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A B S T R A C T

Background: Both opioid use and COVID-19 affect respiratory and pulmonary health, potentially putting indi-
viduals with opioid use disorders (OUD) at risk for complications from COVID-19. We examine the relation-
ship between OUD and subsequent hospitalization, length of stay, risk for invasive ventilator dependence
(IVD), and COVID-19 mortality.
Methods: Multivariable logistic and exponential regression models using electronic health records data from
the Cerner COVID-19 De-Identified Data Cohort from January through June 2020.
Findings: Out of 52,312 patients with COVID-19, 1.9% (n=1,013) had an OUD. COVID-19 patients with an OUD
had higher odds of hospitalization (aOR=3.44, 95% CI=2.81�4.21), maximum length of stay (eb̂=1.16, 95%
CI=1.09�1.22), and odds of IVD (aOR=1.26, 95% CI=1.06�1.49) than patients without an OUD, but did not dif-
fer with respect to COVID-19 mortality. However, OUD patients under age 45 exhibited greater COVID-19
mortality (aOR=3.23, 95% CI=1.59�6.56) compared to patients under age 45 without an OUD. OUD patients
using opioid agonist treatment (OAT) exhibited higher odds of hospitalization (aOR=5.14, 95%
CI=2.75�10.60) and higher maximum length of stay (eb̂=1.22, 95% CI=1.01�1.48) than patients without
OUDs; however, risk for IVD and COVID-19 mortality did not differ. OUD patients using naltrexone had
higher odds of hospitalization (aOR=32.19, 95% CI=4.29�4,119.83), higher maximum length of stay (eb̂=1.59,
95% CI=1.06�2.38), and higher odds of IVD (aOR=3.15, 95% CI=1.04�9.51) than patients without OUDs, but
mortality did not differ. OUD patients who did not use treatment medication had higher odds of hospitaliza-
tion (aOR=4.05, 95% CI=3.32�4.98), higher maximum length of stay (eb̂=1.14, 95% CI=1.08�1.21), and higher
odds of IVD (aOR=1.25, 95% CI=1.04�1.50) and COVID-19 mortality (aOR=1.31, 95% CI=1.07�1.61) than
patients without OUDs.
Interpretation: This study suggests people with OUD and COVID-19 often require higher levels of care, and
OUD patients who are younger or not using medication treatment for OUDs are particularly vulnerable to
death due to COVID-19.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
1. Introduction

Studies, from the U.S. and other countries, indicate substance use
disorders (SUDs) increase risk for worse COVID-19 outcomes. [1,2]
Patients with an SUD diagnosis may not only be at higher risk for
poorer outcomes, but also of infection in the first place, more severe
illness, and greater rates of death than other patients[3]. The National
Institute on Drug Abuse (NIDA) warns that patients with SUDs often
have co-occurring conditions that enhance vulnerability to SARS-
CoV-2 infections and worse outcomes after infection, including vas-
cular and cardiac, pulmonary, and metabolic diseases [4]. A national
U.S. study that included 12,030 COVID-19 patients showed 43.8% of
SUD patients with COVID-19 were hospitalized and their mortality
rate was 9.6%, compared to 30.1% of patients without an SUD diagno-
sis who were hospitalized for COVID-19; they also had a lower mor-
tality rate (6.6%) [3]. In this study, patients with opioid use disorders
(OUDs) were particularly vulnerable to COVID-19 infection, but risk
for hospitalization and mortality were unclear for this subset of SUD
patients due to the small sample size. However, patients in this study
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Research in context:

Evidence before this study

PubMed, JAMA, Taylor & Francis online and ScienceDirect were
searched using the following key terms: COVID-19 and opioid
overdoses, pulmonary and opioids, comorbidity and opiates,
opioid use disorder (OUD) and types of treatment, state regula-
tions and COVID-19 and opioid treatment programs (OTP), fed-
eral regulations and OTP and COVID-19. Studies, as well as
reports and data from State health agencies, published after
January 1, 2000 were included if they explored COVID-19 and
at least one of the following variables: opioids, opioid treatment
program (OTP), opioid agonist treatment (OAT), and/or OUD.
Most studies identified were small and descriptive except one
study (n = 12,030) that did not, however, examine patient use
of OAT, or outcomes including hospital length of stay or the risk
for invasive ventilator dependence.

Added value of this study

To our knowledge, this is the first study characterizing and
quantifying the association between OUD and the risk of death
and three measures of health services (maximum length of
stay, hospitalization, and invasive ventilator dependence)
among COVID-19 patients while adjusting for OAT, sociodemo-
graphic variables, comorbidities, and medications for COVID-19
treatment. This study suggests people with OUD and COVID-19
often require higher levels of care, and OUD patients who are
younger or not using medication treatment for OUDs are partic-
ularly vulnerable to death due to COVID-19.

Implications of all the available evidence

This study underscores the precariousness of individuals at the
intersection of these health crises; people with OUDs are not
only at risk for overdoses, which have soared during the pan-
demic, this population is also at risk for worse COVID-19 out-
comes, especially when not receiving OAT. COVID-19 efforts
tailored to populations who use opioids that focus on expanded
treatment access may have a significant effect on reducing the
inequitable outcomes found in this research.
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that had been diagnosed with an SUD also had significantly higher
prevalence of asthma, chronic kidney or liver disease, chronic
obstructive pulmonary disease (COPD), diabetes, cancer, human
immunodeficiency virus (HIV), cardiovascular diseases, and obesity
compared to study patients without an SUD [3]. Research on older
adults showed tobacco smokers and those with heart disease [5,6],
chronic renal disease [7], and COPD [8] faced greater risk for morbid-
ity and mortality when contracting COVID-19, which may explain
links between SUD/OUD diagnoses and SARS-CoV-2 infection, hospi-
talization, and/or mortality.

The physiological effects of opioids and societal factors limiting
access to effective treatment and harm reduction resources may
make the experience and outcomes of COVID-19 particularly heinous.
[9,10] Before the COVID-19 pandemic, 2018 data indicated opioid
overdoses led to the death of 47,000 people in the U.S. (CDC 2020)
[11]. Preliminary research suggests social isolation due to COVID-19
may fuel a new rise in fatal and non-fatal opioid overdoses [12,13]. In
addition to increases in opioid-related morbidity and mortality,
researchers also suggest people who use opioids may be at height-
ened risk for COVID-19 and adverse outcomes related to viral infec-
tion due to biological effects of these drugs [14]. Opioids can directly
affect the immune system [15] and can have detrimental effects on
respiratory [16�18] and pulmonary health [16,18,19]. Opioids slow
breathing and with higher doses can cause hypoxemia [20,21],
potentially increasing risk for higher illness severity. The respiratory
and pulmonary effects of past or present opioid use among people
with OUDs may also intersect with weakened lung capacity from
COVID-19 to deepen morbidity and mortality risks, and ultimately
lead to greater health service use among this vulnerable population.
However, whether these outcomes disproportionately occur among
OUD patients with COVID-19 is unclear. Analyses have also yet to
consider outcome variation among OUD patients by treatment status,
such as whether patients who are treated with opioid agonist medi-
cations like buprenorphine or methadone differ from those treated
with the opioid antagonist naltrexone and those not receiving medi-
cation assisted treatment.

This study builds on recent research exploring relationships
between SUD and COVID-19 outcomes by considering use of opioid
agonist treatment (OAT) and naltrexone, and examines outcomes
such as length of stay, risk for requiring respiratory support, and mor-
tality among individuals with OUD admitted to a hospital for COVID-
19. This analysis will contribute to a better understanding of health
service utilization and mortality due to COVID-19 among this particu-
larly vulnerable population and provide indirect measures of COVID-
19 severity among individuals with OUD.

2. Methods

2.1. Settings

De-identified electronic health records (EHR) data for this study
were obtained from the Cerner COVID-19 De-Identified Data Cohort,
which is a subset of the U.S. Cerner Corporation’s Real-World Data-
baseTM. “Cerner Real-World Data is extracted from the EMR of hospitals
in which Cerner has a data use agreement. Encounters may include
pharmacy, clinical and microbiology laboratory, admission, and billing
information from affiliated patient care locations. All admissions, medi-
cation orders and dispensing, laboratory orders and specimens are date
and time stamped, providing a temporal relationship between treatment
patterns and clinical information. Cerner Corporation has established
Health Insurance Portability and Accountability Act-compliant operating
policies to establish deidentification for Cerner Real-World Data” [22].
Data were cleaned (in part by a multipoint-match algorithm to cap-
ture and remove duplicate records) and standardized across the vast
amount of disparate EHR coding systems. Data are updated multiple
times monthly and stored in a cloud-based health management plat-
form called the HealtheDataLabTM where aggregate analysis results
can be generated [23].

As of June 2020, there were 62 health systems across the U.S. that
provided information found in the COVID-19 cohort of Cerner Real-
World Data. The data used in this study represent EHR data from Jan-
uary 2020 through June 2020. Patients included in the sample were
identified as having an encounter associated with a diagnosis or
recent positive lab result (at the encounter or up to two weeks prior)
for COVID-19. Additional available medical information was retrieved
retrospectively going back to January 1, 2015 in order to gather infor-
mation on relevant covariates.

The University of Utah Institutional Review Board (IRB #136,696)
has determined that this study does not meet the definitions of
Human Subjects Research for using secondary data with no interven-
tion or interaction with an individual, and for not having identifiable
private information in the data.

2.2. Measurements
The primary outcomes in this study were death due to COVID-19

and three measures of disease severity ascertained by health services
among COVID-19 patients: hospitalization, maximum length of hos-
pital stay (maximum LOS), and invasive ventilator dependence (IVD).
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Each of these outcomes was identified in the EHR data to reflect a
unique indication per patient associated with a COVID-19 encounter
(i.e., involved a COVID-19 diagnosis or lab indication). Indication of
patient death due to COVID-19 was already provided in the Cerner
COVID-19 De-Identified Data Cohort, and was constructed as a binary
variable indicating whether a patient died from COVID-19 at dis-
charge or any time after leading up to data collection. Maximum LOS
was a continuous variable calculated by taking the difference in days
between each patients’ hospital encounter start date and end date,
and then taking the maximum difference per patient. Maximum LOS
was only analyzed for those patients who were hospitalized. Hospi-
talization was constructed as a binary indication of whether a patient
ever had a COVID-19 related length of stay that lasted one day or
more. Invasive ventilator dependence was constructed as a binary
indication of whether a patient ever had a diagnosis, procedure, or
encounter result indication that signified reliance on an invasive ven-
tilator. Indications of less severe ventilator dependence such as CPAP
and BIPAP machines were not included as invasive ventilator depen-
dence. The full list of code types and corresponding Current Proce-
dural Terminology (CPT), International Classification of Diseases
(ICD), Logical Observation Identifiers Names and Codes (LOINC�), and
Systematized Nomenclature of Medicine - Clinical Terms (SNOMED
CT) codes is found in Supplemental Table 1. Encounters that had pos-
sible ventilator indications, but lacked a positive indication of COVID-
19, were not used to indicate IVD.

The main independent variable of interest was an indication of an
OUD in the EHR, as measured by past opioid overdose or OUD
recorded in ICD-9 or ICD-10 codes. The full list of code types and cor-
responding codes to identify patients with OUD is found in Supple-
mental Table 2. Patients were flagged as having an OUD in this binary
predictor variable if they had these diagnoses up to one year prior to
their first COVID-19 diagnosis, or any time after the COVID-19 diag-
nosis. Opioid agonist treatment (OAT) and naltrexone use for OUD
were identified by using ICD-10 procedural classification system
(PCS) codes, healthcare common procedure coding system (HCPCS)
codes, national drug codes, Multum drug codes, and review of chart
text entries. Specifically, along with codes, OAT was identified by any
text entry identifying administration of buprenorphine film or tablets
(inclusive of buprenorphine-naloxone) and methadone oral concen-
trate. Similarly, Naltrexone use was also identified by any text entry
of naltrexone administration. The codes and code types used to iden-
tify patients treated with OAT and naltrexone are listed in Supple-
mental Table 3 and Supplemental Table 4.

Demographic predictors included age (in 10-year increments),
sex, race and ethnicity (categories: (i) Non-Hispanic Black or African
American, (ii) Non-Hispanic White, (iii) Hispanic or Latino with any
race, and (iv) Non-Hispanic Other which includes Non-Hispanic
American Indian or Alaskan Native, Non-Hispanic Asian or Pacific
Islander, Non-Hispanic: other, unknown, or mixed race), type of
insurance held (categories: (i) Private, (ii) Medicaid, (iii) Medicare,
and (iv) Other which includes Other Government/Misc, Self-Pay, and
Missing), and U.S. geographic region (defined by one-digit zip code)
including (i) Northeast: 0 (Connecticut, Massachusetts, Maine, New
Hampshire, New Jersey, Rhode Island, Vermont), 1 (Delaware, New
York, Pennsylvania); (ii) Southeast: 2 (DC, Maryland, North Carolina,
South Carolina, Virginia, West Virginia), 3 (Alabama, Florida, Georgia,
Mississippi, Tennessee); (iii) Midwest: 4 (Indiana, Kentucky, Michi-
gan, Ohio), 5 (Iowa, Minnesota, Montana, North Dakota, South
Dakota, Wisconsin), 6 (Illinois, Kansas, Missouri, Nebraska), 7 (Arkan-
sas, Louisiana, Oklahoma, Texas); (iv) West: 8 (Arizona, Colorado,
Idaho, New Mexico, Nevada, Utah, Wyoming), 9 (Alaska, California,
Hawaii, Oregon, Washington), and (v) Missing. Additional clinical
predictors included history of several chronic diseases identified by
ICD-9 and ICD-10 codes: type 2 diabetes, hypertension, cardiovascu-
lar disease (CVD), coronary heart disease (CHD), asthma, chronic kid-
ney disease (CKD), acute respiratory distress syndrome (ARDS), and
chronic obstructive pulmonary disease (COPD). The final clinical pre-
dictors consisted of medications for management of COVID-19:
hydroxychlorquine, remdesivir, Decadron or prednisone, aspirin and
Plavix, and anticoagulants. These medications were identified by
Multum drug codes.

2.3. Statistical analysis

Demographic and clinical characteristics for the COVID-19 posi-
tive patient sample were presented based on data through June 2020
in aggregate and stratified by OUD status. Categorical variables were
presented with frequencies and percentages, while continuous varia-
bles were presented with medians and interquartile ranges (IQRs:
Q1-Q3) due to lack of normality in variable distributions. Stratified
data were compared using Chi-Square tests for categorical variables
with sufficient sample size, Fisher’s Exact tests for those with small
sample size, and non-parametric continuous variables were com-
pared using Wilcoxon Rank-Sum tests. Mortality and health service
outcomes for COVID-19 patients were compared between those with
an OUD and those without. Median maximum LOS was compared
with a Wilcoxon Rank-Sum test and percentages of hospitalization,
death, and invasive ventilator dependence were compared with Chi-
Square tests. In addition to being presented for the overall sample,
outcome comparisons by OUD status were also further stratified by
demographic groups. Because median age was significantly older
among COVID-19 patients in the sample with an OUD compared to
those without an OUD (Table 1), the relationship between age and
OUD was charted for each outcome.

Adjusted models assessed the association between OUD and clini-
cal and health service outcomes among those with COVID-19 while
controlling for confounding factors. All hypothesis tests were two-
sided with a significance level of 5% and R version 3.6.1 (R Foundation
for Statistical Computing) was used to perform all analyses. Death
due to COVID-19, hospitalization, and invasive ventilator dependence
were assessed using multivariable logistic regression models.
Adjusted odds ratios (aORs) and corresponding 95% confidence inter-
vals (CIs) were estimated for each outcome. Models were adjusted
for demographic and clinical characteristics that were significantly
different between OUD and non-OUD groups, or were considered to
be of clinical relevance. Variables were removed if they showed evi-
dence of high multicollinearity. The area under the receiver operating
characteristic (ROC) curve (AUC) was calculated to indicate the per-
formance of each logistic model’s ability to correctly classify outcome
groups.

The fourth outcome, maximum LOS, was assessed using multivari-
able exponential regression models because this outcome followed a
continuous exponential distribution. Adjusted exponentiated slope
coefficients (relating to the percentage change in expected maximum
LOS) with 95% CIs were estimated for this outcome. The coefficient of
determination (R2) value was calculated to estimate the percent of
variation in maximum LOS as explained by the model predictors.

To further explore associations between OUD and outcomes
among COVID-19 patients by different demographic groups, the
same four outcome models were again fit by stratifying models by
each of the following demographics: categorical age (<45, 45�64,
>=65), sex, race/ethnicity, insurance type, and region. For sufficient
sample sizes, each model was adjusted for all other predictors previ-
ously used in the main adjusted models. For insufficient sample sizes,
stratified models were adjusted only for necessary demographic vari-
ables to avoid overfitting. Adjusted odds ratios for those with a his-
tory of OUD (compared to those without) and 95% CIs were again
presented for each demographic-stratified model.

A sensitivity analysis was also conducted to assess the role of
treatment among OUD patients and whether it affected the outcomes
assessed in this study. We defined treatment by indications of OAT or
naltrexone use. This analysis divided COVID-19 patients into four



Table 1
Demographic and clinical characteristics of COVID-19 positive patients by OUD status.

Characteristic Total n (%1) Opioid use disorder indication n (%1) No opioid use disorder indication n (%1) p-value10

Total 52,3122 1013 (1.93) 51,299 (98.13)
Demographic Characteristics
Age (Years)4 53 (35�68) 60 (48�70) 53 (35�68) <0.00111

Sex 0.90
Female 26,512 (50.7) 511 (50.4) 26,001 (50.7)
Male 25,800 (49.3) 502 (49.6) 25,298 (49.3)
Race and Ethnicity <0.001
Non-Hispanic Black or African American 10,617 (20.3) 226 (22.3) 10,391 (20.3)
Non-Hispanic White 15,027 (28.7) 572 (56.5) 14,455 (28.2)
Non-Hispanic Other5 8257 (15.8) 71 (7.0) 8186 (16.0)
Hispanic or Latino 18,411 (35.2) 144 (14.2) 18,267 (35.6)
Insurance Type <0.001
Private 17,969 (34.3) 150 (14.8) 17,819 (34.7)
Medicaid 8587 (16.4) 225 (22.2) 8362 (16.3)
Medicare 11,768 (22.5) 401 (39.6) 11,367 (22.2)
Other6 13,988 (26.7) 237 (23.4) 13,751 (26.8)
Region7

<0.001
Northeast 11,794 (22.5) 216 (21.3) 11,578 (22.6)
Southeast 17,935 (34.3) 306 (30.2) 17,629 (34.4)
Midwest 7699 (14.7) 149 (14.7) 7550 (14.7)
West 12,323 (23.6) 237 (23.4) 12,086 (23.6)
Missing 2561 (4.9) 105 (10.4) 2456 (4.8)
Clinical Characteristics
OUD Indication8 1013 (1.9) � �
History of chronic disease9

Type 2 Diabetes (DM) 14,119 (27.0) 474 (46.8) 13,645 (26.6) <0.001
Hypertension 23,218 (44.4) 739 (73.0) 22,479 (43.8) <0.001
Cardiovascular Disease (CVD) 27,682 (52.9) 861 (85.0) 26,821 (52.3) <0.001
Coronary Heart Disease (CHD) 4360 (8.3) 207 (20.4) 4153 (8.1) <0.001
Asthma 9165 (17.5) 438 (43.2) 8727 (17.0) <0.001
Chronic Kidney Disease (CKD) 7014 (13.4) 315 (31.1) 6699 (13.1) <0.001
Acute Respiratory Distress Syndrome (ARDS) 1880 (3.6) 105 (10.4) 1775 (3.5) <0.001
Chronic Obstructive Pulmonary Disease (COPD) 6529 (12.5) 392 (38.7) 6137 (12.0) <0.001
Medications
Hydroxychloroquine 7468 (14.3) 152 (15.0) 7316 (14.3) 0.53
Remdesivir 399 (0.8) 5 (0.5) 394 (0.8) 0.4612

Decadron or Prednisone 4166 (8.0) 154 (15.2) 4012 (7.8) <0.001
Aspirin and Plavix 894 (1.7) 37 (3.7) 857 (1.7) <0.001
Anticoagulant 17,756 (33.9) 533 (52.6) 17,223 (33.6) <0.001
1 n (column%) except when otherwise noted;.
2 Has a diagnosis for COVID-19 or a positive lab indication of COVID-19;.
3 Out of total: 52,312;.
4 median (Q1-Q3);.
5 Non-Hispanic American Indian or Alaskan Native, Non-Hispanic Asian or Pacific Islander, Non-Hispanic: other, unknown, or mixed race;.
6 Other Government/Misc, Self-Pay, Missing,.
7 Northeast: 0 (Connecticut, Massachusetts, Maine, New Hampshire, New Jersey, Rhode Island, Vermont), 1 (Delaware, New York, Pennsylvania); Southeast: 2 (DC,

Maryland, North Carolina, South Carolina, Virginia, West Virginia), 3 (Alabama, Florida, Georgia, Mississippi, Tennessee); Midwest: 4 (Indiana, Kentucky, Michigan,
Ohio), 5 (Iowa, Minnesota, Montana, North Dakota, South Dakota, Wisconsin), 6 (Illinois, Kansas, Missouri, Nebraska), 7 (Arkansas, Louisiana, Oklahoma, Texas), West:
8 (Arizona, Colorado, Idaho, NewMexico, Nevada, Utah, Wyoming), 9 (Alaska, California, Hawaii, Oregon, Washington);.

8 indication of opioid overdose or opioid use disorder diagnosis up to one year prior to first COVID-19 diagnosis and any time after;.
9 positive indications of disease history identified by ICD 9/10 codes;.
10 Chi-Square test (unless otherwise noted);.
11 Wilcoxon Rank-Sum test;.
12 Fisher’s Exact test.
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levels: those with an OUD using OAT, those with an OUD using nal-
trexone (and not OAT), those with an OUD not using either treatment,
and those with no OUD. The unadjusted and adjusted associations
with the four outcomes of interest were calculated. Unadjusted maxi-
mum LOS was compared between the four groups with a Krus-
kall�Wallis test, and fit with an exponential regression model for the
adjusted results. The other unadjusted outcomes (hospitalization,
invasive ventilator dependence, and death) were compared between
the four groups with a Chi-Square test, and fit in logistic regression
models for adjusted results.

2.4. Funding

This study had no funding source. FQ and BT have full access to the
data of this study and take complete responsibility for the integrity of
the data and the accuracy of the data analysis.
3. Results

3.1. Sample characteristics

There was a total of 52,312 unique patients in the COVID-19 posi-
tive cohort. Table 1 provides descriptive statistics for the entire sam-
ple, as well as stratified by whether the patient had an OUD. The
median patient age was 53 years and 50.7% of patients were females.
More than a third (35.2%) of COVID-19 patients in the sample were
Hispanic or Latino, followed by non-Hispanic White patients (28.7%)
and non-Hispanic Black or African American patients (20.3%). More
than a third of patients (34.3%) had private health insurance, while
22.5% had Medicare, 16.4% had Medicaid, and 26.7% had other insur-
ance characteristics (other government/miscellaneous, self-pay, or
missing). The region with the greatest representation of patients in
the sample was the Southeast United States (34.3%).

https://www.google.com/webhp?rlz=1C1GCEU_enUS890US890


Table 2
Mortality and health service outcomes between those with/without an OUD among COVID-19 positive patients (stratified by demographics1).

Hospitalization Maximum LOS (Days)2 Ventilator dependence Death

OUD n (%3) No OUD n (%) OUDMedian (Q1-Q3) No OUDMedian (Q1-Q3) OUD n (%) No OUDn (%) OUD n (%) No OUD n (%)

Overall 880 (86.9) 26,833 (52.3) 7.1 (3.4�13.7) 6.0 (3.1�11.5) 188 (18.6) 5948 (11.6) 130 (12.8) 4555 (8.9)
Age
<45 172 (78.5) 5956 (31.0) 5.7 (2.8�11.9) 4.0 (2.3�7.5) 33 (15.1) 870 (4.5) 9 (4.1) 186 (1.0)
45�64 365 (86.3) 8901 (52.6) 7.1 (3.6�14.3) 6.1 (3.2�11.8) 87 (20.6) 2158 (12.8) 31 (7.3) 961 (5.7)
>=65 343 (92.5) 11,976 (79.0) 7.8 (4.1�14.0) 7.1 (3.9�13.2) 68 (18.3) 2920 (19.3) 90 (24.3) 3408 (22.5)
Sex
Female 435 (85.1) 12,872 (49.5) 7.0 (3.6�13.4) 5.8 (3.0�10.7) 98 (19.2) 2374 (9.1) 61 (11.9) 1901 (7.3)
Male 445 (88.6) 13,961 (55.2) 7.3 (3.3�14.1) 6.3 (3.3�12.2) 90 (17.9) 3574 (14.1) 69 (13.7) 2654 (10.5)
Race and Ethnicity
Non-Hispanic Black

or African American
194 (85.8) 5904 (56.8) 7.2 (3.1�14.2) 6.4 (3.4�12.0) 45 (19.9) 1330 (12.8) 31 (13.7) 1036 (10.0)

Non-Hispanic White 508 (88.8) 9292 (64.3) 7.1 (3.5�13.6) 6.0 (3.1�10.9) 97 (17.0) 1921 (13.3) 73 (12.8) 1922 (13.3)
Non-Hispanic Other 59 (83.1) 4326 (52.8) 6.9 (3.8�10.2) 6.8 (3.4�12.9) 14 (19.7) 1263 (15.4) 9 (12.7) 785 (9.6)
Hispanic or Latino 119 (82.6) 7311 (40.0) 6.6 (3.8�13.1) 5.6 (2.9�10.9) 32 (22.2) 1434 (7.9) 17 (11.8) 812 (4.4)
Insurance Type
Private 132 (88.0) 6910 (38.8) 7.8 (2.9�18.3) 5.2 (2.9�10.2) 45 (30.0) 1489 (8.4) 14 (9.3) 662 (3.7)
Medicaid 187 (83.1) 4015 (48.0) 5.6 (2.9�12.2) 5.1 (2.8�10.0) 35 (15.6) 813 (9.7) 12 (5.3) 354 (4.2)
Medicare 353 (88.0) 9070 (79.8) 7.4 (4.1�13.2) 7.1 (4.0�13.0) 70 (17.5) 2136 (18.8) 70 (17.5) 2528 (22.2)
Other 208 (87.8) 6838 (49.7) 7.5 (3.4�13.4) 5.9 (3.0�11.4) 38 (16.0) 1510 (11.0) 34 (14.3) 1011 (7.4)
Region
Northeast 189 (87.5) 6901 (59.6) 6.7 (3.1�13.4) 6.6 (3.5�12.0) 44 (20.4) 1678 (14.5) 31 (14.4) 1555 (13.4)
Southeast 258 (84.3) 7365 (41.8) 7.6 (3.9�13.7) 5.8 (3.0�11.2) 52 (17.0) 1520 (8.6) 36 (11.8) 1100 (6.2)
Midwest 126 (84.6) 4257 (56.4) 7.0 (3.7�12.4) 5.8 (3.1�10.9) 33 (22.1) 1031 (13.7) 22 (14.8) 720 (9.5)
West 206 (86.9) 6189 (51.2) 6.9 (3.6�15.7) 6.1 (3.2�11.4) 38 (16.0) 1406 (11.6) 29 (12.2) 982 (8.1)
Missing 101 (96.2) 2121 (86.4) 8.0 (3.1�15.8) 5.4 (11.5) 21 (20.0) 313 (12.7) 12 (11.4) 198 (8.1)

Maximum LOS compared with Wilcoxon Rank-Sum test; all outcome percentages compared with Chi-Square test; bolded results were significantly different.
1 “Overall” is using OUD/no OUD results out of total n (52,312) but each ensuing demographic result is using OUD/no OUD results restricted to only that group n;.
2 Restricted to only those patients that were hospitalized (n = 27,713).
3 n (column%);.

Table 3
Adjusted associations of OUD and OUD treatment with hospitalization, maximum LOS, invasive ventilator dependence, and death among COVID-19
positive patients.

Variables Hospitalization Maximum LOS Invasive Ventilator Dependence Death
aOR1 (95% CI) eb̂2 (95% CI) aOR1 (95% CI) aOR1 (95% CI)

Main Analysis3: OUD status
No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 3.44 (2.81, 4.21) 1.16 (1.09, 1.22) 1.26 (1.06, 1.49) 1.15 (0.94, 1.41)
AUC 0.85 � 0.78 0.85
R2 � 0.12 � �
Sensitivity Analysis3: OUD Treatment status
No OUD 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
OUD without treatment 4.05 (3.32, 4.98) 1.14 (1.08, 1.21) 1.25 (1.04, 1.50) 1.31 (1.07, 1.61)
OUD with naltrexone 32.19 (4.29, 4119.83) 1.59 (1.06, 2.38) 3.15 (1.04, 9.51) 1.87 (0.39, 8.91)
OUD with OAT 5.14 (2.75, 10.60) 1.22 (1.01, 1.48) 1.04 (0.54, 2.00) 0.52 (0.19, 1.46)
OUD without treatment 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
OUD with naltrexone 7.95 (1.05, 1019.45) 1.39 (0.93, 2.09) 2.52 (0.82, 7.71) 1.43 (0.30, 6.90)
OUD with OAT 1.27 (0.66, 2.68) 1.07 (0.88, 1.31) 0.83 (0.42, 1.64) 0.40 (0.14, 1.13)
OUD with naltrexone 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
OUD with OAT 0.16 (0.01, 1.39) 0.77 (0.49, 1.20) 0.33 (0.09, 1.19) 0.28 (0.04, 1.81)
AUC 0.85 � 0.78 0.83
R2 � 0.12 � �
1 Adjusted odds ratio from logistic regression model;.
2 Adjusted exponentiated coefficient (exponential regression model) relating to change in the ratio of expected maximum LOS (i.e., “OUDwith OAT”

coefficient is the ratio of the expected maximum LOS for those with an OUD on OAT over expected maximum LOS for those without an OUD, so maxi-
mum LOS is 22% greater for patients with an OUD on OAT compared to patients without an OUD);.

3 Models of sufficient sample sizes adjusted for age, gender, race/ethnicity, insurance, region, Diabetes mellitus (DM), asthma, hypertension,
hydroxychloroquine, Remdesivir, Decadron or Prednisone, aspirin and Plavix; models of insufficient sample sizes had medications and disease histo-
ries removed to avoid overfitting.
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Among individuals in the COVID-19 sample, 1.9% (n = 1013) met
the criteria for OUD within one year of their first COVID-19 diagnosis.
Additional medical history identified in the sample included 27.0%
with a history of type 2 diabetes, 17.5% with asthma, 12.5% with
COPD, 8.3% with CHD, and 3.6% with ARDS. Some form of an anticoag-
ulant was used as treatment for COVID-19 among 33.9% of sample
patients, and 14.3% were treated with hydroxychloroquine, 8.0%
were treated with Decadron or prednisone, 1.7% were jointly treated
with aspirin and Plavix, and 0.8% were treated with Remdesivir
(Table 1).

Stratifying the sample characteristics by whether the patient had
an OUD showed that COVID-19 patients with an OUD differed from
those without an OUD in terms of demographics, history of all
selected chronic diseases, and three medications (Table 1). These
unadjusted comparisons showed that COVID-19 patients with an
OUD were significantly older, had significantly lower percentages of



Fig. 1. A-1.D. Predicted health service outcomes and mortality vs. age (by OUD status) among COVID-19 positive patients.
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private insurance, and were less numerous in the Southeastern U.S.
region. Patients with an OUD also had significantly higher represen-
tation among individuals receiving Decadron/Prednisone, aspirin/Pla-
vix, and anticoagulant treatments. There were no significant
differences in hydroxychloroquine and Remdesivir treatment
between the two groups (Table 1). OUD patients with COVID-19 also
exhibited significant differences across all four outcomes (Table 2).
More patients with an OUD were admitted for hospitalization, were
hospitalized for longer periods (7.1 days vs. 6.0 days), had greater
likelihood of invasive ventilator dependence (18.6% vs. 11.6%), and
had greater mortality (12.8% vs. 8.9%, p < 0.001) compared to those
without an OUD.

Significant differences in outcomes between those with and with-
out OUDs were also observed when further stratifying by age, sex,
race/ethnicity, insurance, and region (Table 2). For example, among
COVID-19 patients who were less than 45 years of age, 78.5%
(n = 172) of those with an OUD were hospitalized while only 31.0%
(n = 5956) of those without an OUD were hospitalized (P<0.001).
Males with an OUD exhibited higher rates of hospitalization and
death due to COVID-19 and higher maximum LOS than females. Non-
Hispanic (NH) Black and NH White patients with an OUD exhibited
greater rates of hospitalization and death due to COVID-19 and
higher maximum LOS, while Hispanic/Latino patients with an OUD
exhibited the highest rates of invasive ventilator dependence. Differ-
ences between OUD status were seen in other outcomes as well, but
were not statistically significant.

3.2. Model results

Results from the main analysis of the adjusted models (Table 3)
suggest COVID-19 patients with an OUD significantly differ from indi-
viduals without an OUD for three of the primary outcomes assessed
in this study. The models show COVID-19 patients with an OUD had
significantly greater maximum LOS (eb̂=1.16, 95% CI=1.09, 1.22),
greater odds of hospitalization (aOR=3.44, 95% CI=2.81, 4.21), and
greater odds of invasive ventilator dependence (aOR=1.26, 95%
CI=1.06, 1.49) than individuals without OUD after adjusting for con-
founding factors. The R-squared for the maximum LOS regression
analysis indicated that the model explained 12% of the variance in
maximum LOS (R2=0.12). The AUCs for the logistic regression



Table 4
Adjusted odds of hospitalization, maximum LOS, invasive ventilator dependence, and death for those with OUD histories compared to those
without among COVID-19 positive patients (stratified by demographics).

Variables1 Hospitalization Maximum LOS Invasive Ventilator Dependence Death
aOR (95% CI) eb̂ (95% CI) aOR (95% CI) aOR (95% CI)

Age
<45 5.10 (3.58, 7.27)1 1.31 (1.16, 1.49) 2.70 (1.83, 3.99) 3.23 (1.59, 6.56)
45�64 3.43 (2.53, 4.65) 1.13 (1.04, 1.24) 1.50 (1.17, 1.92) 0.90 (0.61, 1.32)
>=65 2.44 (1.63, 3.66) 1.06 (0.97, 1.16) 0.95 (0.72, 1.24) 1.24 (0.97, 1.59)
Sex
Female 2.86 (2.17, 3.77) 1.15 (1.06, 1.24) 1.49 (1.18, 1.88) 1.33 (0.99, 1.78)
Male 4.23 (3.12, 5.74) 1.16 (1.07, 1.26) 1.03 (0.81, 1.31) 1.19 (0.90, 1.56)
Race and Ethnicity
Non-Hispanic White 3.27 (2.46, 4.36) 1.18 (1.09, 1.27) 1.02 (0.81, 1.28) 1.10 (0.85, 1.44)
Non-Hispanic Black or African American 3.56 (2.34, 5.42) 1.09 (0.97, 1.23) 1.54 (1.09, 2.16) 1.35 (0.90, 2.03)
Non-Hispanic Other 3.69 (1.90, 7.14) 1.03 (0.82, 1.30) 1.19 (0.65, 2.19) 1.07 (0.50, 2.27)
Hispanic or Latino 4.58 (2.80, 7.48) 1.20 (1.03, 1.40) 2.41 (1.58, 3.67) 1.83 (1.05, 3.18)
Insurance
Private 8.01 (4.63, 13.86) 1.36 (1.18, 1.58) 3.81 (2.60, 5.57) 2.04 (1.13, 3.70)
Medicaid 3.79 (2.60, 5.54) 1.10 (0.97, 1.25) 1.31 (0.89, 1.91) 0.93 (0.50, 1.71)
Medicare 2.05 (1.48, 2.84) 1.05 (0.96, 1.15) 0.96 (0.74, 1.26) 0.98 (0.75, 1.28)
Other 3.75 (2.41, 5.84) 1.16 (1.03, 1.32) 1.27 (0.88, 1.82) 1.68 (1.13, 2.50)
Region
Southeast 3.26 (2.30, 4.62) 1.16 (1.04, 1.30) 1.39 (1.02 (1.90) 1.27 (0.88, 1.86)
Northeast 3.99 (2.54, 6.26) 1.08 (0.96, 1.22) 1.54 (1.09, 2.17) 1.13 (0.75, 1.70)
Midwest 2.35 (1.45, 3.80) 1.14 (0.99, 1.32) 1.68 (1.12, 2.51) 1.21 (0.74, 1.99)
West 4.16 (2.75, 6.31) 1.16 (1.03, 1.30) 1.40 (0.98, 2.01) 1.26 (0.83, 1.91)
Missing 2.69 (0.96, 7.55) 1.21 (1.01, 1.46) 1.67 (1.01, 2.80) 1.75 (0.90, 3.39)
1 Odds of column outcome for those with OUD history compared to those without OUD history among row group, adjusted for all other

predictors in Table 3 for sufficient sample sizes, COVID-19 medications and disease history (upon need) removed for insufficient sample sizes;
Bolded results were significantly different.
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analyses were 0.85 for hospitalization and 0.78 for invasive ventilator
dependence, indicating adequate model fit.

Overall, there was no significant association between having an OUD
and odds of death due to COVID-19 (aOR=1.15, 95% CI=0.94, 1.41). How-
ever, stratifying by age indicated patients younger than 45 with a his-
tory of OUD exhibited significantly higher odds of death (aOR=3.23, 95%
CI=1.59, 6.56) than patients without an OUD (Table 4). Figs. 1.a-1.d
depict the relationship between age and OUD against model predicted
hospitalization (Fig. 1.a), maximum LOS (Fig. 1.b), invasive ventilator
dependence (Fig. 1.c), and death (Fig. 1.d). As age increases, the pre-
dicted outcomes increase in each part of the figure, and patients with
an OUD have higher death and health service use predictions on average
compared to those without an OUD across the age distribution.

Across demographic groups, patients with both COVID-19 and an
OUD generally exhibited greater health service use compared to
those without an OUD, but greater COVID-19 mortality rates were
only observed for some demographic sub-groups. Table 4 reports
aORs for each outcome, stratified by demographics. The reference
group for each aOR is the corresponding demographic category
without an OUD. Younger COVID-19 patients with OUDs displayed
the greatest differences in health service use and mortality when
compared to their counterparts without an OUD. In particular, OUD
Table 5
Unadjusted estimates of health service outcomes and mortality between those w
using treatment, and those without OUD among COVID-19 positive patients.

OUD using OAT n (%)1 OUD using naltrex

Total 84 17
Hospitalized 74 (88.1) 17 (100.0)
Maximum LOS (Days)2 5.9 (2.4�11.8) 13.4 [3.1�27.2]
Invasive Ventilator Dependence 11 (13.1) 6 (35.3)
Death 4 (4.8) 2 (11.8)
1 n (column%) unless otherwise noted;.
2 median (Q1-Q3), maximum LOS is restricted to only hospitalized patients (n =
3 Chi-Square test unless otherwise noted;.
4 Kruskall�Wallis test.
patients under age 45 exhibited 223% greater odds of COVID-19
mortality (aOR=3.23, 95% CI=1.59�6.56) when compared to those
without an OUD. Older patients only exhibited significant differen-
ces in some outcomes. OUD patients age 45�64 had greater odds of
hospitalization and invasive ventilator dependence and higher max-
imum LOS, but patients 65 years of age and older with an OUD only
exhibited greater rates of hospitalization (aOR=2.44, 95% CI=1.63,
3.66).

Stratification by insurance type, sex, race/ethnicity, and geo-
graphic region also demonstrated several significant associations
with the health service outcomes measured in this study, but only
some categories demonstrated differences in COVID-19 mortality
(Table 4). COVID-19 patients with an OUD who had private insurance
were 8.01 times more likely to be hospitalized compared to their
counterparts without an OUD (aOR=8.01, 95% CI=4.63, 13.86). Male
and female COVID-19 patients with an OUD displayed higher odds of
hospitalization and higher maximum LOS, while female patients with
an OUD also displayed higher odds of hospitalization invasive venti-
lator dependence compared to their counterparts without an OUD.
Hispanic/Latino patients with COVID-19 and an OUD exhibited 83%
higher odds of death due to COVID-19 compared to Hispanic/Latino
COVID-19 patients without an OUD (aOR=1.83, 95% CI=1.05, 3.18), as
ith OUD using OAT, those with OUD using naltrexone, those with OUD not

one n (%) OUD not using treatment n (%) No OUD n (%) p-value3

912 51,299
789 (86.5) 26,833 (52.3) <0.001
6.0 (2.3�12.1) 1.4 (0.1�6.3) <0.0014

171 (18.8) 5948 (11.6) <0.001
124 (13.6) 4555 (8.9) <0.001

27,713).
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well as greater odds of hospitalization and invasive ventilator depen-
dence and higher maximum LOS. NH White COVID-19 patients with
an OUD had greater odds of hospitalization and stayed longer in the
hospital, and NH Black patients with an OUD also had higher odds of
hospitalization, as well as invasive ventilator dependence compared
to their counterparts without an OUD. Private insurance holders with
an OUD also consistently displayed significantly worse outcomes
across all measures, such as 104% higher odds of dying due to COVID-
19 compared to their counterparts without an OUD (aOR=2.04, 95%
CI=1.13, 3.70). Finally, region was significantly associated with the
health service outcomes for COVID-19 patients with an OUD, but not
strongly associated with COVID-19 mortality differences between
patients with and without OUDs.

3.3. Treatment sensitivity analysis

A sensitivity analysis that further stratified OUD patients by
whether their EHR indicated use of either OAT or naltrexone demon-
strated that these treatments affect the extent to which patients with
OUD differ from patients without an OUD. Unadjusted analyses
(Table 5) show that OUD patients using OAT and naltrexone had the
highest percentages of hospitalization among the patient groups, yet
OUD patients treated with naltrexone and OUD patients not treated
with medication stayed longer in the hospital than those treated
with OAT. OUD patients treated with naltrexone and OUD patients
not treated with medication also had higher percentages of invasive
ventilator dependence and death due to COVID-19 than both OUD
patients treated with OAT and patients without an OUD (see Table 5).

After adjusting for confounding factors, significant differences
remained (Table 3). OUD patients using OAT exhibited higher odds of
hospitalization (aOR=5.14, 95%=CI 2.75�10.60) and maximum LOS
(eb̂=1.22, 95% CI=1.01�1.48) compared to patients without OUDs;
however, risk for IVD and death did not differ. OUD patients using
naltrexone also showed much higher odds of hospitalization
(aOR=32.19, 95% CI=4.29�4119.83), higher maximum LOS (eb̂=1.59,
95% CI=1.06�2.38), and higher odds of IVD (aOR=3.15, 95%
CI=1.04�9.51) compared to patients without OUDs, but no significant
difference in death was found. OUD patients who did not use these
treatment medications had higher odds of hospitalization (aOR=4.05,
95% CI=3.32�4.98), higher maximum LOS (eb̂=1.14, 95%
CI=1.08�1.21), and higher odds of both IVD (aOR=1.25, 95%
CI=1.04�1.50) and COVID-19 mortality (aOR=1.31, 95%
CI=1.07�1.61) compared to patients without an OUD. The risk for the
four outcomes did not differ between OUD patients with OAT vs.
OUD patients with naltrexone or between OUD patients without
treatment vs. those using OAT (p > 0.05).

4. Discussion

This study showed that COVID-19 patients with OUDs are more
likely to require more intensive health services than other COVID-19
patients, but did not find that they face higher COVID-19 mortality
risk. Medication treatment for OUDs may have some relationship to
the magnitude of these differences. A sensitivity analysis indicated
that patients using OAT or naltrexone demonstrated greater differen-
ces compared to patients without OUDs in terms of risk for hospitali-
zation and maximum length of stay, while OUD patients who did not
use medication exhibited greater risk for death and invasive ventila-
tor dependence compared to patients without an OUD.

The trends in the main analysis demonstrating greater health ser-
vice use held within many demographic groups as well; however,
significant increases in mortality were isolated to particular sub-
groups of OUD patients with COVID-19. Increased COVID-19 mortal-
ity risk was identified among COVID-19 patients who are younger,
Hispanic/Latino, or privately insured. While previous research indi-
cates that patients with OUD are at heightened risk for SARS-CoV-2
infection and that COVID-19 patients with a variety of SUDs may
experience greater risk of COVID-19 hospitalization and death [3],
this study builds on these findings by utilizing a database with a large
sample of OUD patients to highlight how OUD patients in particular
may require more health services when contracting the virus and
estimates their vulnerability to death due to COVID-19. The greater
representation of males, higher median age, and higher prevalence of
chronic conditions among OUD patients that are associated with
worse COVID-19 outcomes, such as CVD, CKD, and respiratory disor-
ders, may contribute to the poorer outcomes and complications dem-
onstrated in the unadjusted analyses. These traits are shown in other
reports to increase COVID-19 risks [24]. But this study also presents
adjusted analyses for each outcome that control for age, sex, and his-
tories of relevant chronic conditions, and in these models OUD
patients with COVID-19 still exhibit greater mortality due to COVID-
19 and health service utilization.

The findings of this study related to OAT are somewhat surprising.
The pharmacological effects of opiate-induced respiratory depression
with hypoxia are proposed as factors contributing to worse outcomes
among SUD patients. Opioid-related respiratory depression may
increase the risks of hypoxemia from coronavirus pneumonia and
opioids may depress the immune system, making individuals with
OUD more susceptible to opportunistic infections [25,14]. These
effects imply patients using OAT could be at greater risk for poor out-
comes, yet this study finds they are only at greater risk for hospitali-
zation and higher maximum length of stay. Compared to patients
without an OUD, COVID-19 patients with OUD who were treated
with naltrexone demonstrated even higher risk for hospitalization,
length of stay, and invasive ventilator dependence, but not death.
Naltrexone has been proposed as a possible therapeutic candidate for
COVID-19 due to its ability to act as a host-targeted broad-spectrum
antiviral therapy [26]; however, the small sample of patients treated
with naltrexone in this study do not show clear mortality advantages
but do show more intensive health service use. COVID-19 patients
with OUDs who do not have charts indicating medication treatment
exhibit greater risk for all health service outcomes and greater mor-
tality compared to their counterparts without an OUD. The sample of
patients with OUD who do not use OAT likely mix two groups of peo-
ple: those who have an untreated OUD and those who have an OUD
and pursue forms of non-medication treatment. The data used in this
study cannot parse out whether one of these sub-groups drives these
results. However, it is possible patients with an untreated OUD are
actively engaging in riskier forms of opioid use that increase their
likelihood for poor outcomes.

This study also demonstrated worse COVID-19 health service out-
comes and mortality among OUD patients in some age groups and
racial/ethnic populations. Observing that younger COVID-19 patients
with an OUD had significantly higher odds of dying from COVID-19
compared to their counterparts without an OUD aligns with research
showing risk for opioid overdoses is significantly higher among youn-
ger adults. Individuals age 18�44 comprise 57.9% of non-fatal opioid
overdoses [27] and 65.9% of fatal opioid overdoses occur among indi-
viduals age 15�44 [28], suggesting younger patients may be involved
in riskier forms of opioid use that also result in worse COVID-19 out-
comes.

Significant differences between COVID-19 patients with OUD and
without OUD were observed consistently within Hispanic/Latino
patient populations. Differences within other racial/ethnic groups
varied depending on the outcome measured. While this study
presents comparisons between patients with OUD and those without
OUD within racial groups, this stratified analysis indicates significant
differences between COVID-19 patients with OUD and without OUD
observed in the main analysis are maintained in some groups, while
not maintained in others. Limited access to OUD treatment for
patients of color may fuel the poorer health service outcomes
observed in these data. Access to treatment and recovery services
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remains inequitable for many communities of color [29]. Although U.
S. Black and Hispanic populations have relatively lower rates of opi-
oid misuse compared to non-Hispanic White populations, rates of
misuse have grown since 1999 among Black populations and
remained relatively flat among Hispanic populations [30]. However,
2014�2017 overdose deaths involving synthetic opioids increased by
617% among Hispanic populations [31]. Despite these trends, patients
of color receive buprenorphine prescriptions at lower rates than non-
Hispanic White patients [32] and pregnant Hispanic and non-His-
panic Black patients are shown in multiple studies to be less likely to
receive methadone or buprenorphine compared to non-Hispanic
White patients [33,34]. Even among patients admitted to a hospital
for an opioid overdose, non-Hispanic Black and Hispanic patients are
less likely to receive timely follow-up care in the form of treatment
medication initiation or use of inpatient or outpatient treatment [35],
Across all race and ethnicity groups, Hispanic COVID-19 patients in
this study with co-occurring OUD had the highest odds of hospitaliza-
tion, invasive ventilator dependence, and death due to COVID-19
compared to their counterparts without an OUD. Similarly, Black or
African American COVID-19 patients with an OUD in this study also
had significantly higher odds of hospitalization and invasive ventila-
tor dependence than African American patients without an OUD.
Given elevated rates of health service use and death among OUD
patients in the study sample who were not treated with OAT or nal-
trexone, limited access to treatment medication may play a role in
the racial and ethnic inequities identified in these analyses.

Adjusted analyses also demonstrated that sex, insurance type, and
region also affect health service outcomes among COVID-19 patients
with OUD. OUD patients with private insurance and other insurance
characteristics (i.e., self-pay, missing data) also exhibited greater
COVID-19 mortality than similar patients without an OUD. Insurance
status is a determinant of utilization and access to care in the U.S.,
with uninsured people forgoing care at higher rates than people with
public or private insurance [36]. Even with public insurance through
Medicaid or Medicare, low-income patients may still struggle with
access and exhibit lower utilization of some health services, although
use of emergency departments are higher among Medicaid patients
than among the privately insured [37]. Higher use of health services
among privately insured COVID-19 patients with OUD in this study
compared to their counterparts without OUD may indicate better
access to care among this insurance group. Future research may fur-
ther examine why such factors influence health service outcomes
and mortality among patients with OUDs.

Data from patient EHR have key limitations due to ICD coding
errors and because these data are primarily utilized as a tool for bill-
ing. EHR data frequently do not include all relevant patient diagnoses,
and may only document primary patient complaints, leading to
incomplete data and under-counting of key components of patient
health history. The EHR database used for this analysis also combines
race and ethnicity into a single category and it is unknown how
patient race or ethnicity data are collected, making the quality of this
variable unclear. Patients from rural areas are also less likely to be
represented in EHR databases because adoption of EHR and health
information technology in rural and remote areas lags behind urban
health facilities. Despite these weaknesses, EHR data also provide
large sample sizes that allow for analyses of rare patient populations
that may be particularly difficult to identify and recruit through other
means, such as patients with OUD and COVID-19.

The findings of this study provide mortality and health service
estimates for OUD patients diagnosed with COVID-19. These analyses
highlight how people with OUD are particularly vulnerable to death
due to COVID-19 and often need higher levels of care than other
patients when contracting COVID-19. This study also shows OUD
patients treated with methadone or buprenorphine appear to have
worse outcomes in terms of hospitalization and length of hospital
stay, but better outcomes related to COVID-19 mortality and risk for
requiring invasive ventilator dependence compared to OUD patients
not receiving OAT. The concurrent overdose crisis and global pan-
demic require special attention to people who use drugs. This study
underscores the precariousness of individuals at the intersection of
these health crises; people with OUDs are not only at risk for overdo-
ses, which have soared during the pandemic, this population is also
at risk for worse COVID-19 outcomes, especially when not receiving
OAT. COVID-19 efforts tailored to populations who use opioids that
focus on expanded treatment access may have a significant effect on
reducing the inequitable outcomes found in this research.
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