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Abstract
The global pandemic of COVID-19 is colliding with the epidemic of opioid use disorders (OUD) and other substance use
disorders (SUD) in the United States (US). Currently, there is limited data on risks, disparity, and outcomes for COVID-19
in individuals suffering from SUD. This is a retrospective case-control study of electronic health records (EHRs) data of
73,099,850 unique patients, of whom 12,030 had a diagnosis of COVID-19. Patients with a recent diagnosis of SUD (within
past year) were at significantly increased risk for COVID-19 (adjusted odds ratio or AOR= 8.699 [8.411–8.997], P < 10−30),
an effect that was strongest for individuals with OUD (AOR= 10.244 [9.107–11.524], P < 10−30), followed by individuals
with tobacco use disorder (TUD) (AOR= 8.222 ([7.925–8.530], P < 10−30). Compared to patients without SUD, patients
with SUD had significantly higher prevalence of chronic kidney, liver, lung diseases, cardiovascular diseases, type 2
diabetes, obesity and cancer. Among patients with recent diagnosis of SUD, African Americans had significantly higher risk
of COVID-19 than Caucasians (AOR= 2.173 [2.01–2.349], P < 10−30), with strongest effect for OUD (AOR= 4.162
[3.13–5.533], P < 10−25). COVID-19 patients with SUD had significantly worse outcomes (death: 9.6%, hospitalization:
41.0%) than general COVID-19 patients (death: 6.6%, hospitalization: 30.1%) and African Americans with COVID-19 and
SUD had worse outcomes (death: 13.0%, hospitalization: 50.7%) than Caucasians (death: 8.6%, hospitalization: 35.2%).
These findings identify individuals with SUD, especially individuals with OUD and African Americans, as having increased
risk for COVID-19 and its adverse outcomes, highlighting the need to screen and treat individuals with SUD as part of the
strategy to control the pandemic while ensuring no disparities in access to healthcare support.

Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and has rapidly escalated into a global pandemic [1]. The

global pandemic of COVID-19 is colliding in the United
States (US) with the epidemic of opioid use disorders
(OUD) and overdose mortality [2–4]. Currently, there is
little if any quantitative analysis of the risks and outcomes
for COVID-19 infection in individuals suffering from an
OUD and those suffering from other substance use in the
US. In addition, there is minimal data on how race and other
demographic factors affect the risk and outcomes of
COVID-19 among patients with SUD including OUD.

It is estimated that more than 70,000 people will die in the
US from an overdose in 2019 mostly from opioid overdoses,
which are driven by the respiratory depressant effects of
opioids. Considering that COVID-19 affects pulmonary
function this combination could be particularly lethal. Addi-
tionally, ~10.8% of adults in the US have a substance use
disorders (SUD) including alcohol (AUD) and tobacco (TUD)
[5]. To the extent that chronic use of tobacco, alcohol and
other drugs is associated with cardiovascular (arrhythmias,
cardiac insufficiency, and myocardial infarction), pulmonary

* Rong Xu
rxx@case.edu

* Nora D. Volkow
nvolkow@nida.nih.gov

1 Center for Artificial Intelligence in Drug Discovery, School of
Medicine, Case Western Reserve University, Cleveland, OH, USA

2 Departments of Internal Medicine and Pediatrics and the Center
for Clinical Informatics Research and Education, The MetroHealth
System, Cleveland, OH, USA

3 National Institute on Drug Abuse, National Institutes of Health,
Bethesda, MD, USA

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41380-020-00880-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41380-020-00880-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41380-020-00880-7&domain=pdf
http://orcid.org/0000-0003-3127-4795
http://orcid.org/0000-0003-3127-4795
http://orcid.org/0000-0003-3127-4795
http://orcid.org/0000-0003-3127-4795
http://orcid.org/0000-0003-3127-4795
http://orcid.org/0000-0001-6668-0908
http://orcid.org/0000-0001-6668-0908
http://orcid.org/0000-0001-6668-0908
http://orcid.org/0000-0001-6668-0908
http://orcid.org/0000-0001-6668-0908
mailto:rxx@case.edu
mailto:nvolkow@nida.nih.gov


(COPD, pulmonary hypertension), and metabolic diseases
(diabetes, hypertension) [6–10] all of which are risk factors
for COVID-19 infection and for worse outcomes [11–13] one
can also predict that individuals with SUD including OUD
would be at increased risk for adverse COVID-19 outcomes
[2]. Preliminary reports regarding higher risk for adverse
outcomes with COVID-19 and smoking have been incon-
clusive [14–16]. Currently there is little research on the effects
of other drugs including opioids, cannabis, cocaine and
alcohol on the susceptibility to COVID-19 infection and to
adverse outcomes [2].

Material and methods

Database description

We performed a retrospective case-control study using de-
identified population-level electronic health record (EHR)
data collected by the IBM Watson Health Explorys from
360 hospitals and 317,000 providers across 50 states in the
US since 1999 [17]. The EHRs are de-identified according
to the Health Insurance Portability and Accountability Act
and the Health Information Technology for Economic and
Clinical Health Act standards. After the de-identification
process, curation process normalizes the data through
mapping key elements to widely-accepted standards [18].
Specifically, disease terms are coded using the Systematized
Nomenclature of Medicine-Clinical Terms (SNOMED-CT),
a global standard for health terms that provides the core
general terminology for EHRs [19]. Previous studies
showed that with this large-scale and standardized EHR
database, large case-control studies can be undertaken
efficiently [20–24], including our recent studies [23, 24].

Study population

At the time of this study (June 15, 2020), the study
population consisted of 73,099,850 unique patients,
including 7,510,380 patients with a diagnosis with SUD
(diagnosis made within the past year or prior) of whom
722,370 had been recently diagnosed with SUD (diag-
nosed within past year), 12,030 patients diagnosed with
COVID-19, 1880 patients with lifetime diagnosis of SUD
and COVID-19, and 1050 with recent SUD diagnosis and
COVID-19. The status of COVID-19 was based on the
concept “Coronavirus infection (disorder)” (SNOMED-
CT Concept Code 186747009) and we further limited the
diagnosis time frame to within the past year to capture the
timing of new cases arising during the COVID-19 pan-
demic. The outcome measures were COVID-19 diagnosis,
rates of death, and hospitalization. The specific types of
SUD examined included alcohol use disorder (AUD),

OUD, tobacco use disorder (TUD), cannabis use disorder
(CUD), and cocaine use disorder (Cocaine-UD). Other
types of SUDs were not investigated due to their small
number of COVID-19 cases.

The status of “SUD” was based on diagnosis of “Drug
dependence (disorder)” on SNOMED-CT Concept Code
191816009, or of “Substance abuse (disorder)” on
SNOMED-CT Concept Code 66214007. The status of
“AUD” was based on the diagnosis of “Alcohol dependence
(disorder)” on Concept Code 66590003, or of “Alcohol
abuse (disorder)” on Concept Code 7200002. The status of
“CUD” was based on the diagnosis of “Cannabis depen-
dence (disorder)” on Concept Code 85005007 or of “Can-
nabis abuse (disorder)” on Concept Code 37344009. The
status of “Cocaine-UD” was based on the diagnosis of
“Cocaine dependence (disorder)” on SNOMED-CT Con-
cept Code 31956009, or of “Cocaine abuse (disorder)” on
Concept Code 78267003. The status of “OUD” was based
on diagnosis of “Opioid dependence (disorder)” on Concept
Code 75544000, or of “Nondependent opioid abuse (dis-
order)” on Concept Code 191909007. The status of “TUD”
was based on diagnosis of “Nicotine dependence (dis-
order)” on Concept Code 56294008. In our study, patients
with SUD were categorized into two groups: patients with a
lifetime diagnosis of SUD (diagnosed within past year or
prior) and patients with a “recent” SUD (diagnosed within
the past year). The first group represents patients with any
SUD diagnosis (active or recovered). The second group is a
subset of the first group but more likely consists of patients
with active SUD. Through this manuscript we use the term
SUD, following DSM-5 [25], which combines the prior
categories of substance abuse and substance dependence
from DSM-4.

The following analyses were performed: (1) we exam-
ined if patients diagnosed with SUD were at increased the
risk for COVID-19, adjusted for age, gender, race, and
insurance type. The exposure groups were patients diag-
nosed with SUD, the unexposed groups were patients
without SUD, and the outcome measure was diagnosis of
COVID-19. Separate analyses were done for patients with a
lifetime SUD diagnosis and for patients with a recent SUD.
Separate analyses were done for subtypes of SUD. (2) We
examined how demographic factors affected COVID-19
risk among patients with recent diagnosis of SUD. The case
groups were patients with SUD and one of the following
demographic factors: female, senior, African American. The
comparison groups were patients with SUD and one of the
following corresponding demographic factors (male, adult,
Caucasian). The outcome measure was diagnosis of
COVID-19. (3) We examined rates of death and hospitali-
zation among patients with COVID-19 and SUD and
compared outcomes of African Americans to those of
Caucasians with SUD.
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Statistical analysis

The adjusted odds ratio (AOR), 95% CI and P values were
calculated using the Cochran–Mantel–Haenszel method
[26] by controlling for age groups (juniors age <18 years,
adults age 18–65 years, senior age > 65 years), gender
(female, male), race (Caucasian, African American), and
insurance type (private, medicare, medicaid, self pay).
Other demographic groups were not included due to
insufficient sample sizes for COVID-19 cases. Two-sided,
2-sample test for equality of proportions with continuity
correction were used to compare prevalence of comorbid-
ities and outcomes. Statistical tests were conducted with
significance set at P value < 0.05 (two sided). All analyses
were done using R, version 3.6.3.

Results

Patient characteristics

The baseline characteristics of the study population (as of
June 15, 2020) are presented in Table 1. Among 73,099,850
patients, 7,510,380 patients had lifetime SUD (diagnosed
within the last or prior years) (10.27% of study population),
including 1,264,990 with AUD (1.73% of study popula-
tion), 222,680 with Cocaine-UD (0.30%), 490,420 with
CUD (0.67%), 6,414,580 with TUD (8.77%), and 471,520
with OUD (0.65%). Among 73,099,850 patients, 722,370
had recent SUD (diagnosed within the last year) (0.99% of
total population), including 83,100 with AUD (0.11%),
14,800 with Cocaine-UD (0.02%), 27,650 with CUD
(0.04%), 611,750 with TUD (0.84%), and 43,160 with
OUD (0.06%).

Among 12,030 patients diagnosed with COVID-19,
1880 patients had lifetime SUD (15.63% in COVID-19
population), including 320 with AUD (2.66%), 70 with
Cocaine-UD (0.58%), 80 with CUD (0.67%), 1470 with
TUD (12.22%), and 210 with OUD (1.75%). Among
12,030 patients diagnosed with COVID-19, 1050 had recent
SUD (8.73% in COVID-19 population), including 130 with
recent AUD (1.03%), 30 with Cocaine-UD (0.25%), 30
with CUD (0.25%), 840 with TUD (6.98%), and 90 with
OUD (0.75%).

Risk associations between SUD and COVID-19

Patients with recent SUD diagnosis had significantly higher
risk of developing COVID-19 compared to patients without
recent SUD diagnosis, after adjusting for age, gender, race,
and insurance types. The AOR between recent SUD diag-
noses and COVID-19 was 8.699 [8.411–8.997]. Among
patients with SUD subtypes, individuals with OUD had the

largest risk (AOR= 10.244 [9.107–11.524]), followed by
TUD (AOR= 8.222 ([7.925–8.530]), AUD (AOR= 7.752
[7.04–8.536]), Cocaine-UD (AOR= 6.53 [5.242–8.134])
and CUD (AOR= 5.296 [4.392–6.388]) (Fig. 1a).

Patients with lifetime SUD diagnosis had significantly
higher risk of developing COVID-19 compared to patients
without SUD, after adjusting for age, gender, race, and
insurance types. The AOR between those with lifetime SUD
and COVID-19 was 1.459 [1.421–1.499]; for whom, indi-
viduals with OUD had the largest risk (AOR= 2.42
[2.247–2.607], followed by cocaine-UD (AOR= 1.57
[1.393–1.77], AUD (AOR= 1.417 [1.335–1.504], and
TUD (AOR= 1.332 [1.294–1.372]. Among 7,510,380
patients with lifetime SUD diagnosis, 722,370 had recent
diagnosis (9.6%) (Fig. 1b).

Patients with SUD often have multiple comorbidities,
including cardiovascular, pulmonary, metabolic diseases,
and increased susceptibility to infections [6–10], which are
also risk factors for COVID-19 [11–13]. We then examined
prevalence of these known COVID-19 risk factors among
adult patients with recent diagnosis of SUD and compared
them to adult patients without recent SUD diagnosis. As
shown in Table 2, patients with recent diagnosis of SUD
had significantly higher prevalence of asthma, chronic
kidney disease, chronic obstructive pulmonary disease,
diabetes, cancer, HIV, chronic liver disease, cardiovascular
diseases including hypertension, and obesity as compared to
patients without recent SUD diagnosis of SUD. Patients
with recent diagnosis of OUD had higher risk of COVID-19
than other SUD subtypes, however, the prevalence of risk
factors for COVID-19 was not higher than for other SUD
subtypes.

Individuals with OUD had the greatest risk for COVID-
19 among patients with SUD (Fig. 1) but they did not have
more comorbidities (known COVID-19 risk factors) than
those with other SUDs. We then examined if medications
used to treat OUD (MOUD), including methadone (though
when used for OUD its dispensed through methadone
clinics and not regular prescriptions), buprenorphine (which
is also prescribed for pain management) and naltrexone,
affected the risk of patients with OUD in getting COVID-
19. There was no significant difference in risk for COVID-
19 between OUD patients who were not prescribed
methadone, buprenorphine or naltrexone vs. those that were
(AOR= 1.064, [0.871–1.3], P value= 0.578) after adjust-
ing for age, gender, race, and insurance types. These results
indicate that these opioid medications had no significant
effects on OUD patients’ risk for COVID-19. However, a
limitation in this analysis is that the EHR dataset does not
capture methadone given through methadone clinics, which
is the authorized way when used for the treatment of OUD.
Regardless, our results did not show differences in COVID
risk for OUD patients prescribed methadone, buprenorphine
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or naltrexone compared to those who did not receive those
medications.

Effects of demographics on risk of COVID-19 among
patients with recent SUD

Among patients with a recent diagnosis of SUD, seniors
were more likely to develop COVID-19 compared to adults
(AOR= 1.307 (1.207–1.416]) and African Americans were
more likely to develop COVID-19 compared to Caucasians
(AOR= 2.173 [2.01–2.349], after adjusting for age, gender
and insurance types. Gender had no significant effects, after
adjusting for age, race, and insurance types. Of the three
demographic factors examined, race had the largest effect
on COVID-19 risk, which was true across individuals with
SUD, AUD, OUD, and TUD with the largest effects for
patients with recent diagnosis of OUD. Among patients
with recent diagnosis of OUD, African Americans had
significantly higher risk of COVID-19 than Caucasians
(4.162 [3.13–5.533], after adjusting for age, gender, and
insurance types (Fig. 2). We examined prevalence of known

COVID-19 risk factors among African Americans and
Caucasians with recent diagnosis of SUD (and its subtypes).
We showed that African Americans with recent diagnosis of
SUDs had higher prevalence of asthma, chronic kidney
disease, type 2 diabetes, hypertension, obesity, and HIV
compared to Caucasians, while prevalence of COPD,
chronic liver disease, cardiovascular disorders, and cancer
was similar or lower (data not shown).

Rates of deaths and hospitalizations in COVID-19
patients with SUD

Among 12,030 COVID-19 patients, 790 died (6.57%).
African Americans with COVID-19 had a death rate of
7.50%, significantly higher than for Caucasians who had a
rate of 6.18% (P= 0.007). Among 1,880 COVID-19
patients with lifetime SUD, 180 died (9.57%), a rate sig-
nificantly higher than the death rate of 6.57% for all
COVID-19 patients (P < 0.0001). African Americans with
COVID-19 and lifetime SUD had a death rate of 12.99%,
significantly higher than the rate of 8.57% for Caucasians

Table 1 Patient characteristics.

Patient Study population SUD (All) SUD (Recent) COVID-19 COVID-19+
SUD (All)

COVID-19+
SUD (Recent)

Total 73,099,850 7,510,380 722,370 12,030 1880 1050

Gender

Female 39,215,260 (54%) 3,528,890 (47%) 351,760 (49%) 7160 (60%) 920 (49%) 510 (49%)

Male 33,388,310 (46%) 3,972,450 (53%) 366,960 (51%) 4840 (40%) 950 (52%) 540 (51%)

Unknown 497,080 (1%) 9040 (<1%) 3640 (<1%) 30 (<1%) 10 (<1%) 0 (0%)

Age

Adult
(18–65)

43,797,300 (60%) 5,458,840 (73%) 502,770 (70%) 8180 (68%) 1200 (64%) 670 (64%)

Senior
(>65)

17,810,980 (24%) 2,034,850 (27%) 217,380 (30%) 3160 (26%) 670 (36%) 380 (36%)

Junior
(<18)

10,547,380 (14%) 21,970 (<1%) 3670 (1%) 700 (6%) 10 (<1%) 0 (0%)

Race

Caucasian 40,065,790 (55%) 5,505,640 (73%) 525,560 (73%) 5500 (46%) 1050 (56%) 610 (58%)

African
American

7,523,880 (10%) 1,206,150 (16%) 144,950 (20%) 5470 (45%) 770 (41%) 410 (39%)

Asian 1,184,420 (2%) 63,610 (1%) 5000 (1%) 130 (1%) 0 (0%) 0 (0%)

Hispanic/
Latino

1,055,220 (1%) 69,790 (1%) 5090 (1%) 10 (<1%) 0 (0%) 0 (0%)

Unknown 8,995,110 (12%) 832,070 (11%) 65,090 (9%) 530 (5%) 150 (8%) 110 (10%)

Insurance

Private 25,775,370 (35%) 3,389,040 (45%) 339,900 (47%) 2020 (17%) 480 (26%) 330 (31%)

Medicare 7 7,598,120 (10%) 1,618,980 (22%) 184,940 (26%) 580 (5%) 300 (16%) 210 (20%)

Medicaid 6,094,580 (8%) 1,292,880 (17%) 149,690 (21%) 530 (4%) 160 (9%) 110 (10%)

Self pay 4,904,960 (7%) 806,110 (11%) 40,410 (6%) 160 (1%) 50 (3%) 30 (3%)

Unknown 6,157,570 (8%) 604,540 (8%) 33,340 (5%) 180 (1%) 60 (3%) 40 (4%)

Number of cases and percentage (%) are shown.
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with COVID-19 and lifetime SUD (P= 0.003). Among
1050 COVID-19 patients with recent diagnosis of SUD,
100 died (9.52%), a rate significantly higher than that for
general COVID-19 patients (P= 0.003) and similar to that
for COVID-19 patients with lifetime SUD (9.57%). Death
rates for patients with COVID-19 and a recent diagnosis of
SUD did not differ significantly between African Americans
(12.20%) and Caucasians (9.84%) (P= 0.276) (Fig. 3a).
The death rates for SUD subtypes were not examined due to
their small sample sizes.

Among 12,030 COVID-19 patients, 3620 were hospita-
lized (30.09%) and the rate was significantly higher among
the African Americans (35.56%) than the Caucasians
(26.36%) (P < 0.0001). Among 1880 COVID-19 patients
with lifetime SUD, 770 were hospitalized (40.96%), a rate
significantly higher than for all COVID-19 patients
(30.09%) (P < 0.0001) and also significantly higher among
the African Americans (50.65%) than the Caucasians
(35.24%) (P < 0.0001). Among 1050 COVID-19 patients
with recent diagnosis of SUD, 460 were hospitalized
(43.81%), a rate significantly higher than for general
COVID-19 patients (30.09%) (P < 0.0001) and similar to
that for COVID-19 patients with lifetime SUD (40.96%)
(P= 0.144). Hospitalization rates for COVID-19 patients
with a recent diagnosis of SUD were significantly higher for
African Americans (53.66%), than for Caucasians (37.70%)
(P < 0.0001) (Fig. 3b).

Fig. 1 a Risk associations of recent (diagnosis made in the last year)
SUD diagnoses (and its subtypes) with COVID-19; b Risk associa-
tions of lifetime (diagnosed in the last year or prior) SUD diagnoses
(and its subtypes) with COVID-19. SUD substance use disorder, AUD
alcohol use disorder, Cocaine-UD cocaine use disorder, CUD cannabis
use disorder, OUD opioid use disorder, TUD tobacco use disorder.
Subtypes without sufficient sample sizes for COVID-19 cases are
not shown.

Table 2 Prevalence of known
risk factors for COVID-19
among adult patients with recent
diagnosis of SUD (and its
subtypes) (“Y”) versus adult
patients without recent diagnosis
of SUD (and its subtypes) (“N”).

Asthma
(%)

CKD COPD
(%)

T2D
(%)

CLD
(%)

CVD
(%)

HP
(%)

Obesity
(%)

HIV Cancer
(%)

SUD

Y 22.11 6.25 18.86 18.60 8.26 72.67 48.99 30.12 1.75 15.06

N 6.89 1.03 1.63 4.64 1.20 23.34 13.02 7.23 0.27 3.83

AUD

Y 17.86 5.77 16.86 14.91 12.61 73.61 53.77 21.38 2.35 14.41

N 7.05 1.09 1.80 4.79 1.27 23.83 13.37 7.47 0.29 3.95

Cocaine-UD

Y 25.77 10.09 22.03 20.73 16.34 75.45 51.33 25.56 4.90 10.37

N 7.06 1.09 1.82 4.80 1.28 23.89 13.42 7.49 0.29 3.96

CUD

Y 23.89 5.32 11.23 11.98 5.32 61.65 34.41 23.60 2.36 9.18

N 7.05 1.09 1.82 4.80 1.09 23.89 13.42 7.49 0.29 3.96

OUD

Y 23.93 7.60 17.63 17.44 7.60 71.49 46.35 26.75 1.70 15.98

N 7.05 1.09 1.81 4.79 1.09 23.87 13.40 7.48 0.28 3.85

TUD

Y 23.16 6.56 21.13 19.93 7.891 74.89 50.89 32.37 1.70 15.98

N 6.91 1.04 1.64 4.66 1.22 23.42 13.07 7.26 0.28 3.85

CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, T2D diabetes mellitus type 2,
CLD chronic liver disease, CVD cardiovascular diseases, HP hypertension.
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Discussion

Based on EHR patient data in the US we show that indi-
viduals with SUD, particularly recent OUD, were at
increased risk for COVID-19 and these effects were exa-
cerbated in African Americans compared to Caucasians.
The higher prevalence of kidney, pulmonary, liver, cardi-
ovascular, metabolic, and immune-related disorders in
COVID-19 patients with SUD and also in African Amer-
icans are likely contribute to their higher risk. These find-
ings identify individuals with SUD as a vulnerable
population, especially African Americans with SUDs, who
are at significantly increased risk for COVID-19 and its
adverse outcomes, highlighting the need to screen and treat
SUD as part of the strategy to control the pandemic while
ensuring that there are no disparities in access to healthcare
support for African Americans.

In the Explorys EHR database, 10.3% of the study popu-
lation had a diagnosis of SUD, which is similar to the reported
prevalence of 10.8% among people aged 18 or older in the
US according to the 2018 National Survey on Drug Use and
Health (NSDUH) [5]. However the prevalence rates for SUD
subtypes from the Explorys EHR database was lower than for
NSDUH (12 years or older population) except for OUD and
Cocaine-UD. For TUD the rate was 10.40%, which is also
lower than 13.7% of current cigarette smokers in the US adult
population [27]. These discrepancies are likely to be caused
by the failure of the health system to adequately screen for
and accurately diagnose SUDs, which could have sig-
nificantly under-estimated the risk of patients with SUD for
COVID-19 illness and adverse outcomes.

The analyses showed that a recent diagnosis of SUD
significantly increased the risk of COVID-19 that was

highest for recent diagnosis of OUD followed by TUD,
AUD and Cocaine-UD, and lowest for CUD. Patients with
both SUD and COVID-19 also had significantly worse
outcomes (death, hospitalization) than general COVID-19
patients. Compared to patients without SUD, patients with
recent SUD had significantly higher prevalence of chronic
kidney, liver, lung diseases, cardiovascular diseases, type 2
diabetes, obesity and cancer. However, the prevalence of
known risk factor for COVID-19 among patients with OUD
was not higher than patients with other types of SUD. These
results suggest that while comorbidities associated with
SUD likely contributed to the increased risk of COVID-19
and to worse outcomes among SUD patients, specific
pharmacological effects of drugs of abuse (e.g., opioid
induced respiratory depression) as well as behavioral and
socioeconomic factors could facilitate COVID-19 infection
and increase risk for adverse outcomes.

Among patients with recent diagnosis of SUD, African
Americans had significantly higher risk of COVID-19 than
Caucasians, an effect that was strongest for African
Americans with OUD and they also had worse outcomes
(death and hospitalizations). This is consistent with data
from states and counties across the US showing that the
coronavirus affects African Americans at a dis-
proportionately high rate and that the they suffer a greater
death toll [28–31]. We showed that adult African Amer-
icans with recent diagnosis of SUDs had higher prevalence
of asthma, chronic kidney disease, type 2 diabetes, hyper-
tension, obesity and HIV compared to adult Caucasians.
These enriched comorbidities in African Americans with
SUD could underly their higher susceptibility to COVID-19
and their risk for adverse COVID outcomes along with
socioeconomic disparities. However, these comorbidities
alone may not be sufficient to explain the observed several-
fold increase of COVID-19 diagnosis in African Americans
as compared to Caucasians or their increased death rates.
Other factors including access to healthcare, socioeconomic
status and other social adversity components may have
contributed negatively to their increased risk of COVID-19
as well as to the adverse outcomes.

Consistent with other reports [12, 13], our study showed
that seniors were more likely to develop COVID-19 than
adults, which was also expected since hypertension, dia-
betes, obesity, cardiovascular diseases, and weakened
immune function are more common in seniors than in
adults. No disparity was observed for gender.

Our study is based on retrospective analysis of patient
EHR data. Patient EHR data have been widely used and
accepted for observational studies including health utiliza-
tion, drug utilization, epidemiology (incidence/prevalence),
risk factors, and safety surveillance [32–34]. However
patient EHR data have inherent limitations when used for
research purposes: data are collected for billing purposes,

Fig. 2 Effects of demographics on COVID-19 susceptibility among
patients with recent SUD and its subtypes. Cocaine-UD and CUD
were not examined due to insufficient sample sizes of COVID-19 for
stratifications. Senior (age > 65 years). Adult (age 18–65 years).
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often suffer from under, over, or misdiagnosis, do not
include all confounding factors, have limited time-series
information, limited information of medication adherence
and patient outcomes, among others. The Explorys EHR

Database collects data from multiple health information
systems. Since EHR adoption and health IT use generally
lags in rural areas due to lack of financial and technical
resources, patients from rural areas are likely less

Fig. 3 Outcomes in patients with COVID-19 and SUD. a Death
rates among patients with COVID-19 and SUD (African American vs.
Caucasians); b Hospital admission rates among patients with COVID-
19 and SUD (African American vs. Caucasians). The SNOMED-CT

concepts “Hospital admission (procedure)” (ID 32485007) was used to
obtain hospitalization status from patient EHRs. Explorys regularly
imports from the Social Security Death index for the “deceased”
status.
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represented in our study population. In our study, disease
diagnoses in the patient EHR data were coded using
SNOMED-CT terminology and for SUD these differ from
categories used by DSM-5. A further limitation of our study
is that “COVID-19” (Concept ID 840539006) was not yet
included the Explorys EHRs database at the time of this
study. This new concept was first included in the March
2020 SNOMED-CT International Edition Interim Release,
with a planned update in July, 2020 [35]. At the time of this
study, this update has not been yet incorporated in Explorys
EHRs. Despite these limitations, this large nationwide
database allows us to assess a wide population helping us
identify large trends (not necessarily for accurate prevalence
estimation) in risks, disparities and outcomes of COVID-19
in SUD patients engaged with healthcare systems.

A major limitation for this and other studies of COVID-
19 has been the limited number of individuals who are
tested for COVID-19, which can underestimate prevalence
in the general population. For our study this is further
confounded by the likelihood that patients with pulmonary,
cardiac, metabolic or immune conditions, many of which
are co-morbid with SUD, might have been more likely to be
tested. It is also confounded by the likelihood that patients
with specific SUDs (e.g., Cocaine-UD and OUD) might
have been less likely to be tested due to socioeconomic
factors or stigma. Widespread accessibility to COVID-19
testing in the future will allow more accurate comparisons
of COVID prevalence between those with and
without SUD.

Additional limitations for this study include: (1) possible
ascertainment bias as illicit SUD might have been under-
reported and individuals with SUD particularly illicit SUD
are less likely to access healthcare, which would result in
their lower representation in EHR, (2) the EHR database did
not encode for current or active drug use, which is why we
relied on a recent SUD diagnoses assuming that those
patients were more likely to be active drug users, and (3)
due to limited information of socioeconomic information on
the EHR data, we were unable to assess the effects of social
adversity and its interaction with medical conditions to
COVID-19 risk, race disparity and adverse outcomes
among patients with SUD. Social adversity is likely to have
contributed not only to the higher risk for COVID-19
among patients with SUD but also to the even higher risk
among African Americans patients with SUD.

In our study, we showed that patients with SUDs has
significantly higher prevalence of comorbidities, which are
known risk factors for COVID-19, as compared to patients
without SUDs. Our study did not control for these comor-
bidities when assessing the risk associations between SUD
and COVID-19 for two main reasons. First, the central
hypothesis of this study was that comorbidities associated
with SUD, including type 2 diabetes, hypertension, heart

disease, chronic kidney, lung, and liver diseases, largely
contributed to patients’ risk to COVID-19 and its adverse
outcomes. Second, due to limited sample sizes for COVID-
19 cases among patients with SUD (1880 cases for all SUD
and 210 for OUD), the large number of SUD-associated
comorbidities, as well as inter-dependency among comor-
bidities (e.g., diabetes, hypertension, and obesity), we are
currently unable to control for these comorbidities as well as
their associated medications, behaviors and other socio-
economic factors in order to assess the direct effects of
addictive drugs or of SUD as a disease entity on COVID-19
risk. As more COVID-19 related data will be captured by
EHR databases in the future, we will be able to investigate
how SUD contributes to COVID-19 risk and outcomes in
finer-grained details.

In summary, our findings at a macroscopic level provide
evidence that SUD should be considered a condition that
increases risk for COVID-19, a comorbidity that has parti-
cularly deleterious effects to African Americans. This has
implication to healthcare as it relates to expanding testing
and making decisions of who might need hospitalizations.
Similarly, when vaccine or other treatments become avail-
able, this has implication for deciding who is at greater risk.
They also highlight the exacerbation of healthcare dis-
parities from COVID-19 driven by social and economic
factors that place certain groups at increased risks for both
SUD as well as risk and adverse outcomes from COVID-19.
Finally, our findings also underscore the importance of
providing support for the treatment and recovery of indi-
viduals with SUD as part of the strategy to control the
COVID pandemic.

Data availability
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public/data/COVID_SUD/.

Acknowledgements RX acknowledges support from Eunice Kennedy
Shriver National Institute of Child Health & Human Development of
the National Institutes of Health under the NIH Director’s New
Innovator Award number DP2HD084068, NIH National Institute on
Aging R01 AG057557, R01 AG061388, R56 AG062272, American
Cancer Society Research Scholar Grant RSG-16-049-01—MPC, The
Clinical and Translational Science Collaborative (CTSC) of Cleveland
1UL1TR002548-01.

Funding The funder of the study had no role in study design, data
collection, data analysis, data interpretation, and writing of the report.
The corresponding author (RX) had full access to all the data in the
study and had final responsibility for the decision to submit for
publication.

Author contributions QW, RX, and NDV conceived the study,
designed the study, and authored the paper. QW and RX conducted the
analysis. DK contributed to Explorys EHR database-related search

COVID-19 risk and outcomes in patients with substance use disorders: analyses from electronic health. . . 37

http://nlp.case.edu/public/data/COVID_SUD/
http://nlp.case.edu/public/data/COVID_SUD/


questions and medical informatics-related questions. All authors
approved the paper. QW and RX had access to the original data.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Centers for Disease Control and Prevention (CDC). Coronavirus
Disease 2019 (COVID-19) Cases in the United States.
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-
in-us.html. Accessed 15 June 2020.

2. Volkow ND. Collision of the COVID-19 and addiction epidemics.
Ann Intern Med. 2020;M20-1212. https://doi.org/10.7326/M20-
1212.

3. Becker WC, Fiellin DA. When epidemics collide: coronavirus
disease 2019 (COVID-19) and the opioid crisis. Ann Intern Med.
2020;M20-1210. https://doi.org/10.7326/M20-1210.

4. Alexander GC, Stoller KB, Haffajee RL, Saloner B. An epidemic in
the midst of a pandemic: opioid use disorder and COVID-19. Ann
Intern Med. 2020;M20-1141. https://doi.org/10.7326/M20-1141.

5. The Substance Abuse and Mental Health Services Administration
(SAMHSA) of the U.S. Department of Health and Human Ser-
vices. Key Substance Use and Mental Health Indicators in the
United States: results from the 2018 National Survey on Drug Use
and Health. https://www.samhsa.gov/data/sites/default/files/cbhsq-
reports/NSDUHNationalFindingsReport2018/NSDUHNationa
lFindingsReport2018.pdf. Accessed 15 June 2020.

6. National Institute on Drug Abuse. Health consequences of drug
misuse (2020). https://www.drugabuse.gov/related-topics/health-
consequences-drug-misuse. Accessed 10 June 2020.

7. Bahorik AL, Satre DD, Kline-Simon AH, Weisner CM, Campbell
CI. Alcohol, cannabis, and opioid use disorders, and disease
burden in an integrated health care system. J Addict Med.
2017;11:3–9. https://doi.org/10.1097/ADM.0000000000000260.

8. Friedman H, Pross S, Klein TW. Addictive drugs and their rela-
tionship with infectious diseases. FEMS Immunol Med Microbiol.
2006;47:330–42. https://doi.org/10.1111/j.1574-695X.2006.00097.x.

9. Friedman H, Newton C, Klein TW. Microbial infections, immu-
nomodulation, and drugs of abuse. Clin Microbiol Rev.
2003;16:209–19. https://doi.org/10.1128/cmr.16.2.209-219.2003.

10. National Institute on Drug Abuse. Health Consequences of Drug
Misuse:HIV, Hepatitis, and Other Infectious Diseases. https://www.
drugabuse.gov/publications/health-consequences-drug-misuse/hiv-
hepatitis-other-infectious-diseases. Accessed 15 June 2020..

11. The Centers for Disease Control and Prevention (CDC). Groups at
higher risk for COVID-19 severe illness (June, 2020).
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-preca
utions/groups-at-higher-risk.html#serious-heart-conditions.
Accessed 10th June 2020.

12. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn
T, Davidson KW, et al. Presenting characteristics, comorbidities,
and outcomes among 5700 patients hospitalized with COVID-19
in the New York city area. JAMA. 2020;e206775. https://doi.org/
10.1001/jama.2020.6775.

13. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in

Wuhan, China: a retrospective cohort study. Lancet. 2020;395:
1054–62. https://doi.org/10.1016/S0140-6736(20)30566-3.

14. Vardavas CI, Nikitara K. COVID-19 and smoking: a systematic
review of the evidence. Tob Induc Dis. 2020;18:20. https://doi.
org/10.18332/tid/119324.

15. Patanavanich R, Glantz SA. Smoking is associated with COVID-
19 progression: a meta-analysis. Nicotine Tob Res. 2020; ntaa082.
https://doi.org/10.1093/ntr/ntaa082.

16. Berlin I, Thomas D, Le Faou AL, Cornuz J. COVID-19 and
smoking. Nicotine Tob Res. 2020;ntaa059. https://doi.org/10.
1093/ntr/ntaa059.

17. IBM Explorys EHR solutions. https://www.ibm.com/watson-hea
lth/about/explorys. Acessed through May 15 to June 15, 2020.

18. Bodenreider O. The Unified Medical Language System (UMLS):
integrating biomedical terminology. Nucleic Acids Res. 2004;32:
D267–70. https://doi.org/10.1093/nar/gkh061.

19. SNOMED International. The systematized nomenclature of
medicine—clinical terms (SNOMED CT). http://www.snomed.
org/snomed-ct/why-snomed-ct.

20. Kaelber DC, Foster W, Gilder J, Love TE, Jain AK. Patient
characteristics associated with venous thromboembolic events: a
cohort study using pooled electronic health record data. J Am Med
Inf Assoc. 2012;19:965–72. https://doi.org/10.1136/amiajnl-2011-
000782.

21. Patel VN, Kaelber DC. Using aggregated, de-identified electronic
health record data for multivariate pharmacosurveillance: a case
study of azathioprine. J Biomed Inf. 2014;52:36–42. https://doi.
org/10.1016/j.jbi.2013.10.009.

22. Winhusen T, Theobald J, Kaelber DC, Lewis D. Medical
complications associated with substance use disorders in
patients with type 2 diabetes and hypertension: electronic health
record findings. Addiction 2019;114:1462–70. https://doi.org/
10.1111/add.14607.

23. Zhou M, Xu R, Kaelber DC, Gurney ME. Tumor Necrosis Factor
(TNF) blocking agents are associated with lower risk for Alz-
heimer’s disease in patients with rheumatoid arthritis and psor-
iasis. PLoS ONE. 2020;15:e0229819. https://doi.org/10.1371/
journal.pone.0229819.

24. Zhou M, Zheng CL, Xu R. Combining phenome-driven drug
target prediction with patients’ electronic health records-based
clinical corroboration towards drug discocery. Bioinformatics.
2020. https://doi.org/10.1093/bioinformatics/btaa451.

25. American Psychiatric Association. Diagnostic and statistical
manual of mental disorders (DSM-5®). American Psychiatric
Association Publishing.

26. Kuritz SJ, Landis JR, Koch GG. A general overview of
Mantel–Haenszel methods: applications and recent developments.
Annu Rev Public Health. 1988;9:123–60. https://doi.org/10.
1146/annurev.pu.09.050188.001011.

27. Creamer MR, Wang TW, Babb S, Cullen KA, Day H, Willis G,
et al. Tobacco product use and cessation indicators among adults
—United States, 2018. Morb Mortal Wkly Rep. 2019;68:1013–9.
https://doi.org/10.15585/mmwr.mm6845a2.

28. Yancy CW. COVID-19 and African Americans. JAMA. 2020.
https://doi.org/10.1001/jama.2020.6548.

29. Owen WF Jr, Carmona R, Pomeroy C. Failing another national
stress test on health disparities. JAMA. 2020. https://doi.org/10.
1001/jama.2020.6547.

30. Wadhera RK, Wadhera P, Gaba P, Figueroa JF, Maddox KE, Yeh
RW, et al. Variation in COVID-19 hospitalizations and deaths
across New York city Boroughs. JAMA. 2020;e207197. https://
doi.org/10.1001/jama.2020.7197.

31. Williams DR, Cooper LA. COVID-19 and health equity-a new
kind of “herd immunity”. JAMA. 2020. https://doi.org/10.1001/ja
ma.2020.8051.

38 Q. Q. Wang et al.

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://doi.org/10.7326/M20-1212
https://doi.org/10.7326/M20-1212
https://doi.org/10.7326/M20-1210
https://doi.org/10.7326/M20-1141
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.drugabuse.gov/related-topics/health-consequences-drug-misuse
https://www.drugabuse.gov/related-topics/health-consequences-drug-misuse
https://doi.org/10.1097/ADM.0000000000000260
https://doi.org/10.1111/j.1574-695X.2006.00097.x
https://doi.org/10.1128/cmr.16.2.209-219.2003
https://www.drugabuse.gov/publications/health-consequences-drug-misuse/hiv-hepatitis-other-infectious-diseases
https://www.drugabuse.gov/publications/health-consequences-drug-misuse/hiv-hepatitis-other-infectious-diseases
https://www.drugabuse.gov/publications/health-consequences-drug-misuse/hiv-hepatitis-other-infectious-diseases
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html#serious-heart-conditions
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html#serious-heart-conditions
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.18332/tid/119324
https://doi.org/10.18332/tid/119324
https://doi.org/10.1093/ntr/ntaa082
https://doi.org/10.1093/ntr/ntaa059
https://doi.org/10.1093/ntr/ntaa059
https://www.ibm.com/watson-health/about/explorys
https://www.ibm.com/watson-health/about/explorys
https://doi.org/10.1093/nar/gkh061
http://www.snomed.org/snomed-ct/why-snomed-ct
http://www.snomed.org/snomed-ct/why-snomed-ct
https://doi.org/10.1136/amiajnl-2011-000782
https://doi.org/10.1136/amiajnl-2011-000782
https://doi.org/10.1016/j.jbi.2013.10.009
https://doi.org/10.1016/j.jbi.2013.10.009
https://doi.org/10.1111/add.14607
https://doi.org/10.1111/add.14607
https://doi.org/10.1371/journal.pone.0229819
https://doi.org/10.1371/journal.pone.0229819
https://doi.org/10.1093/bioinformatics/btaa451.
https://doi.org/10.1146/annurev.pu.09.050188.001011
https://doi.org/10.1146/annurev.pu.09.050188.001011
https://doi.org/10.15585/mmwr.mm6845a2
https://doi.org/10.1001/jama.2020.6548
https://doi.org/10.1001/jama.2020.6547
https://doi.org/10.1001/jama.2020.6547
https://doi.org/10.1001/jama.2020.7197
https://doi.org/10.1001/jama.2020.7197
https://doi.org/10.1001/jama.2020.8051
https://doi.org/10.1001/jama.2020.8051


32. Cowie MR, Blomster JI, Curtis LH, Duclaux S, Ford I, Fritz F,
et al. Electronic health records to facilitate clinical research.
Clin Res Cardiol. 2017;106:1–9. https://doi.org/10.1007/
s00392-016-1025-6.

33. Coorevits P, Sundgren M, Klein GO, Bahr A, Claerhout B, Daniel C,
et al. Electronic health records: new opportunities for clinical research.
J Intern Med. 2013;274:547–60. https://doi.org/10.1111/joim.12119.

34. Ahmad FS, Chan C, Rosenman MB, Post WS, Fort DG, Greenland
P, et al. Validity of cardiovascular data from electronic sources: the
multi-ethnic study of atherosclerosis and HealthLNK. Circulation.
2017;136:1207–16. https://doi.org/10.1161/CIRCULATIONAHA.
117.027436.

35. SNOMED CT and COVID-19. https://www.snomed.org/snomed-
ct/covid-19. Data Accessed 15th June 2020.

COVID-19 risk and outcomes in patients with substance use disorders: analyses from electronic health. . . 39

https://doi.org/10.1007/s00392-016-1025-6
https://doi.org/10.1007/s00392-016-1025-6
https://doi.org/10.1111/joim.12119
https://doi.org/10.1161/CIRCULATIONAHA.117.027436
https://doi.org/10.1161/CIRCULATIONAHA.117.027436
https://www.snomed.org/snomed-ct/covid-19
https://www.snomed.org/snomed-ct/covid-19

	COVID-19 risk and outcomes in patients with substance use disorders: analyses from electronic health records in the United States
	Abstract
	Introduction
	Material and methods
	Database description
	Study population
	Statistical analysis

	Results
	Patient characteristics
	Risk associations between SUD and COVID-19
	Effects of demographics on risk of COVID-19 among patients with recent SUD
	Rates of deaths and hospitalizations in COVID-19 patients with SUD

	Discussion
	Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Acknowledgements

	ACKNOWLEDGMENTS
	Compliance with ethical standards

	References


