertility through multiple channels. Compared to 

their married counterparts, unmarried women are more likely to misuse opioids (SAMHDA, 

2019), and opioid-dependence has been linked to a higher risk of unintended pregnancy and 

to a greater unmet need for contraception (Terplan et al., 2015). Opioid-dependent men are 

more likely to become perpetrators of intimate partner violence (IPV) (Moore et al., 2011). 

IPV has in turn been shown to decrease women’s contraceptive access and use (Gee et al., 

2009). Drug dependence is linked to loss of work productivity and employment instability 

(Hasselt et al., 2015; Sansone et al., 2012), to higher probability of involvement in criminal 

activities (Bennett et al., 2008; Lo & Stephens, 2002), and to higher risk of incarceration 

(Kopak et al., 2014).

These factors are all negatively associated with men’s perceived suitability as long-term 

partners (Lopoo & Western, 2005; Smock et al., 2005). Opioid use among men may 

therefore decrease the availability of marriageable partners, thereby potentially contributing 

to an increase in nonmarital fertility through a decrease in marriage opportunities for 

women.

At the community level, the opioid epidemic has been shown to reduce labor force 

participation rates (Krueger, 2016). Deteriorating economic conditions triggered by a rise 

in opioid abuse may contribute to a decline in childbearing since negative economic shocks 

have been linked to lower birth rates (Schneider, 2015). The opioid crisis may also alter 

fertility rates at the community level by increasing mortality (Nobles et al., 2015) and 

criminal violence (Carter et al., 2018). Violent crime and the visible presence of drug users 
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and dealers has the potential to erode social cohesion and collective efficacy (Harding 2009; 

Markowitz et al. 2001). Exposure to violent environments, increased local mortality, and 

lower collective efficacy have in turn been linked to changes in the timing of the transition 

to motherhood and to a higher probability of experiencing a nonmarital birth (D. J. Harding, 

2009; Johns, 2011; Nobles et al., 2015).

In this paper we assess the impact of the local opioid epidemic on nonmarital fertility among 

young women of reproductive age. Our analysis covers the years 2000 to 2016, which 

encompass three distinctive stages of the opioid epidemic: an initial stage in which increased 

opioid use was driven by prescription drugs (2000-2010), a second stage characterized by 

a rise in heroin addiction (2011-2013); and a third stage marked by the growth of synthetic 

opioids (2014-2016). Our analytical strategy involves both aggregate- and individual-level 

analyses to estimate the effect of local opioid-overdose death rates (ODRs) on nonmarital 

birth rates and on the probability of having a birth among never married women. We explore 

differences in the effect of the opioid epidemic on the fertility of never married women of 

different race-ethnicity and level of education. To better understand the mechanisms linking 

the opioid epidemic to nonmarital fertility, we also assess its effects on potential mediators, 

such as marriage rates and employment. In the following sections we first review the 

sociodemographic patterns of the opioid epidemic. We then discuss the possible mechanisms 

through which changes in local opioid misuse may affect nonmarital fertility.

The Opioid Epidemic in the United States

Approximately 11.4 million people were misusing opioids in the United States in 2017 

(SAMHSA, 2018), accounting for nearly 5% of the total population aged 12 or older. 

Increasing misuse and abuse of opioids in the last two decades have led to staggering death 

rates. Between 1999 and 2017, approximately 400,000 people died as a result of an opioid 

overdose (Scholl et al., 2019). In 2017, more individuals died from opioid overdose than 

due to gun violence or motor vehicle accidents (CDC, 2019c). Mortality rates due to opioid 

overdose vary significantly geographically and across demographic groups. Figure 1 shows 

county-level opioid-overdose death rates in 2000-2003 and 2014-2016. Although opioid 

overdose deaths were high in both the eastern and western parts the country by 2014-2016, 

they increased more dramatically in the East, particularly in counties within the Appalachian 

region. According to our own calculations using restricted vital statistics data (NVSS, 2018), 

the rise in the opioid-overdose death rate has been highest among older adults aged 25 and 

over, followed by those aged 20-24. By contrast, the overdose deaths for adolescents have 

remained low and flat since 2000.

The rate of death due to opioid overdose is especially high among non-Hispanic whites. 

As shown in Figure 2, non-Hispanic whites experienced the sharpest increase in the ODR 

during the initial phase of the epidemic when deaths were driven by prescription opioids. 

The ODR for blacks remained stable until 2010 when the opioid mortality rate for whites 

was twice as high as that for blacks (Alexander et al., 2018). Racial disparities in the ODR 

during this period partly reflect differences in health insurance coverage, which initially 

made opioid pain relievers more accessible to whites (Hansen 2016), and to biases against 

minority patients in the prescription of opioid pain medications (Singhal, Tien, and Hsia 
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2016). However, after 2010 the ODR for both blacks and whites increased sharply, now 

driven by heroin use and, more recently, by the use of synthetic opioids such as fentanyl 

(Alexander et al., 2018). The ODR for Hispanics has been comparatively lower for most of 

the time period, but has started to increase in recent years (Shiels et al., 2018).

Finally, the opioid epidemic has also had a differential effect by gender. As shown in Figure 

3, the ODR for men is considerably higher than that for women during the entire time 

period. However, rates of opioid dependence and overdose have been rising rapidly among 

women (Ho, 2017; Mazure & Fiellin, 2018; McHugh et al., 2013). Women are more likely 

to receive an opioid prescription to manage pain, to be prescribed higher doses, and to use 

opioids for longer periods than men (CDC, 2013). A study of opioid-dependent women and 

men found that women become dependent more quickly (Back et al., 2011). Closely related 

to the uptake in opioids misuse among women, the rate of deliveries to women with an 

opioid-use disorder quadrupled between 1999 and 2014 (Haight, 2018).

Individual, Family, and Community Level Effects of Substance Use 

Disorders

The opioid epidemic may affect the proximate determinants of fertility—sexual activity 

and contraceptive use—through several direct and indirect channels. Studies using small 

samples of women enrolled or screened to enroll in opioid treatment programs have found 

that more than 80% of the pregnancies among this population group were unintended 

(Black et al., 2012; Heil et al., 2011). This is about twice the share of pregnancies that are 

unintended among the overall population (Guttmacher Institute, 2019). The high prevalence 

of unintended pregnancies among opioid-dependent women appears to be driven by a higher 

probability of risky sexual activity. Previous studies have found that opioid-dependent 

women have low rates of contraceptive use (Black et al., 2012), and low probabilities 

of using more effective contraceptive methods such as the hormonal pill, compared to 

non-dependent women (Cornford et al., 2015; Terplan et al., 2015). Qualitative evidence 

from interviews with opioid-dependent women in the United Kingdom suggests that one of 

the reasons for failing to use contraception is a low perceived risk of pregnancy, and that 

opioid-dependent women often welcome motherhood as an opportunity to control their drug 

use (C. Harding & Ritchie, 2003). In addition, Black et al. (2012) found that among the 

sexually active opioid-dependent women they interviewed, more than 30% reported having 

had sex in exchange for money or drugs, and 44% reported having had sex while intoxicated 

in the last year. According to the 2017 National Survey on Drug Use and Health, 73% of 

female adult respondents who reported suffering from opioid dependence or abuse in the 

previous year were unmarried, compared to 54% of non-dependent respondents (SAMHDA, 

2019). To the extent that unmarried women are overrepresented among opioid abusers, the 

opioid epidemic may disproportionately increase nonmarital fertility.

Previous research also shows that opioid-dependent men are more likely to engage in sexual, 

physical, and psychological violence against their partners (Moore et al., 2011). Intimate 

partner violence has in turn been shown to decrease women’s contraceptive access and use 

(Gee et al., 2009). Women who fear violence from their partner are at a disadvantage when 
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negotiating condom use, and are more vulnerable to forced sex, reproductive coercion, and 

birth control sabotage (Bergmann & Stockman, 2015). Thus, women’s victimization due to 

their partners’ opioid use may increase their risk of an unintended pregnancy. Moreover, 

because unmarried women who are cohabiting are at higher risk of experiencing intimate 

partner violence compared to their married counterparts (Manning et al., 2018), the effect of 

opioid use due to IPV may be higher on nonmarital fertility.

In addition to directly affecting the proximate determinants of fertility, such as contraceptive 

use and sexual activity, opioid misuse and abuse can potentially influence nonmarital 

fertility through more indirect channels, such as employment instability and criminal 

activity. Opioid abuse and misuse have been linked to greater workplace absenteeism 

(Birnbaum et al., 2011; Hasselt et al., 2015; Inocencio et al., 2013). Employees who abuse 

prescription drugs are more likely to miss days of work, which reduces overall productivity, 

strains work relations, and increases costs for employers (Hasselt et al., 2015). Abuse of 

prescription medications has also been linked to unstable employment trajectories, and 

a greater probability of being fired (Sansone et al., 2012). A long line of research has 

shown that a lack of financial resources, primarily among men, is an important reason why 

unmarried couples decide to postpone or forego marriage (Gibson-Davis et al., 2005; Smock 

et al., 2005). Employment instability among men may reduce the likelihood of marriage, 

thereby increasing the time that sexually active women spend being at risk of a nonmarital 

pregnancy (South & Lloyd, 1992).

Opioid-dependent individuals are also at higher risk of committing criminal offenses and 

becoming involved with the criminal justice system (Bennett et al., 2008). Criminal activity 

is often used as a way to obtain drugs for personal use (Lo & Stephens, 2002). The stigma 

attached to a criminal background reduces individuals’ marriageability (Lopoo & Western, 

2005; Van Schellen et al., 2012). As in the case of employment instability, an increase in 

the population with a criminal background may reduce the pool of marriageable partners 

in affected communities, thereby deterring women from getting married without necessarily 

reducing or postponing their fertility.

The consequences of the opioid epidemic are not limited to individuals with opioid use 

disorders. Family members who do not abuse opioids themselves may nevertheless lose 

working hours due to the time burden of caring for an opioid-dependent relative (Copello 

et al., 2010). Compared to non-abusing patients, the healthcare excess costs for patients 

suffering from opioid overdose or poisoning, abuse, and dependence range from $18,000 to 

$44,000 dollars over the immediate two-year period after diagnosis (Scarpati et al., 2017). 

The families of opioid-dependent individuals may suffer economically as a result of these 

unexpected healthcare expenses.

The negative economic effects of the opioid epidemic may also have community-level 

implications. Several studies have found that areas with higher opioid prescription rates have 

experienced reductions in labor force participation and increases in unemployment among 

women and men (Aliprantis et al., 2019; Harris et al., 2019; Krueger, 2016). Local level 

unemployment and poverty rates have been shown to be spatially correlated with the ODR 

(Ghertner & Groves, 2018). The negative economic shocks caused by the opioid epidemic 
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may contribute to greater economic uncertainty at the household- and community levels. 

Economic uncertainty has in turn been linked to reductions and delays in fertility for women 

of any marital status (Cherlin et al., 2013; Schneider, 2015; Schneider & Hastings, 2015).

Finally, other disruptions in the social environment induced by the opioid epidemic may 

cause behavioral and psychological responses among individuals, which may lead to 

changes in their sexual activity and contraceptive behavior. Past studies have shown that 

neighborhoods with high illicit drug-market activity promote social environments where 

other disorderly conduct such as prostitution, gambling, and public drunkenness also take 

place (Weisburd and Mazerolle 2000). Together, these transgressions can create widespread 

fear among community members, and consequently reduce social cohesion and collective 

efficacy (LaGrange et al., 1992; Markowitz et al., 2001). Lower neighborhood collective 

efficacy is in turn associated with higher nonmarital teenage fertility in some types of 

neighborhoods (Way et al., 2006). Opioid-drug activity has also been shown to be spatially 

correlated with violent crime (Carter et al., 2018), and neighborhood violence has been 

linked to a greater probability of adolescent pregnancy, possibly due to the psychological 

distress caused by a greater perceived risk of victimization and uncertainty about the 

future (D. J. Harding, 2009; Johns, 2011). Previous studies have documented that women 

increase their fertility and accelerate family formation if they perceive a dramatic increase 

in mortality in their communities (Nobles et al., 2015). Having an opioid-dependent family 

member may also induce depression (Ray et al., 2009), which has been associated with 

contraceptive inconsistency (Hall et al., 2013).

To summarize, the opioid epidemic may affect nonmarital fertility through several channels. 

Opioid abuse is linked to lower and inconsistent contraceptive use and greater probability 

of engaging in risky sex. Because unmarried women are more likely to abuse opioids 

than their married counterparts, these mechanisms are likely to disproportionately increase 

nonmarital fertility. Opioid-dependence is also associated with employment instability, 

criminal involvement and incarceration, which may reduce the availability of male 

marriageable partners, thereby increasing the risk of a nonmarital birth among unmarried 

women. Finally, the opioid epidemic may bring about community-level economic decline, 

social disorder, and higher violent victimization rates. Regardless of their opioid use or 

marital status, women may change their sexual activity and contraceptive use to reduce their 

fertility in response to economic uncertainty, but may also increase it in response to reduced 

collective efficacy and increased violence and social disorder. In the analysis below we test 

the association between opioid use at the local level and marital and nonmarital birth rates. 

To specifically assess whether the effect of the opioid epidemic on fertility is mediated by 

increased barriers to marriage, we also test its effect on local marriage rates. Beyond being 

a potential causal mechanism linking the opioid epidemic to family formation patterns, 

changes in socioeconomic status and local economic conditions can precede both of these 

phenomena and act as a confounder instead (Case & Deaton, 2015; Ghertner & Groves, 

2018; Hollingsworth et al., 2017; Monnat, 2019). Our analytical strategy will incorporate 

several strategies to account for this and other potential sources of confounding.
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Data and Methods

Aggregate-level Analysis

We use vital statistics records for the years 2000-2016 to compute nonmarital birth rates per 

1,000 women for each Consistent Public Use Microdata Area (CPUMA) and year (NVSS 

2018). CPUMAs are the smallest geographical units that can be identified consistently over 

time from census microdata samples. They are defined based on the aggregation of PUMAs1 

(Ruggles et al., 2019a). Because vital statistics records are only available at the county level, 

we converted the county-level information into CPUMAs.2 Each CPUMA encompasses 

territories of at least 100,000 residents (Ruggles et al., 2019a). Using CPUMAs instead of 

counties as the unit of analysis avoids volatile and unreliable minority ODRs due to very 

small subpopulation sizes. Because CPUMAs can be geographically smaller than counties, 

we sometimes had to assign the same county-level ODR to all the CPUMAs included within 

the same county. To account for CPUMAs that are not independent within counties, all of 

our models cluster standard errors by county. As a robustness check, we replicated our main 

models using counties as units of analysis instead of CPUMAs (see Table A1 in Online 

Appendix) and reached the same conclusions.

Our final dataset comprises 18,190 CPUMA-years. We focused on births to women aged 

20-34, because we are primarily interested in nonmarital childbearing, and women who 

experience nonmarital childbearing have a high probability of transitioning to motherhood 

by age 35 (England, Shafer, and Wu 2012, Driscoll et al. 2017). We excluded adolescent 

women from our analyses because adolescents have been the age group least affected by the 

opioid epidemic, and have had low opioid-overdose death levels and a flat trend since 2000.

Vital statistics records are based on data from birth certificates, which collect information 

about mother’s age and marital status at the time of birth. We used this information to 

calculate the total number of nonmarital births for women aged 20-34, for each CPUMA

year. Although the U.S. Census Bureau computes yearly local population estimates, it does 

not make them available by marital status. For this reason, the age-specific population 

estimates of married and unmarried women in each CPUMA-year used as denominators in 

our birth rates were obtained from the 1-year samples of the American Community Survey 

(ACS) and from the 5-percent sample of the 2000 census (Ruggles et al., 2018). Such values 

were available for years 2000, and 2005-2016, and were interpolated for years 2001-2004.

We use opioid-overdose death rates to approximate the degree of opioid abuse in a 

community. ODRs in each county and year are estimated using data from death certificates 

compiled in restricted-use vital statistics files. Using the ODR to approximate opioid misuse 

and abuse at the local level has several advantages, such as not relying on personal accounts, 

1Each PUMA may encompass multiple counties in areas of low population density, or form part of a county in more densely 
populated areas, but never cross state boundaries (Ruggles et al., 2019b).
2The county-level information was first converted into PUMAs and then aggregated into CPUMAs. The conversion from counties 
to PUMAS was based on the crosswalks available from the Geographic Correspondence Engine of the Missouri Census Data 
Center (2016) (http://mcdc.missouri.edu/applications/geocorr2014.html). The aggregation of PUMAs into CPUMAs was based on the 
crosswalk provided by the Minnesota Population Center’s Integrated Public Use Microdata Series (IPUMS) (https://usa.ipums.org/usa/
volii/pumas10.shtml). It is necessary for us to conduct our analysis at the CPUMA level because the boundaries for PUMAs changed 
during the period of study. We excluded from our sample 8 CPUMAs in the state of Colorado that contain portions of counties whose 
boundaries changed over time in ways that make it difficult to map into distinct CPUMAs.
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which may be subject to underreporting. ODRs also capture deaths due to overdose by 

both prescription and illegal opioids. An additional advantage of using overdose deaths to 

approximate the strength of the opioid epidemic is that they specifically allow us to produce 

estimates for different sociodemographic groups and different types of opioids, including 

illicit ones. Other recent studies have used the local ODRs as a measure of the strength of 

the opioid epidemic (Carter et al., 2018; Ho, 2017; Rigg et al., 2018). We calculated separate 

ODRs per 100,000 for the entire population, and for each gender and ethnoracial category 

of the deceased. To differentiate overdose deaths involving fentanyl from those that did not, 

we also constructed an ODR that included only deaths that involved synthetic opioids, and 

a separate ODR that excluded overdose deaths in which a synthetic opioid was listed among 

the multiple causes of death. Particularly after 2013, overdose deaths involving synthetic 

opioids have been primarily driven by fentanyl (O’Donnell et al., 2017). Thus, for simplicity, 

we will refer to our synthetic-opioid overdose category as fentanyl-related overdose deaths.

We follow the CDC guidelines for identifying fatalities due to opioid overdoses (Seth 

et al., 2018). Deaths with underlying causes X40–44 (unintentional), X60–64 (suicide), 

X85 (homicide), or Y10–Y14 (undetermined intent) were included if the multiple causes 

were: opium (T40.0), heroin (T40.1), natural/semisynthetic opioids (T40.2), methadone 

(T40.3), synthetic opioids other than methadone (T40.4); and other and unspecified narcotics 

(T40.6).3 Following CDC guidelines, we identified deaths due to fentanyl and other 

synthetic opioids by only selecting cases where the multiple cause identified was T40.4 

(synthetic opioids other than methadone) (O’Donnell et al., 2017). We used county-year 

population estimates from the U.S. Census Bureau by age and sex to compute denominators 

for each county and year. To calculate race-specific ODRs, we used the NCHS bridged 

population estimates for Non-Hispanic Blacks, Non-Hispanic Whites, and Hispanics as 

denominators (CDC, 2019b). We converted these variables to CPUMA-years as described 

above.

Although ODRs capture overdose deaths due to any type of opioid, regardless of whether it 

is sold legally, they may disproportionately reflect the most extreme cases of opioid abuse 

and misuse. To conduct a robustness check of our analyses using a measure that may capture 

less extreme forms of opioid misuse, we estimated models using the quantity of opioids 

prescribed per person and year in each CPUMA. Because ODRs since 2010 have been 

mostly driven by heroin and fentanyl use (Vadivelu et al., 2018), the amount of prescribed 

opioids in a community is likely to capture patterns of misuse and dependence that may 

not always lead to death by overdose. We obtained information regarding the total amount 

of sales of the two leading opioid prescription medications (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 total sales 

of both medications were converted into equivalent grams of morphine using the CDC’s 

morphine milligram equivalent (MME) conversion table (CDC, 2019a). We then divided 

3See for example: https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm
4Summaries for the ARCOS system are available online
(https://www.deadiversion.usdoj.gov/arcos/retail_drug_summary/). These summaries provide the total sales of each drug at the 3-digit 
zip code level. The zip code-level information was converted to PUMAs and then aggregated into CPUMAs using the same crosswalks 
listed above.
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the total grams of morphine by the total population (per 100 residents). Opioid prescription 

rates are particularly effective in capturing the initial phase of the opioid epidemic that 

was driven mostly by prescription opioids. However, compared to the ODR, they are a less 

accurate measure of the opioid epidemic in later years. In addition, unlike the ODR, opioid 

prescription rates cannot be calculated specifically by gender or race-ethnicity, and do not 

capture the use of opioids such as heroin or black-market fentanyl.

For these reasons, we rely on the local ODR (total, by sex, and by type of opioid) as 

our primary predictor, and use the prescription rates only as an additional measure to 

check the robustness of our findings. Our models include a series of time-varying CPUMA

level controls obtained from the 1-year samples of the American Community Survey: 

the percentage of the population with and without completed high school, the percentage 

that is unemployed, the percentage receiving government income assistance5, the average 

household income, and the percentage that is non-Hispanic black, Hispanic, and foreign 

born. We also control for the population density in the CPUMA (defined as the total 

population per square mile), and the sex ratio (number of men aged 25-39 per 1,000 women 

aged 20-34). In addition to including these time-varying predictors, our models combine 

several strategies to account for potential unobserved confounders. First, we introduce 

CPUMA fixed effects to control for heterogeneity in unmeasured factors such as social 

norms and values, geographical features, and labor market characteristics that do not change 

over time and that affect both opioid abuse and fertility rates. Second, we also include 

year fixed effects to capture national trends in unobserved factors that may be associated 

with both the opioid epidemic and fertility, such as macroeconomic changes, that may 

not be captured by our time-varying controls. Third, we include interactions between year 

indicators and state dummy variables. These interactions capture state-specific trends in 

factors that may not be measured by our time-varying controls and that might predict both 

fertility and opioid misuse and abuse.6 After accounting for all of these potential sources 

of confounding, and controlling for CPUMA-level time-varying controls, our models rely 

on the remaining time-variation within CPUMAs to estimate the causal effect of the opioid 

epidemic.

Our aggregate models are weighted using the CPUMA population size in 2000, to obtain 

estimates that are representative of the national average. We lagged the ODR by two years 

in our birth rate models to capture the local opioid misuse conditions during the year prior 

to conception. The CPUMA-level time-varying controls are always measured a year before 

the ODR, so they are lagged by three years. These controls are lagged by an additional 

year relative to the treatment because it is important that they strictly measure pre-treatment 

conditions that may act as confounders, instead of potential mediators that are themselves 

caused by the treatment. As will be described below, we re-estimated our main models using 

an alternative lag structure as a robustness check.

5Encompasses welfare income that the respondent received during the previous year, such as social security income, AFDC, and 
general assistance.
6Because our controls and predictor of interest, the ODR, are measured at the CPUMA level, adding interactions between CPUMA 
and year indicators is not feasible, since it would saturate the model.
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Individual-level Analysis

We pooled the 1-year samples of the ACS for the years 2008-2016 (Ruggles et al. 2018) to 

assemble an individual-level dataset of 1,014,955 never married white, Black, and Hispanic 

women aged 20-34 at the time of interview. Because the ACS only started asking whether 

female household residents had experienced a birth in the past 12 months in 2008, we 

limited our individual-level analysis to the years 2008-2016. We used these data to estimate 

linear probability models where having a birth in the last year is the outcome, and the ODR 

in the respondent’s CPUMA of residence is the main predictor. We use total, race-specific, 

male, and female ODRs as predictors of interest. Black and Hispanic subsamples were 

restricted to individuals living in CPUMAs where at least 15% of residents were of their 

same race-ethnicity, so that race-specific ODRs could be reliably estimated.

Because the outcome measures the probability of having a birth in the previous 12 months, 

and we are interested in capturing any exposure to the opioid epidemic previous to the 

corresponding pregnancies, we lagged the ODR by three years in order to capture the 

local opioid misuse conditions during the year prior to conception. The CPUMA-level 

time-varying controls were measured a year before the ODR. Our individual-level models 

allow us to assess whether the effect of the opioid epidemic on the fertility of never 

married women varied by level of education, and race and ethnicity. We estimated separate 

models for white, black, and Hispanic women with different levels of education who had 

never been married. We defined women as “more educated” if they had completed four 

years of college or more, and “less educated” if they had up to some college. All of our 

individual-level models control for respondent’s age, number of own children living in the 

household (biological, adopted, or step-children), insurance coverage, whether they were 

born outside the U.S., whether they lived in a household with income below the poverty 

line, and for less educated respondents, whether they had completed high school. All of 

these individual controls were measured at the time of interview. The models also include 

all of the CPUMA-level time-varying controls included in the aggregate models. Finally, the 

models include CPUMA and year fixed effects, and state by year interactions, to account 

for time-invariant and time-varying unobserved heterogeneity. All individual models use the 

appropriate survey weights to produce population-representative estimates.

Assessment of Causal Mechanisms

We created a series of additional outcome variables that allowed us to examine potential 

causal mechanisms or mediators linking the opioid epidemic to nonmarital fertility. First, to 

assess whether the opioid epidemic has affected fertility in general, or only nonmarital 

fertility, we estimated our models using marital birth rates as an alternative outcome. 

Second, to assess if increased barriers to marriage mediate the relationship between the 

opioid epidemic and nonmarital fertility, we estimated additional models using marriage 

rates as an outcome. We calculated local marriage rates per 1,000 unmarried women using 

the 1-year samples of the ACS. Because the ACS introduced the question about whether 

respondents got married during the previous year in 2008, this analysis could only be 

conducted for the years 2008-2016. Finally, to test whether the effect of the opioid epidemic 

is mediated by economic factors, we used individual-level data from the ACS 1-year 

samples to estimate the association between the local ODR in the previous year and three 
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measures of economic wellbeing, separately for women and men: the probability of being 

employed at the time of interview among respondents in the labor force; the probability of 

living in a household with income below the poverty line; and total household income. We 

used linear models and restricted this analysis to never married women aged 20-34, and to 

never married men aged 20-39, because the latter likely includes the group of actual and 

potential male partners for women in the specified age group. As a robustness check, we 

estimated models for never married men in the same age range used for women (20-34). In 

the analyses for both marriage rates and economic indicators, we lagged the ODR by one 

year, and local controls by two years, so that they are measured strictly before the ODR.

Results

Aggregate-level Analysis

Table 1 shows weighted means for all of the variables used in our aggregate analysis at the 

CPUMA-level for the period 2000-2016. Differences in the race- and gender-specific ODRs 

confirm that the opioid epidemic has been concentrated among the non-Hispanic white and 

male populations. The ODR due to the synthetic opioid fentanyl is much lower than the 

ODR due to other opioids during this time period, which is partly explained by the fact that 

fentanyl was not introduced to the U.S. illicit drug market until 2013.

Table 2 shows weighted descriptive statistics for never married women aged 20-34 

interviewed by the ACS, by race-ethnicity and education level for the period 2008-2016. 

The average ODRs in the CPUMA in which women in this age group resided varied 

substantially, with less and more educated white and black women being exposed to the 

highest local ODRs, while Hispanic women live in areas relatively less affected by the 

opioid epidemic.

Models 1a to 4b in Table 3 show the results of CPUMA fixed-effects models using the 

total, female, and male ODRs to predict nonmarital birth rates, while controlling for local 

sociodemographic conditions. Models 5a and 5b break down the ODR according to whether 

the deaths can be attributed to fentanyl- and non-fentanyl-opioids. Models 6a and 6b include 

the local opioid prescription rate as a predictor. A model with and without time-varying 

controls is presented for each combination of measures of the opioid epidemic. All models 

include CPUMA fixed effects, year fixed effects, and state-year interactions. The results 

indicate a positive and statistically significant association between the local ODR and 

higher nonmarital birth rates. The coefficients from the models without local controls show 

that the association between the different types of ODR and nonmarital birth rates varies 

from 0.10 to 0.38. Once local controls are included in the models, the coefficients are 

somewhat smaller, but remain statistically significant. This suggests that time-varying local 

sociodemographic conditions explain part of the association observed in the models with no 

controls. According to model 1b, for example, every increase of 1 opioid overdose death 

per 100,000 population is associated with 0.17 more nonmarital births per 1,000 unmarried 

women. Based on our calculations using vital statistics data, between 2000 and 2016 opioid

overdose deaths increased by 10 per 100,000 nationally. This change corresponds to an 

increase of approximately 1.7 nonmarital births per 1,000 unmarried women. This is a very 

sizable effect, that represents about 14% of the steep decline in the nonmarital birth rate 
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observed for women aged 20-34 between 2010 and 2016 in the United States. Thus, our 

findings suggest that the decline in nonmarital fertility observed over the past decade might 

have been even steeper had the opioid epidemic not occurred.

We test the association between nonmarital birth rates and female and male ODRs in 

separate models, and then include both predictors in the same model (models 4a and 4b). 

We find that when both female and male ODR are included, only the female ODR has 

a significant effect on women’s nonmarital fertility. This suggests that opioid misuse and 

abuse among women is an important causal mechanism linking the opioid epidemic to 

increased nonmarital fertility, possibly because it promotes risky sexual behaviors and lower 

contraceptive use, whereas men’s opioid use is not a relevant mediator.

Models 5a and 5b in Table 3 break down the total ODR based on whether the deaths 

are fentanyl- and non-fentanyl-related and show that although the fentanyl-related ODR 

coefficient is twice as large, only the non-fentanyl ODR is significant after including all 

controls. When we include the fentanyl ODR and the non-fentanyl ODR separately, their 

coefficients are significant and only slightly larger than in the model with both measures 

(results not shown), which suggests that both the fentanyl-driven overdose deaths and those 

due to other types of opioids are measuring different aspects of the opioid epidemic. Models 

6a and 6b in Table 3 include both the total ODR and the rate of prescribed grams of 

morphine per 100 population as predictors. Both the total ODR and the opioid prescription 

rate in model 6b are significantly associated with a higher nonmarital birth rate. The 

coefficient for the total ODR in model 6b is only slightly smaller than in the model in 

which no other measures of the opioid epidemic are included (model 1b). The coefficient for 

prescribed grams of morphine similarly does not change in magnitude or significance when 

the total ODR is excluded from the model (results not shown). These findings again suggest 

that the total ODR and the opioid prescription rate are also capturing different aspects of the 

opioid epidemic.

Table 4 shows analogous models predicting marital birth rates. In contrast to the nonmarital 

birth rate models, none of the ODR or opioid prescription rate measures are significantly 

associated with marital birth rates, regardless of whether local time-varying controls are 

included in the models. The opioid epidemic therefore only appears to have affected the 

fertility of unmarried women. To examine whether the opioid epidemic is reducing the pool 

of marriageable partners for local women, we also tested models using women’s marriage 

rate as an outcome. The results are shown in Table 5. Once again, none of the ODR or opioid 

prescription rate measures are significantly associated with the marriage rate, which suggests 

that the opioid epidemic is not increasing the barriers to marriage in affected communities.7 

The opioid epidemic therefore appears to lead to higher nonmarital fertility by increasing 

the number of births to unmarried women rather than by decreasing women’s probability 

of marriage. It follows that any mechanisms linking the opioid epidemic with increasing 

7As a robustness check, we estimated models using different ODR measures to predict women’s probability of marriage in the 
last year, using individual-level data from our 1-year ACS dataset for years 2008-2016. We estimated these models separately by 
race-ethnicity and education, and found no significant association between the ODR measures and the probability of marriage in any 
subgroup.
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nonmarital fertility are operating through changes in the sexual or contraceptive behavior of 

unmarried women and their sexual partners.

Robustness Checks

Although our analyses use CPUMAs as the primary geographic unit, we also prepared 

a county-level dataset to conduct a robustness check of our main aggregate models. Our 

findings in Tables 3 and 4 were replicated using county-level data (see Table A1 in Online 

Appendix). However, we prefer our estimates based on CPUMA-level data, because they 

guarantee a critical population size per geographic unit and avoid volatility in birth rates 

in very small counties. Using our CPUMA-level dataset, we also replicated Tables 3 and 4 

using the same lag for controls as for the ODR, and thus measuring all predictors in year y-2 

(see Table A3 in Online Appendix). Results are nearly identical to those in Tables 3 and 4.

Although in our main analyses we restricted the age range in birth rates and marriage rates 

to women aged 20-34 to facilitate the theoretical interpretation of our results, it is worth 

noting that our findings were robust to expanding our sample to include women aged 15-19 

(see Table A4 in Online Appendix), and to restricting the sample to only adolescent women 

(results not shown). Similarly, our results were robust to excluding opioid-overdose deaths 

that were ruled as homicides or suicides from our estimates of the local ODR (see Table 

A5 in Online Appendix). To assess whether our findings were potentially generalizable to 

overall drug abuse, we re-estimated our models for nonmarital birth rates using as the main 

predictor the overdose death rate due to any type of drug with abuse potential.8 These 

models show that an increase in overall drug overdose deaths at the local level increases 

the non-marital birth rate among women aged 20-34 (see Table A2 in Online Appendix), 

which suggests that the effects we identify are generalizable to overall drug abuse. However, 

these results should be interpreted with caution. Unlike opioids, abuse of some of these 

other substances entails a lower risk of death, and thus their corresponding overdose death 

rates are a less appropriate measure of the prevalence of their use in a community. Finally, 

we estimated separate models by region, and for urban and rural CPUMAs, based on the 

percentage of the population living in metropolitan areas released by the Economic Research 

Service of the U.S. Department of Agriculture (USDA, 2016). These results suggest that the 

opioid epidemic has had similar effects on family formation in both urban and rural areas, 

and stronger effects in the Appalachian region (see Table A6 in the Online Appendix).

Individual-level Analysis

Table 6 shows three panels with the main results from our individual-level linear probability 

models for white, black, and Hispanic never married women, respectively. All models 

include CPUMA and year fixed effects, and state by year interactions. Each panel in 

Table 6 presents separate models for women with high and low education levels. Model 

1 in the first panel shows that for less educated never married white women, a higher 

ODR significantly increases the probability of experiencing a birth in the previous year. 

Specifically, an increase of 1 death per 100,000 due to opioid-overdose is associated with 

8We followed the CDC’s definition of overall drug overdose deaths, which includes substances such as cocaine, psychostimulants with 
abuse potential, and opioids (Scholl, 2019).
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an increase of 0.07 percentage points in the probability of having a birth. According to the 

descriptive statistics presented in Table 2, the average probability that a less educated and 

never married white woman between the ages of 20-34 will have a birth in a given year 

is 5.6%. Since the ODR increased by 10 per 100,000 between 2000 and 2016, Model 1 

suggests that less educated never married white women would have experienced an increase 

of 0.7 percentage points in their probability of having a birth as a consequence of the opioid 

epidemic throughout this period. This represents an increase of about 13% in their average 

probability of having a baby during the 2008-2016 period.

Increases in the white ODR and in the female ODR are also associated with significant 

increases in the probability of experiencing a birth among less educated never married white 

women (models 2 and 3, first panel of Table 6). Model 4 shows that the male ODR is 

positively associated with the probability of giving birth among never married women, but 

the magnitude of this coefficient is less than half that of the female ODR in Model 2. 

When both the female and male ODR are included as predictors in model 5, the magnitude 

of the female ODR coefficient is almost the same as the magnitude of the total ODR in 

model 1, and still significant, whereas the male ODR has no significant association with 

the probability of a birth. Consistent with findings from our aggregate-level models, the 

results of our individual-level models suggest that the local female ODR is a more important 

predictor of premarital fertility than the male ODR.

Models 6 to 10 in the first panel of Table 6 replicate the models discussed above, but now 

for more educated never married white women. The association between each of the ODR 

measures and the probability of experiencing a birth is always nonsignificant. The second 

and third panels in Table 6 show analogous linear probability models for non-Hispanic 

black and Hispanic never married women, respectively. None of the ODR measures is a 

significant predictor of the probability of having a birth in the previous year among Hispanic 

or Black women of any education level. Overall, our individual-level analyses suggest that 

the positive association between the ODR and nonmarital birth rates in the aggregate models 

is explained by births to white women with less education, and that the family formation 

patterns of this group are the most vulnerable to the opioid epidemic.9

Finally, to assess whether the effect of the opioid epidemic on nonmarital fertility may 

be mediated by the economic consequences of the epidemic, we estimated linear models 

in which individuals’ employment status, household income, and whether they live in a 

household with income below the poverty line are used as dependent variables. These 

models are restricted to less educated never married women and men because our findings 

indicate that they bear the greatest consequences of the opioid epidemic in terms of 

disruptions in family formation patterns. The first three columns in Table 7 show the results 

of the linear models for never married women aged 20-34 by race-ethnicity. The next three 

columns show models for never married men aged 20-39 by race-ethnicity. The ODR has a 

nonsignificant effect on the probability that white, black, or Hispanic women are employed 

or live in a household with income below the poverty line, and has a nonsignificant effect 

9As a robustness check, we estimated analogous individual models using the probability of having a nonmarital instead of premarital 
birth as an outcome and obtained nearly identical results (not shown).
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on their reported household income as well. The same is true for white, black, and Hispanic 

men. Our findings for men were replicated when the sample was restricted to ages 20-34, 

which is the same age range used for the female sample (see Table A7 in Online Appendix). 

These results do not support the hypothesis that the effects of the opioid epidemic on the 

nonmarital fertility of women aged 20-34 are driven by changes in economic conditions.

Discussion

The opioid epidemic is one of the greatest public health challenges facing the United States 

today (Gladden et al., 2016; Kolodny et al., 2015). More than 11 million people were 

estimated to misuse opioids in 2017 (SAMHSA, 2018). In the same year, 47,600 individuals 

died as a result of an opioid overdose (Scholl et al., 2019), surpassing the number of deaths 

due to gun violence and motor vehicle accidents (CDC, 2019c). A rapidly growing body of 

research has documented trends in opioid prescription, abuse, and deaths due to overdose 

(Guy et al., 2017; Kelly et al., 2008; Rigg et al., 2018; West et al., 2015). Studies have 

also found opioid dependence to have profound detrimental social and economic effects for 

individuals (Sansone et al., 2012; Scarpati et al., 2017; Scherrer et al., 2016; Terplan et 

al., 2015) and communities (Birnbaum et al., 2011; Florence et al., 2016; Krueger, 2016). 

However, little is still known about the implications of the opioid epidemic for family 

formation and childbearing patterns.

Our study is the first to examine the effect of the opioid epidemic on nonmarital 

fertility in the United States. We found robust evidence indicating that areas that have 

witnessed increasing opioid abuse, as measured by local opioid-overdose death rates and 

total prescriptions per capita, have also experienced an increase in nonmarital birth rates. 

According to our analyses, the magnitude of the total increase in nonmarital births due 

to the opioid epidemic since 2000 is equivalent to about 14% of the steep decline in 

nonmarital birth rates observed between 2010 and 2016 in the U.S. Thus, our findings 

suggest that the decrease in nonmarital fertility over the past decade would have been greater 

had the opioid epidemic not occurred. They also suggest that the increase in nonmarital 

births observed before 2008 would have been lower in the absence of the opioid epidemic. 

Our results were consistent using different ODR specifications, and when using opioid 

prescription rates as predictors. Given that opioids are often undercounted as a cause of 

overdose deaths, our estimates are conservative and plausibly represent a lower bound. Our 

main results were also replicated when we used counties instead of CPUMAs as our primary 

geographic unit of observation, when we expanded our analyses to a broader spectrum of 

reproductive age women (15-34 years of age), and when we split the analysis according to 

different urbanization levels. Marital birth rates appear to be unaffected by the epidemic, 

which indicates that any relevant causal mechanisms are primarily influencing unmarried 

women, either because they are disproportionately likely to be opioid-dependent themselves 

(SAMHDA, 2019), or because they might be more vulnerable to the effects of the opioid 

epidemic on families and communities.

Our analyses provide evidence that the effects of the opioid epidemic on nonmarital fertility 

have been primarily driven by less educated white women. By contrast, we found no effects 

among Hispanic or Black women of any education level. These results are consistent with 
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the fact that the greatest incidence of opioid overdose deaths has been concentrated among 

non-Hispanic whites (Shiels et al., 2018). Our findings suggest that the opioid epidemic 

has important intergenerational implications, because they increase the probability that less 

educated women will have a nonmarital birth, thus making them and their children more 

vulnerable to poverty and family instability.

Although our analysis does not allow us to establish the exact causal mechanisms through 

which increasing local opioid use might lead to higher fertility rates among unmarried 

women, our results provide different degrees of support for potential explanations. 

According to our findings, the opioid epidemic does not appear to be affecting women’s 

probability of marriage due to a reduction in the marriageability of men. We found marriage 

rates to be unaffected by opioid overdose deaths and opioid prescription rates. The increase 

in nonmarital fertility is therefore more likely to be mediated by changes in the sexual and 

contraceptive behavior of unmarried individuals. We hypothesized that such changes were 

possibly induced by mechanisms such as intoxication, changing economic conditions, or 

behavioral and psychological responses to the social disruptions brought about by the opioid 

epidemic.

We did not find evidence that supported changing economic conditions as a relevant 

mediating mechanism. Past research has demonstrated the harmful consequences that opioid 

abuse may have for local economies by increasing unemployment and reducing labor 

force participation (Aliprantis et al., 2019; Harris et al., 2019; Krueger, 2016). Women 

may adjust their sexual and contraceptive behavior to seek or avoid pregnancy as their 

opportunity costs change. However, we found that the increase in the opioid-overdose 

death rate was not associated with changes in the probabilities that never married women 

and men in the age groups studied (20-34 and 20-39, respectively) were employed, were 

living below the poverty line, or had a lower household income. It is possible that our 

findings on unemployment differ from the aforementioned studies because we restricted 

our analysis to never married individuals of a particular age group, whereas these studies 

analyzed outcomes among a broad population segment. But given that previous studies 

indicate a positive association between local economic distress and opioid abuse (Ghertner 

& Groves, 2018; Hollingsworth et al., 2017), and a negative association between local 

economic distress and nonmarital fertility (Schneider, 2015), any time-varying economic 

distress that remained unaccounted for in our models would cause us to underestimate, 

rather than overestimate, the magnitude of the positive effect of opioid abuse on nonmarital 

childbearing.

Because our analysis relies on an aggregate-level indicator of opioid abuse, we cannot 

disentangle whether the increase in nonmarital fertility can be attributed to unmarried 

women’s own opioid use or to behavioral responses to other family- and community-level 

disruptions induced by the opioid epidemic. The fact that female, but not male overdose

death rates had a positive and significant effect on nonmarital fertility suggests that 

intoxication is a relevant channel through which the sexual and contraceptive practices 

of unmarried women are changed. But the fact that we find the opioid epidemic to have 

also increased adolescent nonmarital fertility even though the adolescent ODR has remained 

flat and low over the observation time period, suggests that the causal mechanisms are 
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not limited to women’s own individual opioid use. Furthermore, based on the rate of 

deliveries to mothers with opioid use disorder (Haight, 2018), we estimate that births to 

opioid-dependent women represent less than a third of the surplus in nonmarital fertility 

that can be attributed to the opioid epidemic according to our statistical analysis.10 This 

suggests that the opioid epidemic may have ripple effects that are modifying the sexual and 

contraceptive behavior of less educated white unmarried women in affected communities, 

regardless of their own opioid use. It is therefore plausible that less educated white women 

and their sexual partners are also changing their sexual and contraceptive behaviors in 

response to disruptions to their social environment, such as community violence, increased 

mortality, or loss of collective efficacy. Future research should further assess the causal 

mechanisms linking the opioid epidemic with disruptions in family formation patterns.

We applied multiple strategies to produce estimates of the associations between the opioid 

epidemic and the outcomes of interest that reasonably approach a causal inference standard. 

We used local area fixed effects, controlled for national and state-specific trends, and 

included a series of time-varying controls capturing changes in local sociodemographic 

characteristics. The most natural potential confounders, such as education, insurance 

coverage, race-ethnicity, and level of urbanization, have been controlled in our models. 

However, we are unable to entirely rule out the possibility of bias introduced by unobserved 

trends in other local conditions. We believe that our analysis provides a reasonable 

approximation to the causal effects of the opioid epidemic. Future research should continue 

to explore the specific causal effects of the opioid epidemic and the mechanisms that link it 

to family formation patterns.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements.

This study was funded in part by a grant from the Eunice Kennedy Shriver National Institute of Child Health 
and Human Development (NICHD) to the authors (R03HD102516). We also gratefully acknowledge support from 
the NICHD grants to the Maryland Population Research Center (P2CHD041041), and to the California Center for 
Population Research (P2CHD041022).

Data availability.

This study used restricted Vital Statistics data that were requested from CDC (https://

www.cdc.gov/nchs/nvss/nvss-restricted-data.htm). The analysis also included data from the 

10This calculation is based on the rates of deliveries to mothers with opioid use disorder published by Haight (2018), and on the total 
number of births to unmarried women aged 20-34 in 2014 (NVSS 2018). The 2013-2014 change in the number of births to mothers 
with an opioid-use disorder per 1,000 hospital deliveries was 0.8 (Haight, 2018). Multiplying this number by the 1,233,979 births to 
unmarried women aged 20-34 registered in 2014 (NVSS, 2018) results in an increase of 987 births to mothers with an opioid-use 
disorder. In turn, our analysis predicts that between 2013 and 2014, the opioid epidemic caused about 3,608 more nonmarital births 
to women in this age group in just this particular year (prediction based on model 1b of Table 3, and on our estimation of the 
number of unmarried women in the United States in 2014, according to the corresponding ACS 1-year sample). This means that births 
to opioid-dependent women represent less than a third of the surplus in nonmarital fertility that our models attribute to the opioid 
epidemic.
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American Community Survey, which are publicly available at the IPUMS website (https://

ipums.org/).
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Figure 1. Opioid Overdose Death Rate (per 100,000) in 2000-2003 (above) and 2014-2016 (below)
Notes: Authors’ calculations based on data from the National Vital Statistics System (NVSS, 

2018). 3-year averages for 2000-2003 and 2014-2016 were used to smooth out yearly 

fluctuations.
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Figure 2. Opioid-Overdose Death Rates (per 100,000) for Non-Hispanic Whites, Non-Hispanic 
Blacks, and Hispanics, 2000-2016
Notes: Authors’ calculations based on data from the National Vital Statistics System (NVSS, 

2018). Values represent yearly national opioid-overdose death rates.
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Figure 3. Opioid-Overdose Death Rates (per 100,000) for Women and Men, 2000-2016
Notes: Authors’ calculations based on data from the National Vital Statistics System (NVSS, 

2018). Values represent yearly national opioid-overdose death rates.
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Table 1.

Descriptive statistics of all CPUMAs, 2000-2016

Mean SD

Fertility and marriage rates (per 1,000 women)

Nonmarital birth rate 63.98 20.10

Marital birth rate 167.93 36.52

Marriage rate 64.87 32.16

Opioid-overdose death rates (per 100,000 pop.)

Opioid-overdose death rate 6.64 5.71

Female opioid-overdose death rate 4.46 4.03

Male opioid-overdose death rate 8.91 7.97

Non-Hispanic white opioid-overdose death rate 8.55 6.84

Hispanic opioid-overdose death rate 3.07 5.25

Non-Hispanic black opioid-overdose death rate 4.93 9.43

Fentanyl-overdose death rate 1.24 2.69

Non-Fentanyl opioid-overdose death rate 5.39 4.10

Opioid prescription rates (grams per 100 pop.)

Prescribed morphine rate 39.15 23.92

Sociodemographic characteristics

Percentage of population with less than HS education 20.24 5.51

Percentage of population with HS 57.56 8.20

Percentage of population with BA or more 22.20 10.72

Percentage of unemployed population 8.97 3.72

Average household income 53.62 15.63

Percentage receiving public assistance 1.56 1.03

Percentage of non-Hispanic white population 65.10 21.25

Percentage of Hispanic population 15.15 15.94

Percentage of non-Hispanic black population 12.57 12.30

Percentage of foreign-born population 13.23 11.80

Population per square mile 29.10 85.61

Sex ratio (men aged 25-39 per 1,000 women aged 20-34) 1012.66 96.53

Observations 18,190

Notes: Data obtained from the National Vital Statistics System (NVSS 2018) and 1-year samples of the American Community Survey (Ruggles et 
al. 2018). Marriage rate is only available for years 2008-2016 (9,630 CPUMA-years).
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Table 7.

Linear models with CPUMA fixed effects using total opioid-overdose death rates to predict being employed, 

household income, and living in a household with income below the poverty line, by race-ethnicity, among 

never married less educated women and never married less educated men

Women Aged 20-34 Men Aged 20-39

White Black Hispanic White Black Hispanic

Opioid-Overdose Death Rate (per 100,000 pop.) in CPUMA (year y-3)

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 controls (year y-2) Yes Yes Yes Yes Yes Yes

CPUMA Fixed Effects Yes Yes Yes Yes Yes Yes

Year Fixed Effects Yes Yes Yes Yes Yes Yes

State*Year Fixed Effects Yes Yes Yes Yes Yes Yes

Household Income 
ꓕ 

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 controls (year y-2) Yes Yes Yes Yes Yes Yes

CPUMA Fixed Effects Yes Yes Yes Yes Yes Yes

Year Fixed Effects Yes Yes Yes Yes Yes Yes

State*Year Fixed Effects 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 controls (year y-2) Yes Yes Yes Yes Yes Yes

CPUMA Fixed Effects Yes Yes Yes Yes Yes Yes

Year Fixed Effects Yes Yes Yes Yes Yes Yes

State*Year Fixed Effects Yes Yes Yes Yes Yes Yes

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

Notes: Analyses were restricted to women aged 20-34 and men aged 20-39. Controls for individual characteristics include respondent’s age, 
number of own children living in the household (for women), and whether respondents were born outside the U.S. For less educated respondents, 
we also control for whether they had completed high school. All of these individual controls were measured at the time of interview (year 
y). Controls for sociodemographic characteristics at the CPUMA level include the percentage of the population that has less than high school, 
percentage of the population that has high school, average household income, the percentage population that is unemployed, the percentage that 
receives public assistance income, and the percentage Non-Hispanic black, Hispanic, and foreign born. We also included controls for the population 
density in the CPUMA (total population per square mile), and the sex ratio (number of men aged 25-39 per women aged 20-34). Local controls 
were measured in year y-2. Data obtained from the 1-year samples of the American Community Survey (Ruggles et al. 2018) and the National Vital 
Statistics System (NVSS 2018). Standard errors are clustered by CPUMA.

ꓕ
Household income given in 1999 constant dollars.

*
p<0.05

**
p<0.01
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***
p<0.001.

Standard errors in brackets.
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