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A B S T R A C T   

Background: The COVID-19 pandemic caused disruptions in the delivery of health services, which may have 
adversely affected access to substance use disorder (SUD) treatment services. Medicaid expansion has been 
previously associated with increased access to SUD services for low-income adults. Thus, the pandemic may have 
differentially impacted overdose mortality depending on expansion status. This study examined trends in 
overdose mortality nationally and by state Medicaid expansion status from 2013 to 2020. 
Methods: State-level data on overdose mortality were obtained from the Centers for Disease Control and Pre
vention’s WONDER database for 2013–2020 (N = 408 state-years). The primary outcomes were drug and opioid 
overdose deaths per 100,000 residents. The primary exposure was Medicaid expansion status as of January 1st, 
2020. Difference-in-difference (DID) models were used to compare changes in outcomes between expansion and 
non-expansion states after the onset of the COVID-19 pandemic. 
Results: The U.S. experienced 91,799 drug overdose deaths in 2020, a 29.9% relative increase from 2019. 
Expansion states experienced an adjusted increase of 7.0 drug overdose deaths per 100,000 residents (95% CI 
3.3, 10.7) and non-expansion states experienced an increase of 4.3 deaths (95% CI 1.5, 8.2) from 2019 to 2020. 
Similar trends were observed in opioid overdose deaths. In DID models, Medicaid expansion was not associated 
with changes in drug (0.9 deaths, 95% CI − 2.0, 3.7) or opioid overdose deaths (0.8 deaths, 95% CI − 1.8, 3.5). 
Conclusions: The increase in drug or opioid overdose deaths experienced during the first year of the COVID-19 
pandemic was similar in states with and without Medicaid expansion.   

1. Introduction 

The U.S. experienced persistently high rates of drug overdose mor
tality during the last two decades, and the COVID-19 pandemic may 
have exacerbated this public health crisis. The pandemic caused dis
ruptions in both insurance coverage and the delivery of health services, 
which may have adversely affected access to substance use disorder 
(SUD) treatment services (Wakeman et al., 2020). Disruption of SUD 
treatment services can be particularly harmful for those engaged in 
treatment for opioid use disorder (OUD). Medication for opioid use 
disorder (MOUD) (e.g. buprenorphine, methadone) is the recommended 
treatment for OUD, and its use markedly decreases the risk of 
opioid-related disease, overdose, and death (National Academies of 
Sciences, Engineering, 2019). However, access to MOUD is often pred
icated on in-person visits to a health care provider able to prescribe these 
life-saving medications (Lagisetty et al., 2017). During the COVID-19 

pandemic, regulations that required in-person initiation of buprenor
phine/suboxone were lifted and many providers began to offer tele
health to improve access to these medications (Substance Abuse and 
Mental Health Services Administration, 2020). Regulations for metha
done administration were also relaxed, and the number of allowable 
methadone take-home doses for the treatment of OUD increased in 
March 2020 (Levander et al., 2021). Despite these changes, many with 
SUDs reported they were still unable to access needed services (Mellis 
et al., 2021). 

Historically, access to SUD treatment has been generally higher in 
states that expanded Medicaid compared to those that have not 
(Abraham et al., 2017; Wen et al., 2017). Beginning in 2014, the 
Affordable Care Act (ACA) allowed states to expand Medicaid coverage 
for low-income adults and required Medicaid expansion states to cover 
substance use disorder services with similar cost-sharing as medical and 
surgical services (Kravitz-Wirtz et al., 2020). Medicaid insures a 
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disproportionate share of persons with OUD, and Medicaid expansion 
had facilitated improved access to MOUD compared to non-expansion 
states prior to the pandemic (Wen et al., 2017). Moreover, Medicaid 
expansion has previously been associated with greater declines in rates 
of drug (Venkataramani and Chatterjee, 2019) and opioid overdose 
deaths (Kravitz-Wirtz et al., 2020). However, it is unclear if the pro
tective effects of Medicaid expansion continued after the onset of the 
COVID-19 pandemic. 

Medicaid served as an important safety-net for many who lost 
employer-sponsored insurance coverage during the pandemic (Bundorf 
et al., 2021), as many who experienced pandemic-related job loss were 
able to maintain health insurance coverage through Medicaid enroll
ment (Khorrami and Sommers, 2021). Insurance coverage is often an 
important prerequisite to accessing health services. However, the 
COVID-19 pandemic interrupted access to health services, including 
SUD and harm reduction services (Mellis et al., 2021). Moreover, pol
icies that reduce the spread of COVID-19 (e.g., social distancing) can 
have the unintended consequence of social isolation and despair, both of 
which can intensify substance use (Wakeman et al., 2020). Taken 
together, it is possible that the COVID-19 blunted the previously 
established protective effects of Medicaid expansion. By the beginning of 
2020, 36 states and the District of Columbia had elected to expand 
Medicaid eligibility to low-income adults. While drug overdose deaths 
increased during the COVID-19 pandemic, no research has examined if 
drug or opioid overdose mortality differed between Medicaid expansion 
and non-expansion states during the pandemic. In this cross-sectional 
study, we examined trends in drug overdose mortality nationally from 
2013 to 2020, and if trends changed depending on state Medicaid 
expansion status after the onset of the COVID-19 pandemic. 

2. Methods 

We obtained annual, state-level data on drug and opioid overdose 
deaths from January 1st, 2013 through December 31st, 2020 from the 
Centers for Disease Control and Prevention’s (CDC) WONDER database 
(National Center for Health Statistics, 2020). We identified drug over
dose deaths using International Classification of Disease (ICD-10), tenth 
edition underlying cause-of-death codes X40–44, X60–64, X85, and 
Y10–14. Among deaths with drug overdose as the underlying cause, 
opioid overdose deaths were identified using ICD-10 multiple 
cause-of-death codes T40.1 (heroin), T40.2 (other opioids), T40.3 

(methadone), T40.4 (other synthetic narcotics), and T40.6 (other and 
unspecified narcotics). Rates of drug and opioid overdose deaths were 
calculated as the number of deaths per 100,000 residents. Data on state 
characteristics were obtained from the Area Health Resource File 
(Griffith et al., 2021) and lagged two years due to data availability. Data 
on state Medicaid expansion status was obtained from the Kaiser Family 
Foundation. States that expanded Medicaid eligibility to low-income 
adults by January 1st, 2020 were considered as Medicaid expansion 
states (Kaiser Family Foundation, 2020). 

To estimate the association between state Medicaid expansion and 
trends in drug and opioid overdose mortality, we estimated two types of 
models using ordinary least squares (OLS) regression. For all models, the 
pre-period ran from 2013 to 2019 and the post-period was 2020. First, 
we used interrupted time series (ITS) models to estimate changes in drug 
and opioid overdose mortality in 2020, controlling for pre-pandemic 
outcome levels and state characteristics. This allowed us to identify 
changes that occurred in 2020, the first year of the COVID-19 pandemic. 

Next, difference-in-differences (DID) regression models were esti
mated to contrast changes in drug and opioid overdose deaths between 
expansion and non-expansion states after the onset of the COVID-19 
pandemic. The DID estimate can be interpreted as the differential 
change in drug and opioid overdose deaths between Medicaid expansion 
and non-expansion states from 2019 to 2020. Models were adjusted for 
several covariates that have previously been associated with drug 
overdose mortality including percent male, percent over 65 years of age, 
percent unemployed, percent earning less than the federal poverty limit, 
and physicians per 100,000 residents (Haffajee et al., 2019). Covariates 
that may be on the causal pathway between the COVID-19 pandemic 
and overdose mortality during 2020 (e.g. unemployment) were 
excluded as these variables may bias results (Schisterman et al., 2009). 
All models included state and year fixed effects, with robust standard 
errors clustered at the state level. The unit of observation was the 
state-year, and the analytic sample included all fifty states and the 
District of Columbia (N = 408 state-years). Analyzes were conducted in 
STATA/MP version 16.1. 

3. Results 

The U.S. experienced 91,799 drug overdose deaths in 2020 – a 29.9% 
relative increase from 2019 (Fig. 1). The majority of drug overdose 
deaths were opioid-related, with 68,630 individuals dying of an opioid 

Fig. 1. Trends in drug and opioid overdose deaths per 100,000 residents by state Medicaid expansion status from 2013 to 2020. Notes. The figure displays annual 
drug and opioid overdose death rates from the Centers for Disease Control and Prevention WONDER database. The shaded area indicates the onset of the COVID-19 
pandemic (2020). 
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overdose in 2020 – a 37.6% increase from 2019 (Fig. 1). Nationally, the 
rate of drug overdose deaths increased from 22.5 (SD 9.6) to 28.7 (SD 
12.7) deaths per 100,000 residents from 2019 to 2020, a difference of 
6.1 deaths (95% CI 1.7, 10.6). A concomitant increase occurred in opioid 
overdose deaths nationally, with opioid overdose deaths increasing from 
16.0 (SD 9.6) in 2019–21.5 (SD 12.3) in 2020 – a difference of 5.5 deaths 
(95% CI 1.1, 9.8). 

ITS models revealed that both Medicaid expansion and non- 
expansion states experienced significant increases in drug and opioid 
overdose deaths. Expansion states experienced an adjusted increase of 
7.0 drug overdose deaths per 100,000 residents (95% CI 3.3, 10.7) and 
non-expansion states experienced an increase of 4.3 (95% CI 1.5, 8.2) 
overdose deaths from 2019 to 2020 (Table 1). Similarly, expansion 
states experienced an adjusted increase of 6.0 opioid overdose deaths 
per 100,000 residents (95% CI 2.4, 9.7) and non-expansion states 
experienced an increase of 3.6 (95% CI 0.6, 6.6) opioid overdose deaths 
from 2019 to 2020 (Table 1). Parallel trends were observed for both 
drug and opioid overdose deaths between Medicaid expansion and non- 
expansion states prior to the COVID-19 pandemic (Fig. 1). In DID 
models, Medicaid expansion was not associated with changes in drug 
overdose deaths (0.9 deaths per 100,000, 95% CI − 2.0, 3.7) or opioid 
overdose deaths (0.8 deaths per 100,000 residents, 95% CI − 1.8, 3.5). 

4. Discussion  

This study found that drug and opioid overdose deaths rose markedly 
in 2020. The U.S. experienced the single largest annual increase in drug 
overdose mortality in more than two decades, confirming fears the 
COVID-19 pandemic and related factors may fuel surges in overdose 
deaths (Wakeman et al., 2020). This is the first known study to examine 
the association of Medicaid expansion and drug overdose mortality 
during the first year of the COVID-19 pandemic, and results suggest that 
Medicaid expansion was not associated with changes in the rate of either 
drug or opioid overdose deaths. Low-income adults with SUDs face 
increased barriers to evidence-based care when uninsured. Medicaid 
expansion does not guarantee access to SUD or harm reduction services, 
but it can promote access through health insurance coverage (Olfson 
et al., 2021). Prior to the pandemic, Medicaid expansion improved ac
cess to a host of SUD-related services (McCarty et al., 2018; Shover et al., 
2019; Wen et al., 2017) that reduce the risk of overdose mortality. 
However, similar increases in drug overdose deaths in Medicaid 
expansion and non-expansion states suggests that policies that had 
previously supported access to SUD and harm reduction services in 
expansion states were insufficient during the first year of the COVID-19 
pandemic. 

In the absence of a global pandemic, access to SUD and harm 
reduction services is limited and often predicated on in-person visits, 
which can be difficult to impossible for those without the resources (e.g., 
transportation, housing, childcare, etc.) to present to care. While 
Medicaid has historically improved access to health services, the COVID- 

19 pandemic introduced new barriers to care that insurance coverage 
alone cannot surpass. The intersection of the pandemic and the overdose 
epidemic in the U.S. likely fueled existing disparities associated with 
substance use and healthcare access (e.g., housing instability, food 
insecurity, poverty, comorbidities) (Sharma and Batra, 2021), contrib
uting to similarly increased rates of overdose mortality in expansion and 
non-expansion states. These results highlight the vulnerability of this 
population, and demonstrate a critical need to remove barriers and 
expand the settings where people can access SUD and harm reduction 
services. 

Policies in the U.S. limit the supply of providers who can prescribe 
MOUD (Auty et al., 2020), the availability of opioid overdose reversing 
medications (i.e., Narcan, Naloxone) (Davis and Carr, 2017; Sohn et al., 
2019), and access to safe injection sites for individuals who inject drugs 
(Levengood et al., 2021). The administration of all types of MOUD is 
highly regulated in the U.S. Policy changes that allowed telehealth 
initiation of buprenorphine and increased the number of methadone 
take-home doses during the pandemic likely did not increase access 
substantially enough to meet the demand for these services (Mellis et al., 
2021). Increasing access to buprenorphine through emergency medical 
services (EMS) personnel (Davis et al., 2021) and clinical pharmacists 
(Peckham et al., 2021) may be a critical step to ensure widespread access 
for those in need. Policies that support Naloxone access (e.g., standing 
orders, health plan coverage) reduce the risk of overdose mortality 
(Sohn et al., 2020, 2019), yet are inconsistently implemented across the 
United States. Residents of Medicaid expansion states have historically 
benefited from improved access to Naloxone (Sohn et al., 2020), but it is 
unknown if these trends persisted during the COVID-19 pandemic. In 
light of rising rates of fatal opioid overdose, states should consider 
implementing Naloxone leave-behind laws that allow EMS personnel to 
distribute Naloxone after an overdose event to bystanders (Scharf et al., 
2021; Wood et al., 2021). Finally, while the majority of fatal overdose 
events involve opioids, others who use certain drugs (e.g., psychosti
mulants) are also at risk of overdose death. Safe-injection sites can 
reduce the risk of death and improve linkage to SUD services, but only 
one site exists in the U.S. (Levengood et al., 2021). In combination with 
Medicaid expansion, widespread implementation of harm reduction 
policies may stem rising rates of overdose mortality. 

5. Limitations 

This study has several limitations that warrant consideration. First, 
we were only able to capture drug overdose deaths that occurred in 
2020. Trends in drug overdose mortality may differ in 2021 after health 
systems made changes to support access to care during the pandemic. 
Second, the CDC WONDER data relies on ICD-10 coding of death cer
tificate data, which may misclassify the substances involved in fatal 
overdoses and lead to an underestimation of opioid overdose mortality 
(Kravitz-Wirtz et al., 2020). Third, our study design does not allow us to 
account for specific state/federal policy changes made during the 

Table 1 
Changes in Drug and Opioid Overdose Deaths Nationally and Stratified by Medicaid Expansion from 2019 to 2020.   

Rate of Drug Overdose Deathsa Change 2019–2020b 

(95% CI) 
Rate of Opioid Overdose Deathsa Change 2019–2020b 

(95% CI) 
2019 
M (SD) 

2020 
M (SD) 

2019 
M (SD) 

2020 
M (SD) 

Medicaid Expansionc  24.7 (9.9)  31.2 (13.3)  7.0 (3.3, 10.8)***  18.1 (10.1)  23.8 (12.8)  6.0 (2.4, 9.7)*** 
Non-Medicaid Expansionc  17.2 (6.5)  22.6 (9.8)  4.8 (1.5, 8.2)**  11.2 (6.1)  16.0 (9.2)  4.6 (0.6, 6.6)* 

Notes: All estimates are expressed as adjusted rates per 100,000 per residents by year. 
*p<0.05, ** p <0.01, ***p <0.001. 

a Unadjusted rates 
b Results from ordinary least squares (OLS) interrupted time series (ITS) models including state and year fixed effects with robust standard errors clustered at the 

state level. 
c Medicaid expansion status was a binary indicator taking on a value of 1 for states which expanded Medicaid income eligibility for childless adults under the 

Affordable Care Act by January 1, 2020, 0 otherwise. 
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COVID-19 pandemic that may have impacted drug and opioid overdose 
mortality. Future research might consider exploring the mechanisms 
through which these policy changes may have differentially impacted 
drug overdose mortality in Medicaid expansion and non-expansion 
states. 

6. Conclusions 

The COVID-19 pandemic exposed critical gaps in the delivery system 
of SUD and harm reduction services, which may have contributed to 
similar increases in the rates of drug and opioid overdose deaths in 
Medicaid expansion and non-expansion states. To prevent additional 
and unnecessary loss of human life, the federal government and states 
should take immediate action to improve access to SUD and harm 
reduction services. 
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