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The COVID-19 pandemic continues to have profound health, social, psychological, and economic ramifications.
Infection by COVID-19 has been of concern in people who use opioids, as opioid use has been known to mediate
immunosuppression and is associatedwith respiratory depression and end-organdamage.With differingmodal-
ities of opioid usage, the association between opioids and COVID-19 outcomes is not well understood.
We performed a comprehensive systematic search of seven health science databases, including PubMed, Embase,
Cochrane Library,Web of Science, China National Knowledge Infrastructure (CNKI), andWanfangData, up to De-
cember 15, 2021. We identified a total of five related articles, which were included in this study.
The meta-analysis showed that opioids have a significant association with ICU admission for COVID-19 patients
(OR=5.41, 95%CI: 1.85 to 15.79, P=0.002). Use of opioidswas also associatedwith highermortality among pa-
tients with COVID-19 compared to non-users (OR = 2.74, 95%CI: 1.34 to 5.62, P = 0.034), while use of opioids
was not significantly associated with need for mechanical ventilation (OR = 3.68, 95%CI: 0.85 to 15.90, P =
0.081). Furthermore, the adjusted analysis indicated that COVID-19 patients with a history of opioid use were
more likely to be admitted to the ICU (OR = 3.57, 95%CI: 3.05 to 4.17, P<0.001) and have higher mortality
rates (OR=1.72, 95%CI: 1.09 to 2.72, P=0.02),while therewas no significant associationwith need formechan-
ical ventilation (OR= 2.09, 95%CI: 0.77 to 5.64, P=0.146). Significant heterogeneity existed across the included
studies.
Patients using opioids with COVID-19were at higher risk of ICU admission andmortality. Prospective studies are
required to confirm these findings.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

As we reach two years since the discovery of coronavirus disease
(COVID-19), the pandemic continues to rapidly evolve and have pro-
found health, social, psychological, and economic ramifications [1,2].
Clinical presentation of COVID-19 is heterogeneous and involves multi-
ple organ systems,with common symptoms including fever, cough,my-
algia or fatigue, expectoration, and dyspnea [3,4]. Demographic features
already identified as risk factors to severe illness or mortality from
COVID-19 include age over 75, male sex, severe obesity and associated
comorbidities, and presence of active cancer [5]. The omicron variant
rict, Chengdu 610014, Sichuan,
has been shown to be 10 times more infectious than the wild-type
virus, and its vaccine-escape capability shown to be 14 times higher
than that of the Delta variant [6]. Due to this, the discovery of the omi-
cron variant has created additional pressures on healthcare systems
and resource utilization. In the emergency department in particular,
there is a crucial need to reduce the likelihood of overcrowding and
have efficientmethods of triage, furthering the need for an understand-
ing of prognostic factors of COVID-19 infection [7].

The current opioid epidemic continues to be a profound public
health concern with opioid-related deaths increasing and reaching
over 68,000 in the United States in a single 12-month period [8].
Those seeking treatment for substance-use disorders are a vulnerable
and marginalized population that depend on and benefit from in-
person healthcare delivery [9,10]. The pandemic has exacerbated the opi-
oid crisis by disrupting this care, further increasing numbers of overdose
events as well as opioid-related hospitalizations and deaths [11-13].
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Opioids are also known to have immunosuppressive effects; thus, long-
term use of opioids is associated with increased risk of infections and
mortality [14,15]. The use of prescribed opioids in active-phase cancer
treatment, palliative care, and end-of-life care may therefore dispropor-
tionately affect the already immunocompromised patient.

In addition to opioid use disorder, opioids are also used perio-
peratively and in the treatment of chronic pain, with unclear associations
with COVID-19 infection. In cases of moderate to severe pain caused by
COVID-19 infections, opioids may be used for pain management; how-
ever, higher doses are required in those who use opioids, increasing the
risk of toxicity and overdose [16]. Increased opioid usage is associated
with a higher incidence of renal toxicity and acute kidney injury, the latter
ofwhichhas been identified as a poor prognostic factor for COVID-19 [17].
Opioid-induced respiratory depression is also a negative indicator for
COVID-19 prognosis [17].

Currently, more information is needed before prediction models for
COVID-19 can be recommended for clinical guidance [18]. Proposed
prognostic models to date have considered a combination of features
derived from computed tomography scoring, lactate dehydrogenase,
C reactive protein, lymphocyte count, comorbidity, age, and sex as pre-
dictors [18]. The significant biopsychosocial effects associated with opi-
oid use warrant its investigation as a prognostic factor. However, with
differing modalities of opioid usage and variations in preliminary find-
ings, there remains a limited understanding of the association between
opioid medications and COVID-19 outcomes. In this study, we perform
the first systematic review and meta-analysis in the literature investi-
gating the association between opioid usage and COVID-19 prognosis.

2. Methods

This meta-analysis was prepared following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[19]. To identify all relevant literature, a comprehensive search of
PubMed, Embase, Cochrane Library, Web of Science, China National
Knowledge Infrastructure (CNKI), and Wanfang Data from January 1,
2019, to December 15, 2021 was conducted. The following search
terms were used, with no language restrictions: ((2019-nCoV) or
(2019 novel coronavirus) or (coronavirus disease 2019) or (SARS-
CoV-2) or (COVID-19) or (COVID-19[MeSHTerms]) or (coronavirus dis-
ease 2019[MeSH Terms]) or (2019-nCoV[MeSH Terms]) or (novel coro-
navirus[MeSH Terms])) AND ((opioid) or (opiate) or (morphine) or
(oxycodone) or (methadone) or (fentanyl) or (tramadol) or (opioid
[MeSH Terms]) or (opiate[MeSH Terms]) or (morphine[MeSH Terms])
or (oxycodone[MeSH Terms]) or (methadone[MeSH Terms]) or (fenta-
nyl[MeSH Terms]) or (tramadol[MeSH Terms])). We also analyzed our
listed references as well as the included articles of all eligible studies
and performed a manual search of related articles to identify additional
potential studies. The initial screening of titles and abstracts was done
by two independent investigators (YW and GA) who retrieved full-
length articles of all potential studies. Afterward, screening using the el-
igibility criteria was conducted, in which studies were only included if
they (1) enrolled patients with diagnosis of COVID-19; (2) provided a
comparison of the clinical outcomes of patients treated with opioids
versus those who were not; (3) provided an odds ratio (OR) with 95%
confidence interval (CI) for outcomes of interest, or data such as overall
survival or relevant clinical events fromwhich they could be calculated.
Studies were excluded if theywere reviews, editorials, abstracts, or con-
ference presentations. All decisions regarding eligibility were made ac-
cording to pre-specified selection criteria. Any discrepancies were
resolved through consensus or discussion with a third investigator.

Relevant elements from each screened article were independently
extracted by two reviewers (YW and JL). The following parameters
were obtained from each study if available: first author's name, year of
publication, number of participants, demographic information including
age and gender, study design, country of origin, definition of opioid, ad-
justed variables, and outcomes of interest. The primary endpointwas the
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effect of opioid use on mortality and disease severity of COVID-19. The
Jadad scale for randomized controlled studies was used to conduct a
study quality assessment [20]. For non-randomized controlled studies,
study quality was assessed using a nine-item Newcastle-Ottawa Scale
(NOS) [21] by two independent investigators (YWandGA). Any discrep-
ancieswere resolved by re-evaluation and consensus among the authors.

Statistical analysis was performed using RevMan 5.3 (Cochrane Col-
laboration, London, UK) and Stata 12.0 (StataCorp, LLC, College Station,
TX, USA). Unadjusted odds ratios (ORs) and adjusted ORs with 95% CIs
were used as the summary statistic for dichotomous outcomes. Overall
risk estimates for unadjusted and adjusted dichotomous data were cal-
culated using the Mantel–Haenszel and inverse-variance methods, re-
spectively. Statistical heterogeneity of all included studies was
evaluated by Cochran's Q test and I2 statistic, where a Q-statistic I2 >
50% or a P < 0.05 suggested high heterogeneity. For cases where I2 >
50%, a random-effect model was used to assess the impact of an inter-
vention. A fixed-effect model was implemented for cases where I2 <
50%. Sensitivity and subgroup analyses were done based on country of
origin and other factors that may cause heterogeneity. A P value of
<0.05 was considered statistically significant. This study is registered
with PROSPERO, number CRD42022300217.

3. Results

The electronic literature search identified 1193 potentially eligible
articles. Among them, 248 studieswere excluded due to repetition. Sub-
sequently, 893 articles were considered irrelevant following evaluation
of titles and abstracts. A full text review of the remaining 52 studies was
then conducted, and 47 records were eliminated since they were re-
views, abstract, letters, conferences, without comparison between opi-
oid use and no-opioid use, or without clinical outcomes reported.
Therefore, a total of 5 studies with 1,023,224 patients were included
in the final analysis [22-26]. The process of study retrieval is shown in
Fig. 1. All five studies were observational studies with four from the
U.S.A and one from South Korea. The detailed characteristics of each
study are shown in Table 1. Some studies adjusted for factors such as
age, sex, and comorbidities. The details of quality assessment using
the NOS tool are presented in Table 2. All studies included in our
meta-analysis were of high quality. One study [18] categorized opioids
into strong and weak opioids. Since the results of strong and weak opi-
oids could not be combined, the results of strong opioids were used to
best reflect the effects of opioids on clinical outcomes.

The meta-analysis of unadjusted results showed that opioid use has
a significant association with ICU admission (OR= 5.41, 95%CI: 1.85 to
15.79, P=0.002; I2= 93.3%) (Fig. 2A). In addition, opioid usewas asso-
ciated with higher mortality among patients with COVID-19 compared
to non-users (OR = 2.74, 95%CI: 1.34 to 5.62, P = 0.034; I2 = 98.6%)
(Fig. 2B), while opioid use was not significantly associated with need
for mechanical ventilation (OR = 3.68, 95%CI: 0.85 to 15.90, P =
0.081; I2 = 99.6%) (Fig. 2C). The adjusted analysis reinforced these re-
sults: COVID-19 patients with a history of opioid use were more likely
to be admitted to the ICU (OR = 3.57, 95%CI: 3.05 to 4.17, P<0.001;
I2 = 10.4%) (Fig. 3A) and have higher mortality rates (OR = 1.72, 95%
CI: 1.09 to 2.72, P= 0.02; I2 = 93.4%) (Fig. 3B), while there was no sig-
nificant association with need for mechanical ventilation (OR = 2.09,
95%CI: 0.77 to 5.64, P=0.146; I2=98.4%) (Fig. 3E). Therewas substantial
heterogeneity across the studies. Subgroup analysis based on countries
(U.S.A versus South Korea) and sensitivity analysis by excluding one
study [18] revealed non-significant results for mortality rate with an un-
adjusted OR=1.853 (95% CI:0.875–3.925;P=0.107;I2= 98.9%) and ad-
justed OR = 1.306 (95% CI: 0.870–1.961; P= 0.197; I2 = 92.4%).

4. Discussion

With the rapid propagation of COVID-19 variants of concern demon-
strating an increasing incidence of immune escape properties in



Fig. 1. Flow diagram of literature search and study selection.

Table 1
Characteristics of included studies.

Study Region Opioid No opioid Study design Sample
size

Definition of opioid Adjusted variables NOS
score

Age Male
(%)

Age Male
(%)

Allen [22]
2020

U.S.A NR NR NR NR Retrospective
cohort

11,830 ICD-10 codes F11
(opioid use disorder)

Sex, age, race and comorbidity 8

Oh [23]
2021

South
Korea

NR NR NR NR Retrospective
cohort

7713 All opiates except
codeine,
dihydrocodeine,
hydrocodone, and
tramadol.

Sex, age, race, annual income
level in 2020 and comorbidity

8

Qeadan [24]
2021

U.S.A 60 (48–70) 502
(49.6)

53 (35–68) 25,298
(49.3)

Retrospective
cohort

52,312 Measured by past
opioid overdose or
opioid use disorders
recorded in ICD-9 or
ICD-10 codes

Age, gender, race/ethnicity,
insurance, region, diabetes
mellitus, asthma, hypertension,
hydroxychloroquine, remdesivir,
decadron or prednisone, aspirin
and plavix

8

Tuan [25]
2021

U.S.A 52.1 ± 17.1 3764
(39.4)

43.1 ± 17.6 199,947
(48.9)

Retrospective
cohort

418,216 Individuals are
prescribed with opioids
in three or more
consecutive months or
at least 90 days at
outpatient settings.

Age, sex, race/ethnicity and
comorbidities (diabetes, essential
hypertension, chronic pulmonary
conditions, cardiovascular
diseases, mental health
disorders)

8

Wiener [26]
2021

U.S.A 71.8 ± 6.3 3382
(45.1)

74.1 ± 7.3 245,186
(46.9)

Retrospective
cohort

533,153 The unhealthful opioid
use was defined with
ICD-10_CM code F11

Sex, race, nicotine dependence,
socioeconomic status, body mass
index, diabetes, and chronic
lower respiratory disease

8

NOS: Newcastle-Ottawa scale; ICD-10-CM: international classification of diseases, tenth revision, clinical modification; NR: not reported.
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Table 2
Study quality assessment using the Newcastle-Ottawa scale.

Selection Outcome

First author, year of
publication
(reference)

Representativeness
of exposed cohort

Selection of
nonexposed
cohort

Ascertainment
of exposure

Outcome of interest
absent at start of
study

Comparability Assessment
of outcome

Follow-up long
enough for
outcomes to occur

Adequacy
of follow-up

Total
score

Allen * * * * * * * … … 7
Oh * * * * * * * … … 7
Qeadan * * * * * * * … … 7
Tuan * * * * * * * … … 7
Wiener * * * * * * * … … 7

Fig. 2. 2A: meta-analysis of unadjusted results of association between opioid use and ICU
admission; 2B: meta-analysis of unadjusted results of association between opioid use and
mortality; 3C: meta-analysis of unadjusted results of association between opioid use and
mechanical ventilation;

Fig. 3. 3A:meta-analysis of adjusted results of association between opioid use and ICU ad-
mission; 3B:meta-analysis of adjusted results of association between opioid use andmor-
tality; 3C: meta-analysis of adjusted results of association between opioid use and
mechanical ventilation.
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vaccinated individuals, there have been considerable pressures on
healthcare systems, highlighting the importance of having indicators
for COVID-19 prognosis to inform resource utilization [27,28]. In this
study, opioid use was shown to be strongly associated with poor out-
comes following COVID-19 infection. Both unadjusted and adjusted
analysis results indicated that opioid use was associated with an in-
creased risk for overallmortality aswell as an increased need for ICU ad-
mission. Mechanical ventilation was not found to be significantly
associated with opioid use.

The association between opioid use and increased mortality and
need for ICU admission following COVID-19 infection is likely multifac-
torial, involving both medication- and patient-specific factors. The im-
mune modulation and suppressive properties associated with opioid
use has been well documented in the literature. Opioid use has been
found to alter the infiltration and cytotoxicity of immune cells when
used for cancer pain and severely compromise the immune system
when used chronically [29,30]. This impact on the immune response
not only exposes patients using opioids to opportunistic infections but
also contributes to the potential severity of disease. Furthermore, recent
studies have identified individuals with substance use disorders as hav-
ing higher risks of negative COVID-19 outcomes [31-33]. Individuals
with opioid use disorder may also be more susceptible to primary
COVID-19 infection due to the extensive public health measures imple-
mented. Social distancing practices may contribute to reduced drug
availability, disrupted access to health services and safe consumption
sites, and isolation can negatively affect mental health and predispose
opioid use [18].

Opioid use is known to induce respiratory depression through stim-
ulation of μ-opioid receptors with risk of progressing to respiratory fail-
ure [34,35]. Given that COVID-19 infection may also cause respiratory
depression, the additive respiratory impacts of opioid use and COVID-
19 infection may worsen overall outcomes. Opioid use has also been
documented in causing end-organ damage, an issue compounded fur-
ther by the disease manifestations of COVID-19 [36,37]. Finally, individ-
uals using opioid medication often have comorbidities including older
age, cancer, chronic pain, psychiatric diagnoses, factors that predispose
patients to worse outcomes and serve as risk factors for disease severity
and death [38-40]. The synergistic consequences of opioid use and
COVID-19 infection in addition to existing comorbidities increase the
risk of poor prognosis, likely resulting in increased need for ICU admis-
sion and mortality following COVID-19 infection. Opioid use has a pos-
itive association with mechanical ventilation similar to that of ICU
admission but is not statistically significant. It is possible that this is
due to the small sample size of only two studies for mechanical ventila-
tion. This may also be secondary to the concept that there are various
factors necessitating ICU admission beyond mechanical ventilation
and insults on the respiratory system, including sepsis and severe car-
diovascular disease [41,42].

These prognostic factors provide an additionalmodality of informing
the triage process for patients with COVID-19 in the emergency depart-
ment, especially as the opioid epidemic continues to have considerable
independently associated mortality and encompasses a large percent-
age of all emergency department visits [43-45].

Our study has several limitations and as such our results should be
interpreted with caution. Our sample size was small with five included
articles for themeta-analysis. Furthermore, while mortality was an out-
come in all five, ICU admission and mechanical ventilator support were
only outcomes in two studies each, thus having even smaller sample
sizes. The heterogeneity across the included studies was significant,
due to the broad definitions used surrounding opioid medication. As
such, without more detailed information on opioid type, dose, course,
duration, or clinical indication, subgroup analyses were not able to be
conducted. In addition,whilemost included studies grouped all opioids,
one study divided strong andweak opioids into separate categories, the
results of which were not able to be combined notwithstanding the
sample size of each group being inadequate. This may have created
55
bias as the use of strong opioids may have more severe adverse out-
comes compared to those of weak opioids. Future studies should con-
sider analyzing differences between strong and weak opioids on
COVID-19 outcomes. Despite these limitations, this study is thefirst sys-
tematic review and meta-analysis to investigate the association be-
tween opioid medication and COVID-19 outcomes. Additional research
is needed to provide a larger sample size and a better understanding
of patient circumstances, including opioid type, dose, course, duration,
and clinical indication.

5. Conclusion

COVID-19 patients with opioid use were at higher risk of ICU admis-
sion and mortality. Prospective studies are required to confirm these
findings.
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