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Abstract

Background: Opioid use disorder (OUD) as a common drug use disorder can affect public health issues, including
the COVID-19 pandemic, in which patients with OUD may have higher risk of infection and severe disease. This sys-
tematic review and meta-analysis was conducted to investigate the risk of COVID-19 and the associated hospitaliza-
tion, intensive care unit (ICU) admission, and mortality in patients with OUD.

Materials and Methods: A comprehensive systematic search was performed on PubMed, Scopus, Embase, and Web
of Science to find studies which compared the infection rate and outcomes of COVID-19 in OUD patients in compari-
son with the normal population. A random effects meta-analysis model was developed to estimate odd ratios (OR)
and 95% confidence interval (Cl) between the outcomes of COVID-19 and OUD.

Results: Out of 2647 articles identified through the systematic search, eight were included in the systematic review
and five in the meta-analysis. Among 73,345,758 participants with a mean age of 57.90 & 13.4 years, 45.67% were
male. The findings suggested no significant statistical relationship between COVID-19 infection and OUD (OR (95%
Cl): 1.18 (0.47-2.96), p-value: 0.73). Additionally, patients with OUD had higher rate of hospitalization (OR (95% Cl) 5.98
(5.02-7.13), p-value<0.01), ICU admission (OR (95% Cl): 3.47 (2.24-5.39), p-value<0.01), and mortality by COVID-19) OR
(95% Cl): 1.52(1.27-1.82), pvalue<0.01).

Conclusion: The present findings suggested that OUD is a major risk factor for mortality and the need for hospitali-
zation and ICU admission in patients with COVID-19. It is recommended that policymakers and healthcare providers
adopt targeted methods to prevent and manage clinical outcomes and decrease the burden of COVID-19, especially
in specific populations such as OUD patients.
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Background
In March 2020, the World Health Organization
announced COVID-19 as a pandemic. A total of 462
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observed in infected individuals, especially in cases with
a high virus load, such as healthcare workers [3—6]. As
a major threat to public health, the growing mortality
and morbidity associated with COVID-19 require the
evaluation of the risk factors for COVID-19-induced
complications.

As a common drug use disorder, opioid use disor-
der (OUD) globally affects 40.5 million people and 510
cases per 100,000 [7]. Research suggests that OUD is a
risk factor that exacerbates COVID-19 outcomes [8, 9].
The immunosuppressive effects exerted on respiratory
and mental systems by the unhealthy use of opioids can
increase the risk of infection with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) and cause
COVID-19-associated hospitalization, prolonged Inten-
sive Care Unit (ICU) stay, adverse events and death.
Moreover, decreased lung capacity caused by COVID-19
can worsen the condition associated with opioid over-
dose [10, 11]. The discrepancy is observed among the
results associated with complications of COVID-19,
such as hospitalization, ICU admission, and mortality in
the studies [12-14]. However, despite the research per-
formed on the effects of drug abuse on COVID-19 com-
plications, the relationships between COVID-19 and
OUD have rarely been addressed in the literature [15,
16]. Acquiring information about the risks of COVID-19
outcomes associated with OUD can therefore help deter-
mine patient risk and introduce evidence-based actions
to clinicians and policymakers.

The present systematic review and meta-analysis aimed
at examining the influence of OUD on the risk of infec-
tion with COVID-19 in the early phases of the pandemic.
Hospitalization, ICU admission, and mortality were also
investigated in OUD patients with COVID-19 compared
with non-OUD ones.

Methods

Inclusion criteria and search strategy

The present systematic review and meta-analysis was
conducted based on Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines [17]. Two authors, EB and BB, independently
searched online databases of PubMed, Embase, Web of
Science, and SCOPUS for articles published from Janu-
ary 2020 to December 2021. Inclusion criteria were
the observational studies that investigated the rate of
COVID-19 infection (either by Polymerase Chain Reac-
tion (PCR) or clinical diagnosis by the physician) or
outcomes (COVID-19-related hospitalization, ICU
admission due to COVID-19, and mortality from it) of
OUD patients compared with the overall population or
the studies with substance use disorder (SUD) which
included opioids in the total SUD definition. Exclusion
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criteria were non-English publications, case series
recruiting below twenty patients, case reports, review
articles, editorials, conference abstracts, nonclinical stud-
ies, preprints, and non-peer-reviewed studies, in addition
to studies that did not mention OUD in their total SUD.
The keywords included were COVID-19, SARS-CoV-2,
opioid, opioid use disorder, hospital admission, hospitali-
zation, intensive care, death, mortality, and other related
MeSH terms. Additional file 1: Table S1 presents a com-
plete list of the keywords used in the search. Reference
screening of the included articles was also performed for
possible new included studies.

After eliminating duplicated articles, two authors, AHB
and EB, independently screened the titles and abstracts
of the articles based on the inclusion criteria. In case of
disagreement, the full text of the articles was explored,
and any discrepancy was resolved through discussion
with BB. A study with the largest dataset was chosen to
be included in the systematic review and meta-analysis
from articles including the same or nearly the same clini-
cal population.

Quality assessment

The quality of the included articles was evaluated using
the New Castle Ottawa Scale (NOS) designed for obser-
vational studies [18]. A NOS score of at least 7 was con-
sidered high quality, 5-6 as moderate quality, and less
than 5 as low quality. EB and BB independently assessed
the quality, and any disagreement was resolved through
discussion with a third author (AHB).

Data extraction

With high consensus levels (kappa coefficient>0.8),
reviewers (EB and BB) independently extracted data from
the eligible studies. As independent authors, MF and
AHB cross-checked the data extraction and employed
a standardized coding protocol to collect data such as
country, age, gender, title of study, authors, publication
date, study setting, study design, methodology, study
population, and rate of outcomes.

Statistical analysis

The meta-analysis was performed using Stata software
(Stata/MP 16.0, Stata Corp LLC, College Station, Texas,
USA). Odds ratio (OR) along with a 95% confidence
interval (CI) was used to perform random-effect meta-
analysis (DerSimonian-Laird model) for the comparison
of each outcome between OUD and non-OUD groups.
Cochran’s Q and I? statistics were used based on the ran-
dom-effects models to determine heterogeneity among
the studies. The heterogeneity (I*) was classified as mild
(25-49%), moderate (50-74%), and high (>75%) [19].
The funnel plot and statistical examinations of Egger’s,
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Begg’s, and "trim and fill" tests were also used to iden-
tify potential publication bias [20, 21]. Meta-regression
for the quantitative variables, including sample size,
NOS score, male percentage, and publication year was
conducted in order to identify the source of heterogene-
ity. The corresponding bubble plots were also designed.
Two-tailed p-value <0.05 was set as the level of statistical
significance.

Results

Screening the search results and quality assessment
According to the selection process of the PRISMA flow
diagram in Fig. 1, a total of 2,647 records were identi-
fied by searching the databases, which then decreased
to 1,868 after removing duplicates. Among these, 1,782
were excluded by title/abstract screening, and 86 were
assessed for eligibility based on their full texts. Several
articles investigated the complications of total SUD and
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COVID-19 outcomes did not focus on OUD compli-
cations separately. The present study extracted all the
data of all studies that investigated total SUD with the
inclusion of OUD and analyzed them based on associa-
tions between OUD and COVID-19 complications, as
reported in the manuscript. Namely, SUD consisted of
opioids, drugs, and alcohol (ethanol and methanol) in
most of the studies.

Finally, a total of eight articles were included in the
systematic review [22-29], of which three did not
report OUD-only outcomes separately and reported the
outcomes of overall SUD patients [22—24]. Table 1 illus-
trates the detail and findings of the articles included
in the systematic review. The majority of studies were
conducted in the United States [22, 23, 25—27], while
two were done in Iran [28, 29] and one in Spain [24].
Moreover, the diagnosis of OUD was defined based on
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the interview [26, 28, 29], or from previously collected
registries [23, 27].

Five studies were included in the meta-analyses [25-
29], representing 73,345,758 participants, of whom
49,184 had OUD. The mean age of participants was
57.90+£13.4, years and 45.67% of them were male. Out
of the five included articles, four reported associations
between OUD and COVID-19, two reported data on
hospitalization, two reported ICU admission data, and
two compared mortalities of COVID-19 patients.

Out of the eight quality-assessed peer-reviewed arti-
cles included in the systematic review, seven were rated
as high-quality [22, 24-29] and one as moderate-quality
[23]. GRADE assessment indicated high certainty for
estimating the primary outcome and crude hospitaliza-
tion and moderate certainty for adjusted hospitalization
and ICU admission. Adjusted ICU admission was rated
as very low certainty. Failing to properly match the two
study groups and the follow-up of shorter than 30 days
significantly contributed to reductions in the qual-
ity. Additional file 1 Table S2 summarizes the results of
assessing the quality of the included articles.

Outcomes of meta-analysis, sensitivity analysis,

publication bias and meta-regression

The random-effects analysis of the study outcomes
revealed no robust evidence of increased risks of
COVID-19 infection in the patients with OUD com-
pared with those without OUD (Fig. 2; OR (95% CI): 1.18
(0.47-2.96); p-value: 0.73). This was associated with high
Heterogeneity (I>=96.5%) for this outcome.

The results of COVID-19 outcomes are illustrated
in Fig. 3. The risk of hospitalization after infection with
the disease was significantly higher in the patients with
OUD than in those without OUD with no heterogene-
ity (Additional file 1: Figure S1, OR (95% CI): 5.98 (5.02—
7.13); p-value<0.01). In addition, the pooled OR in the
two included articles suggested that OUD increased the
risk of ICU admission by more than threefold (Addi-
tional file 1: Figure S2, OR (95% CI): 3.47 (2.24-5.39);
p-value <0.01). With regards to mortality, OUD patients
had a significantly higher death rate than those with-
out OUD (Additional file 1: Figure S3, OR (95% CI):
1.52 (1.27-1.82); p-value<0.01) Heterogeneity was low
(I?=0.0%) in hospitalization, ICU admission, and mor-
tality in these models.

Sensitivity analysis showed no significant change in
ORs except for omitting Wang et al. (30), which resulted
in a statistically significant effect size for COVID-19
infection in favor of OUD patients (OR (95% CI): 0.77
(0.61-0.97); p-value: 0.02).

As there was a high heterogeneity in COVID-19 infec-
tion analysis, meta-regression was performed to identify
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its source. The analyzed variables included sample size,
NOS score, publication year, and the male percentage.
The sample size was shown to be the only source of het-
erogeneity, contributing to 100% of it (p-value<0.001).
All other variables did not show any significant contribu-
tion to the heterogeneity (Table 2). This represents that
the high heterogeneity observed is due to the difference
in the sample sizes of the studies. Bubble plots for all
these outcomes are shown in Additional file 1: figures S4
and Additional file 1: fig. S5 and Additional file 1: fig. S5
and Additional file 1: fig. S6 and Additional file 1: fig. S7.

The funnel plot for COVID-19 infection in patients
with OUD showed apparent asymmetry, but Egger’s and
Begg’s tests did not reveal any significant publication bias
(p-value: 0.46 and p-value: 00, respectively) (Additional
file 1: Figure S8).

Discussion

Our study assessed the association between OUD and
COVID-19 infection in addition to the disease’s compli-
cations, including hospitalization, ICU admission, and
mortality. Despite the insignificant association between
OUD and COVID-19 infection, there was a higher rate
of hospitalization in patients with OUD, compared to
non-OUD cases. Our meta-analysis reported higher
ICU admission rates in these patients; also, mortality
was higher in the patients with OUD compared to those
without.

A large body of literature suggests the immunosup-
pressive effects of chronic OUD among people with long-
term opioid use (>90 days a year) are exerted through
binding to p-opioid receptors, modulating downstream
cellular signal pathways, and impairing the function of
virtually immune cells [30-32]. ICU stay has been pro-
longed, and risks of COVID-19-related hospitalization,
respiratory depression, and death have been increased
in the globally-growing population of patients with OUD
and compromised immune systems.

The included articles showed no significant associa-
tions between OUD and COVID-19. Given the contro-
versial effects of OUD on COVID-19, research suggests
a higher risk of COVID-19 in patients with substance
use disorder or OUD [33-36]. Although not shown in
our analysis, there can be several contributing factors for
this, including their immunosuppression status caused by
opioids, behavioral and economic factors, and living in
crowded and closed places. On the other hand, resistance
to COVID-19 was reported in tea and tobacco consum-
ers, as well as in patients with OUD [37, 38]. The obser-
vation that COVID-19 infection was not statistically
different in OUD and non-OUD groups may also stem
from the fact that OUD cases are unwilling to appear in
the general population or gatherings.
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OouD Non-OUD Weight Odds Ratio
Study Event no Event Event no Event (%) M-H,Random, 95% CI
Allen et al, 2020 70 795 11,760 100,667 28.55 0.75[0.59, 0.96] -
Jamali et al, 2021 4 116 191 4,082 21.64 0.74[0.27,202] ——
Riahi et al, 2021 4 32 53 460 20.86 1.08[0.37, 3.19] ——
Wang et al, 2021 210 471,310 11,820 72,616,510 28.95 2.74[2.39, 3.14] [ |
Overall 1.18[0.47, 2.96] —————
Heterogeneity: 1° = 0.76, I* = 96.52%, H’ = 28.73
Testof 6=0:z=0.34,p=0.73
I 1
0.10 1.00 10.0
Random-effects DerSimonian—Laird model
Fig. 2 Results of COVID-19 infection meta-analysis
ouD Non-OUD
Outcome Number of o OR (95% CI) 0dds Ratio P-value | P2 (%)
studies Event Total Event Total
Hospitalization 2 937 1,083 | 32,069 63,059 | 5.98(5.02-7.13) - [ <0.01 0
ICU Admission 2 30 106 1,186 12273 | 3.47(224-5.39) . <0.01 0
Mortality 2 140 1,083 5670 63,059 | 1.52(1.27-1.82) e <0.01 0
0.1 1 10
Fig. 3 Summary of meta-analyses on COVID-19 outcomes
Table 2 Meta-regression results for the COVID-19 infection outcome
Moderator Meta-regression R? Analog (proportion
of variance explained)
Slope 95% Cl p-value %
Sample size 175% 1078 138x 1078 211x10% <0.001 100
NOS score 0.331 —0.621 1.283 0.496 0.00
Publication year 0.676 — 0.869 2.221 0.391 0.00
Male Percentage —0.024 —0.143 0.095 0.697 0.00

NOS new-castle ottawa scale, Cl confidence interval

The results of this study showed significant differences
between OUD and non-OUD in the aspect of hospitali-
zation, which was reported similarly in several previ-
ous studies [15, 36, 39]. Respiratory depression caused
by OUD can increase the risk of COVID-19-induced
hypoxemia and immunosuppression and subsequently
raise vulnerability to COVID-19 outcomes in patients
with OUD, which causes a higher hospitalization rate.
Since higher male percentage, higher age, and higher
frequency of chronic conditions were associated with
worse COVID-19 outcomes, such as hospitalization,
these may be contributing factors for the results observed
in OUD patients [40]. However, the causal relationship

between these should be further studied. As there has
been higher hospitalization in OUD cases, practical chal-
lenges in urgent need for the hospitalization of patients
with OUD should be considered by healthcare systems,
including comorbidities such as older age, cancer, psy-
chiatric disorders (and the effect of their medications),
and chronic pain [41-43], in addition to a higher risk of
end-organ damage [44, 45]. Higher ICU admission and
mortality rates observed in patients with OUD can also
have clinical implications, including focusing on moni-
toring during the hospitalization course. In addition,
healthcare providers anticipate long-term treatments and
invasive procedures such as intubation in these patients.
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The adverse effects of opioids on the respiratory system
and the associated increased histamine release caused by
OUD also cause extubating challenges in these patients
[30-32, 46, 47]. Moreover, medications used prelimi-
nary for COVID-19, such as hydroxychloroquine and
azithromycin, although the efficacy could not be later
established in studies [48, 49], significantly interact with
certain opioids, including methadone [50, 51]. Clini-
cians should be, therefore, aware of the co-prescription
of drugs and medicines used for opioid withdrawal in
inpatients.

This meta-analysis suggested associations between
OUD and ICU admission after adjusting for other risk
factors in the included articles, such as age, sex, race,
COVID-19 medications, and some underlying conditions
like cancer, hypertension, diabetes, immunosuppression,
and asthma, which can be attributed to different comor-
bidities and complications in the individual patients.
Given the controversial relationships between ICU
admission and OUD [52-54], there may be the chance of
low-quality study or wide range for OR which can affect
the overall results and should be considered in future
studies.

In line with the literature, the present research showed
increased risks of COVID-19-associated mortality in
patients with OUD, which can stem from biological pro-
cesses such as immunosuppression and elevated cytokine
concentration [22, 27, 55]. Saeedi et al. reported signifi-
cant associations between OUD and mortality in patients
with COVID-19 (OR (95% CI): 3.59, (0.9-14.5)) [34]. Fur-
thermore, OUD was reported as a contributing factor to
increasing several infectious diseases such as HIV, endo-
carditis, hepatitis, and some other viral infections [56].

The higher hospitalization, ICU admission, and mor-
tality in OUD patients should be taken into considera-
tion in the vaccination programs. These programs have
been implemented globally, and the efficacy of vaccines
in terms of all investigated factors (infection, hospitali-
zation, ICU admission, and mortality) has been shown
in several studies [57-59]. Given the higher COVID-19
complications in OUD cases, preventive measures such
as vaccination should be especially considered in them
in order to reduce the COVID-19 burden in this highly
susceptible population. This is of more importance as
there has been a report that complacency and conveni-
ence were the main barriers to COVID-19 vaccination in
people with OUD [60].

Study strengths and limitations

This study provided evidence for evaluating associations
between OUD and COVID-19 outcomes. Several studies
evaluated the effects of SUDs on COVID-19 outcomes;
nevertheless, OUD has been less addressed individually
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in the literature. The low number of included articles,
therefore, constituted a limitation of the present study.
Given the several low-quality articles or those with a
small sample, the evidence obtained for COVID-19 out-
comes was of low certainty. Moreover, the observational
nature of studies and the potential risk of confound-
ing biases, in addition to the low number of studies for
some of the outcomes, could have an impact on the over-
all pooled result. Further evidence is therefore required
for determining the accuracy and generalizability of the
present findings, especially ICU admission, based on rel-
evant factors and comorbidities. Importantly, this study
focuses on the early phase of the COVID-19 pandemic
and, therefore, may have been affected during the next
phases and introduction of vaccines. In many countries,
it can be applicable and provide valuable information
regarding OUD and COVID-19. The diverse definitions
provided for OUD also decreased the number of included
articles; nevertheless, efforts were made to uniformly
define OUD in the present study, especially in the context
of pandemics.

Conclusion

Our meta-analysis revealed that OUD was not associated
with COVID-19 infection; however, patients with OUD
were more likely to be hospitalized and receive treatment
in ICU. Moreover, according to the meta-analysis, mor-
tality was reported to be higher in the patients with OUD
compared to the other patients. Therefore, as this popula-
tion is at higher risk of suffering and complications from
the COVID-19 pandemic, policymakers and healthcare
systems should pay special attention to them.
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