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IMPORTANCE Preexisting noncommunicable diseases (eg, diabetes) increase the risk of
COVID-19 infection, hospitalization, and death. Mood disorders are associated with impaired
immune function and social determinants that increase the risk of COVID-19. Determining
whether preexisting mood disorders represent a risk of COVID-19 would inform public health
priorities.

OBJECTIVE To assess whether preexisting mood disorders are associated with a higher risk of
COVID-19 susceptibility, hospitalization, severe complications, and death.

DATA SOURCES Systematic searches were conducted for studies reporting data on COVID-19
outcomes in populations with and without mood disorders on PubMed/MEDLINE, The
Cochrane Library, PsycInfo, Embase, Web of Science, Google/Google Scholar, LitCovid, and
select reference lists. The search timeline was from database inception to February 1, 2021.

STUDY SELECTION Primary research articles that reported quantitative COVID-19 outcome
data in persons with mood disorders vs persons without mood disorders of any age, sex, and
nationality were selected. Of 1950 articles identified through this search strategy, 21 studies
were included in the analysis.

DATA EXTRACTION AND SYNTHESIS The modified Newcastle-Ottawa Scale was used to assess
methodological quality and risk of bias of component studies. Reported adjusted odds ratios
(ORs) were pooled with unadjusted ORs calculated from summary data to generate 4
random-effects summary ORs, each corresponding to a primary outcome.

MAIN OUTCOMES AND MEASURES The 4 a priori primary outcomes were COVID-19
susceptibility, COVID-19 hospitalization, COVID-19 severe events, and COVID-19 death. The
hypothesis was formulated before study search. Outcome measures between individuals
with and without mood disorders were compared.

RESULTS This review included 21 studies that involved more than 91 million individuals.
Significantly higher odds of COVID-19 hospitalization (OR, 1.31; 95% CI, 1.12-1.53; P = .001;
n = 26 554 397) and death (OR, 1.51; 95% CI, 1.34-1.69; P < .001; n = 25 808 660) were found
in persons with preexisting mood disorders compared with those without mood disorders.
There was no association between mood disorders and COVID-19 susceptibility (OR, 1.27;
95% CI, 0.73-2.19; n = 65 514 469) or severe events (OR, 0.94; 95% CI, 0.87-1.03;
n = 83 240). Visual inspection of the composite funnel plot for asymmetry indicated the
presence of publication bias; however, the Egger regression intercept test result was not
statistically significant.

CONCLUSIONS AND RELEVANCE The results of this systematic review and meta-analysis
examining the association between preexisting mood disorders and COVID-19 outcomes
suggest that individuals with preexisting mood disorders are at higher risk of COVID-19
hospitalization and death and should be categorized as an at-risk group on the basis of a
preexisting condition.
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D espite ongoing public health efforts, the devastating
impact of COVID-19 continues to be observed world-
wide. In October 2020, the World Health Organiza-

tion estimated that approximately 10% of the global popula-
tion had been infected with COVID-19, representing 20 times
the number of recorded cases.1 An early study2 reported that
approximately 14% of affected individuals experienced se-
vere COVID-19–associated symptoms, whereas 5% presented
as critically unwell and required intensive care. Established risk
factors for severe COVID-19 include preexisting cardiovascu-
lar disease, obesity, diabetes, cancers, and respiratory
disease.3,4

Individuals with mood disorders may be at greater risk (and
vice versa) for COVID-19 because of a confluence of factors
known to increase the risk in the general population.5 For ex-
ample, the finding that a subpopulation of individuals with
mood disorders exhibit evidence of dysregulated immune func-
tion has been replicated in several studies.6,7 Moreover, per-
sons with mood disorders are differentially affected by non-
communicable diseases (eg, obesity and cardiovascular disease)
known to increase the risk of COVID-19.8,9 In addition, social
determinants of risk (eg, poverty and insufficient access to
timely and preventive health care) are also more commonly
observed in persons with mood disorders.

The fact that COVID-19 is associated with complex and, in
some cases, enduring neuropsychiatric manifestations has been
amply documented.10-12 A related but separate question is
whether individuals with mood disorders are at higher risk of
contracting COVID-19 and/or experiencing complications and
death from the disease.13-15 A higher risk of infection and/or
complications attributable to COVID-19 in individuals with psy-
chiatric illnesses has been reported16; however, to our knowl-
edge, no meta-analysis has delimited its focus to persons with
mood disorders. Empirical evidence addressing this question
is crucial given the high global lifetime prevalence of mood dis-
orders in the general population and the need to prioritize pub-
lic health strategies to mitigate the risk of COVID-19 and asso-
ciated complications.17 In this study, we hypothesized that
individuals with preexisting mood disorders are at higher risk
of COVID-19 susceptibility, hospitalization, severe events, and
death.

Methods
Search Strategy
The protocol pertaining to this study was registered on PROS-
PERO (CRD42020220502). A systematic search was con-
ducted from database inception to February 1, 2021, for pri-
mary research articles. The following databases were searched
systematically: PubMed/MEDLINE, the Cochrane Library, Psy-
cInfo, Embase, and Web of Science. We manually searched the
references of relevant articles as well as Google Scholar/
Google and LitCovid for additional studies. No language re-
strictions were imposed. Sample search strategies are pro-
vided in eAppendix 1 in the Supplement. A total of 1950 articles
were identified through this search strategy. This study fol-
lowed the Meta-analysis of Observational Studies in Epidemi-

ology (MOOSE)18 and Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA)19 reporting guidelines.

Titles and abstracts were independently screened by 2 re-
viewers (F.C. and D.N.), articles identified as potentially rel-
evant by at least 1 reviewer were retrieved, and duplicates were
removed. Full-text articles were independently screened by
2 reviewers (F.C. and D.N.), with discrepancies resolved through
discussion.

Inclusion and Exclusion Criteria
We compared COVID-19 test positivity, hospitalizations, se-
vere events (including intensive care unit admission, mechani-
cal ventilatory support, oxygen therapy, extracorporeal mem-
brane oxygenation, acute respiratory distress syndrome, and/or
cardiopulmonary resuscitation), and/or death in populations
with mood disorders vs without mood disorders of any age,
sex, and nationality. Inclusion criteria were established be-
fore article review and were as follows: (1) a diagnosis of de-
pression or bipolar disorder using standardized diagnostic cri-
teria (eg, DSM-5 or International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision [ICD-
10]); (2) mood disorder diagnosis documented before COVID-19
event or present as of the index date (ie, comorbid); (3)
COVID-19 ascertained according to laboratory testing, ICD-
10, electronic health record (EHR), and/or clinical judgment;
(4) available complete quantitative data relevant to at least 1
primary outcome (Table 1); (5) discrete outcome data for mood
disorders; (6) primary research; and (7) presentation as a full-
text article (which included preprints). Exclusion criteria were
as follows: (1) mood disorders that were self-reported or oth-
erwise did not follow standardized diagnostic criteria; (2) mood
disorder outcomes grouped with those for other mental ill-
nesses; (3) unpublished study or abstract; (4) and nonpri-
mary research.

Assessment of Bias and Methodological Quality
Methodological quality and risk of bias were assessed using the
Newcastle-Ottawa Scale (NOS),20 modified for applicable ret-
rospective cohort and case-control studies using patient EHR
data (eAppendix 2 in the Supplement). Each included study
was independently rated by 2 reviewers (F.C. and D.N.) and re-
sults were corroborated, with discrepancies resolved through

Key Points
Question Are preexisting mood disorders associated with higher
risk of COVID-19 infection, hospitalization, severe complications,
and death?

Findings In this systematic review and meta-analysis of more than
91 million people, individuals with preexisting mood disorders,
compared with those without mood disorders, had significantly
higher pooled odds ratios for COVID-19 hospitalization and death.
There were no associations between preexisting mood disorders
and risk of COVID-19 infection or severe events.

Meaning These results suggest that individuals with mood
disorders should be categorized as an at-risk group for COVID-19
hospitalization and death, providing basis for vaccine
prioritization.
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discussion. Studies ranking 7 to 9 stars on the case-control NOS
or 6 to 7 stars on the cohort NOS were deemed high quality,
those ranking 5 to 6 (case-control) or 5 (cohort) stars were mod-
erate, and 4 or fewer stars were low quality.

Data Extraction
Data from included articles were independently extracted by
2 reviewers (F.C. and D.N.) using a pilot-tested data extrac-
tion form and then corroborated, with discrepancies re-
solved through discussion. Information to be extracted was es-
tablished a priori and included study characteristics, participant
characteristics and subgroups, sample source and collection
period, modes of ascertainment, methods of data analysis, se-
lection of cases and controls, and quantitative data pertain-
ing to any primary outcomes along with adjusted factors.

Statistical Analysis
Odds ratios (ORs) with 95% CIs and/or summary data for
COVID-19 test positivity, hospitalizations, severe events, and/or
death in corresponding study populations with and without
preexisting mood disorders were extracted. Where available,
adjusted ORs (aORs) were preferentially used to reduce con-
founding, as recommended by the Cochrane Handbook.21 When
relevant studies did not report an applicable OR, unadjusted
ORs were calculated from summary data and combined with
reported aORs. The meta-analyses included 21 studies; aORs
were derived from 11 studies,22-32 crude summary data from
6 studies,33-38 and both measures from 4 studies.39-42 Au-
thors of potentially eligible studies were contacted and asked
to provide clarification and/or supplementary data where nec-
essary; 4 study authors provided eligible summary data34-36

and 1 provided aORs.42 Among multiple statistical models
within 1 study, the aOR most similar to that adjusted for age,
sex, and comorbidities was used because these were the most
common corrections and represent established COVID-19 risk
factors. When aORs were reported only for subgroups, com-
posite values for the aggregate research populations were cal-
culated. Recent diagnoses of mood disorders were preferred
over lifetime diagnoses if both were reported.

Pooled ORs with 95% CIs and prediction intervals (PIs) rep-
resenting the range of values expected to contain a future ob-
servation have been provided (except for analyses in which all

studies shared a common effect size), and forest plots were gen-
erated for 4 prespecified COVID-19 events: (1) susceptibility,
(2) hospitalization, (3) severe events, and (4) deaths (Table 1).
An α level of .05 was chosen to indicate statistical signifi-
cance. The comparative groups were individuals with preex-
isting mood disorders (ie, exposure) vs those without mood
disorders as of the index date. Study participants who expe-
rienced more than 1 COVID-19 outcome were not censored from
precursory event counts. Summary data that encompassed
varying intrasample follow-up times31,36 (ie, where hazards ra-
tios would be appropriate) were not used to calculate unad-
justed ORs owing to high daily COVID-19 event rates. Mea-
sures that pertain to specific mood disorders (assessed
independently) were combined with those for mood disorder
subgroups and all mood disorders grouped. When measures
for overlapping categories were available (eg, major depres-
sive disorder and depression), the data that would encom-
pass a greater range of exposures were used.

Observational studies are susceptible to interstudy differ-
ences in exposure and participants, justifying the use of the
random-effects model of DerSimonian and Laird, which as-
sumes varying effect sizes that arise from heterogeneity.43 Fur-
thermore, heterogeneity was evaluated using the I2 statistic,
where a 30% cutoff denotes moderate heterogeneity, 50% de-
notes substantial heterogeneity, and 75% denotes consider-
able heterogeneity, as recommended by GRADE (grading of rec-
ommendations, assessment, development and evaluation)
criteria and the Cochrane Handbook’s interpretation of hetero-
geneity scores.44,45 Exploratory post hoc sensitivity analyses
were undertaken for subgroups of studies to ascertain the im-
pact of moderator variables, and a meta-regression was per-
formed to investigate heterogeneity.

To consider the impact of possible data duplication caused
by identical sample source, sensitivity analyses retaining the
study with the largest sample size derived from each dupli-
cate database were conducted. The Egger regression inter-
cept test and visual inspection of funnel plots for each COVID-19
event, as well as for all component data (including some over-
lap if 1 study reported multiple types of COVID-19 events as
defined in Table 1), was performed to assess publication bias.
All statistical analyses were conducted using Comprehensive
Meta-Analysis, version 3.0 (BioStat Inc). A narrative synthe-

Table 1. Definition of Study Variables

COVID-19 event
(primary
outcome) Definition Cases (ie, event) Controls (ie, nonevent)a

Susceptibility COVID-19 test positivity as ascertained by
laboratory testing, ICD-10, EHR, and/or
clinical judgment

COVID-19 positive COVID-19 negative or
untested (assumed
negative)

Hospitalization Inpatient admission for COVID-19 Inpatient COVID-19
positive

COVID-19 positive or
untested; not inpatient

Severe events Any or a combination of the following
COVID-19–related events indicating severe
disease progression: ICU admission,
mechanical ventilatory support, oxygen
therapy, ECMO, ARDS, and/or
cardiopulmonary resuscitation

COVID-19 positive and
experiencing severe
event(s)

COVID-19 positive or
untested; not
experiencing the
corresponding severe
event(s)

Death COVID-19–related death or discharge to
hospice or all-cause death after COVID-19
hospitalization; within a specified
follow-up period

COVID-19 positive and
death (including
in-hospital)

COVID-19 positive or
entire cohort (tested
and untested); no death

Abbreviations: ARDS, acute
respiratory distress syndrome;
ECMO, extracorporeal membrane
oxygenation; EHR, electronic health
record; ICD-10, International
Statistical Classification of Diseases
and Related Health Problems, Tenth
Revision; ICU, intensive care unit.
a When unadjusted odds ratio were

calculated, the first of the 2 options
listed were selected as the control
groups.
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sis was included for relevant results excluded from the
meta-analyses.31,36

Results
Search Results and Study Characteristics
The literature search yielded 1950 articles of which 59 were
eligible after screening titles and abstracts and removing du-
plicates. Of these eligible studies, 38 were further excluded af-
ter full-text screening. Details of study selection are provided
in Figure 1. Twenty-one studies were included in the review:
8 retrospective case-control studies22-24,27,28,38,41 (including 1
phenome-wide association study42), 12 retrospective cohort
studies,25,26,29-32,34-37,39,40 and 1 exposure-crossover study.33

All studies contributed to at least 1 meta-analysis. Twelve stud-
ies analyzed data from the US,22-25,31,33,34,38-42 2 from South
Korea,26,27 2 from Spain,29,30 and 1 each from Italy,28 Turkey,37

the UK,35 England,32 and Israel.36 Sample sizes ranged from 398
to 69.8 million, and data acquisition periods spanned from De-
cember 1, 2019, to September 30, 2020. Table 2 provides de-
tailed characteristics and summaries of applicable findings for
all component studies.

Risk of Bias
Methodological quality of the included studies was moderate
to high, evidenced by a mean score of 6.7 of 9 for case-control
studies and 5.7 of 7 for cohort studies. The NOS rankings within
each category for individual studies organized by design are
provided in eTable 1 in the Supplement.

Synthesis of Results
Meta-analyses of the 4 primary outcomes revealed signifi-
cantly higher odds of COVID-19 hospitalization and death
among individuals with preexisting mood disorders com-
pared with those without mood disorders. No significant
associations between COVID-19 susceptibility or severe
events were observed. Visual inspection of the composite
funnel plot for asymmetry indicated the presence of publi-
cation bias. However, the Egger regression intercept test
result was not statistically significant (eFigure 1 in the
Supplement).

COVID-19 Susceptibility
There was no association between COVID-19 susceptibility and
preexisting mood disorders (OR, 1.27; 95% CI, 0.73-2.19;
P = .40; PI, 0.11-14.23; n = 65 514 469) (Figure 2A). Further-
more, no sensitivity analyses produced any statistically sig-
nificant associations (Table 3), with the exception of the analy-
sis restricted to moderate- to low-quality studies (OR, 2.16; 95%
CI, 1.28-3.66; P = .004) (Table 3).

COVID-19 Hospitalization
The odds of COVID-19 hospitalization were significantly greater
for individuals with preexisting mood disorders when com-
pared with those without mood disorders (OR, 1.31; 95% CI,
1.12-1.53; P = .001; PI, 0.78-2.20; n = 26 554 397) (Figure 2B).
All sensitivity analyses produced statistically significant higher
odds of COVID-19 hospitalization (Table 3), with the excep-
tion of the analysis restricted to case-control studies (OR, 1.16;
95% CI, 0.95-1.43; P = .15) (Table 3).

Figure 1. Study Selection Flowchart

1920 Records identified through database searching
1122 PubMed
343 OVID (MEDLINE, Embase, PsycInfo)
237 Web of Science
218 The Cochrane Library

30 Additional records identified through other sources

1950 Records screened

59 Full-text articles assessed for eligibility

21 Studies included in qualitative synthesis

21 Studies included in quantitative synthesis
(meta-analysis)

1891 Records excluded on the basis of title and
abstract and duplicates removed

38 Full-text articles excluded, with reasons
16 Did not contain relevant and/or complete

data for any specified outcome measures
8 Did not contain discrete data for mood disorders
8 Did not use a valid mode of ascertainment for

mood disorder or only included mood disorder
symptoms

3 Mood disorder not diagnosed before COVID-19
event

3 Were not primary research
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COVID-19 Severe Events
There was no association between COVID-19 severe events
and preexisting mood disorders (OR, 0.94; 95% CI, 0.87-
1.03; P = .19; n = 83 240) (Figure 2C). Furthermore, sensitiv-
ity analyses restricted to depression, comparing unadjusted
vs aORs, based on study design or quality, and excluding
possible data duplication did not find any associations
(Table 3).

COVID-19–Related Death
The odds of COVID-19–related death were significantly
greater for individuals with preexisting mood disorders
when compared with those without mood disorders
(OR, 1.51; 95% CI, 1.34-1.69; P < .001; PI, 1.09-2.07;
n = 25 808 660) (Figure 2D). Compared with the foregoing
OR, the summary effect size was greater when the meta-
analysis was restricted to aORs (OR, 1.57; 95% CI, 1.26-1.95;

P < .001) (Table 3) and markedly so when restricting analy-
sis to high-quality studies (OR, 1.80; 95% CI, 1.30-2.51;
P < .001) (Table 3). Furthermore, the effect size modestly
increased when the exposure was restricted to depression
(OR, 1.55; 95% CI, 1.34-1.79; P < .001) and did not markedly
change depending on study design (Table 3).

Heterogeneity
The meta-analysis for COVID-19 hospitalization exhibited con-
siderable heterogeneity (I2 = 98.5%). The meta-analysis for
COVID-19–related death exhibited substantial heterogeneity
(I2 = 67.2%). Meta-regression results are provided in eTable 2
in the Supplement.

Publication Bias
Visual inspection of funnel plot asymmetry for the
COVID-19 hospitalization meta-analysis indicated the pres-

Figure 2. Pooled Odds Ratios for COVID-19 Susceptibility, Hospitalization, Severe Events,
and Death in Individuals With vs Without Preexisting Mood Disorders
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Yanover et al,36 2020
Yang et al,32 2020

0.85 (0.78-0.93)
1.62 (1.40-1.87)

Total 1.27 (0.73-2.19)

P value

.80

.06
<.001

.24
<.001
.11
.01

<.001
<.001

.02

.01
<.001
.31

<.001
<.001
.40

COVID-19 susceptibilityA

5210.50.2 10
Odds ratio (95% CI)

0.1

Study name

Azar et al,39 2020

Salvatore et al,42 2021

Douville et al,38 2020
Jeon et al,26 2021
Ji et al,27 2020
Murk et al,33 2021
Rodriguez-Molinero et al,30 2020

Total

Odds ratio
(95% CI)

0.96 (0.62-1.48)

1.09 (0.67-1.77)
1.24 (0.58-2.68)

0.71 (0.32-1.58)
1.04 (0.81-1.33)
0.92 (0.84-1.02)
0.96 (0.56-1.65)

0.94 (0.87-1.03)

P value

.84

.74

.58

.40

.79

.11

.88

.19

COVID-19 severe eventsC

5210.5 10
Odds ratio (95% CI)

0.1 0.2

Study name

Azar et al,39 2020

Orlando et al,28 2021

Douville et al,38 2020
Izurieta et al,25 2020
Jeon et al,26 2021
Kundi et al,37 2020
Nemani et al,40 2021

Total

Poblador-Plou et al,29 2020
Rodriguez-Molinero et al,30 2020
Salvatore et al,42 2021
Wang et al,41 2021
Yang et al,32 2020

Odds ratio
(95% CI)

1.21 (0.83-1.77)

1.71 (0.87-3.37)
2.64 (1.14-6.11)

1.32 (1.26-1.38)
2.33 (0.96-5.66)
1.30 (1.19-1.42)
1.27 (0.94-1.72)

1.51 (1.34-1.69)

1.43 (1.16-1.76)
1.93 (1.04-3.59)
1.67 (0.65-4.29)
1.56 (1.28-1.91)
2.68 (2.03-3.54)

P value

.33

.12

.02

<.001
.06
<.001
.13

<.001
<.001

.001

.04

.29
<.001

COVID-19 deathD

0.1 5210.5 10
Odds ratio (95% CI)

0.2

Study name

Azar et al,39 2020

Yang et al,32 2020

Chang et al,23 2021
Izurieta et al,25 2020
Murk et al,33 2021
Salvatore et al,42 2021
Wang et al,41 2021

Total

Odds ratio
(95% CI)

1.70 (1.41-2.06)

1.07 (1.06-1.08)
1.18 (0.57-2.43)

1.26 (1.22-1.30)
1.56 (1.49-1.62)
1.01 (0.73-1.38)
1.39 (1.23-1.57)

1.31 (1.12-1.53)

P value

<.001

<.001
.65

<.001
<.001
.98
<.001

.001

COVID-19 hospitalizationB

A, There was no association between COVID-19 susceptibility and preexisting
mood disorders (n = 65 514 469). B, The odds of COVID-19 hospitalization were
significantly greater for individuals with preexisting mood disorders when
compared with those without mood disorders (n = 26 554 397). C, There was
no association between COVID-19 severe events or preexisting mood disorders
(n = 83 240). D, The odds of COVID-19-related death were significantly greater

for individuals with preexisting mood disorders when compared with those
without mood disorders (n = 25 808 660). Squares represent effect sizes of
individual studies, lines indicate the 95% CIs, and the diamond represents the
summary effect size (ie, statistical combination of the effect sizes of component
studies via the random-effects model).
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ence of publication bias, and the Egger regression intercept
test was statistically significant (eFigure 2 in the Supple-
ment). Likewise, visual inspection of funnel plot asymmetry
for the COVID-19–related death meta-analysis indicated the
presence of publication bias, and the Egger regression inter-
cept test result was statistically significant (eFigure 3 in the

Supplement). Although the Egger regression intercept test
result was not statistically significant (eFigure 1 in the
Supplement), visual inspection of the composite funnel plot
(ie, for all data sets included in the review, including both
aORs and unadjusted ORs) indicated the presence of publi-
cation bias.

Table 3. Random-Effects Sensitivity Analyses by Study Subgroup

Moderatora No. of Studies OR (95% CI) P value Heterogeneity (I2)b

COVID-19 susceptibility

Exposure: depression 9 1.23 (0.49-3.09) .66 99.8

ORs

Adjusted 9 1.50 (0.75-2.99) .25 99.8

Unadjusted 5 0.91 (0.58-1.41) .66 100

Study design

Case-control studies 6 1.66 (0.75-3.67) .21 99.8

Cohort studies 8 1.00 (0.72-1.38) >.99 98.5

No duplicate databasesc 12 1.36 (0.76-2.43) .31 99.9

NOS rating

High 10 0.98 (0.75-1.28) .90 98.4

Moderate/low 4 2.16 (1.28-3.66) .004 99.4

COVID-19 hospitalization

Exposure: depression 5 1.30 (1.13-1.48) <.001 96.9

ORs

Adjusted 4 1.27 (1.09-1.47) .002 97.4

Unadjusted 3 1.38 (1.17-1.63) <.001 79.8

Study design

Case-control studies 3 1.16 (0.95-1.42) .15 88.1

Cohort studies 3 1.41 (1.09-1.82) .008 78.4

NOS rating

High 5 1.30 (1.00-1.69) .05 98.7

Moderate/low 2 1.30 (1.19-1.41) <.001 53.3

COVID-19 severe events

Exposure: depression 3 1.06 (0.77-1.48) .71 …

ORs

Adjusted 3 0.99 (0.80-1.24) .96 …

Unadjusted 4 0.93 (0.85-1.03) .16 …

Study design

Case-control studies 3 1.03 (0.84-1.25) .80 …

Cohort studies 3 0.95 (0.65-1.41) .81 …

No duplicate databasesc 6 0.93 (0.85-1.02) .13 …

NOS rating

High 6 0.94 (0.86-1.03) .16 …

Moderate/low 1 1.09 (0.67-1.77) .74 …

COVID-19–related death

Exposure: depression 8 1.55 (1.34-1.79) <.001 77.7

ORs

Adjusted 7 1.57 (1.26-1.95) <.001 78.4

Unadjusted 5 1.44 (1.23-1.68) <.001 29.5

Study design

Case-control studies 4 1.50 (1.26-1.77) <.001 …

Cohort studies 8 1.53 (1.33-1.77) <.001 77.0

NOS rating

High 7 1.80 (1.30-2.51) <.001 67.1

Moderate/low 5 1.33 (1.28-1.38) <.001 …

Abbreviations: aOR, adjusted odds
ratio (adjusted by authors of included
studies for variable combinations of
factors, such as age, sex, and
comorbidities); NOS,
Newcastle-Ottawa Scale; OR,
odds ratio.
a Variable that the analysis is

restricted to (ie, analysis only
includes studies that exhibit the
specific characteristic or report the
specified outcome).

b Heterogeneity values that were not
statistically significant (P > .05) and
reported by the statistical software
as 0 are represented by ellipses.

c If multiple studies derived data from
the same database, only the study
with the largest analyzed sample
size from each duplicate database
was retained in the no duplicate
databases subgroup analysis to
eliminate the possibility of data
overlap, regardless of data
acquisition period.
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Excluded Results
Relevant results from Tang et al31 could not be incorporated
into the COVID-19 hospitalization meta-analysis because of
variant intrastudy follow-up times; however, this study simi-
larly established a higher subhazard ratio of 1.33 (95% CI, 1.01-
1.75; P < .05) of COVID-19 hospitalization for skilled nursing
facility residents with preexisting mood disorders vs those
without mood disorders. Relevant results from Yanover et al36

could not be incorporated into the COVID-19 severe events
meta-analysis because of variant intrastudy follow-up times;
however, there was no association between preexisting de-
pression and COVID-19 complications (including death) (aOR,
1.58; 95% CI, 0.70-3.70). Finally, relevant results from Tang
et al31 could not be included in the COVID-19–related death
meta-analysis because of variant intrastudy follow-up times;
however, the reported result was not statistically significant
(hazard ratio, 1.08; 95% CI, 0.77-1.50) for COVID-19–related
death.

Discussion
This systematic review and meta-analysis identified higher
odds of COVID-19 hospitalization and death in individuals with
preexisting mood disorders compared with individuals with-
out mood disorders. However, no significant associations be-
tween COVID-19 susceptibility and severe events were iden-
tified. The foregoing results are in accordance with a recent
meta-analysis that examined all grouped psychiatric ill-
nesses by Toubasi et al,16 which reported a higher risk of
COVID-19 death, although the current meta-analysis does not
similarly report a higher risk of severe events.

There are multiple pathways by which persons with mood
disorders may be at greater risk for COVID-19 hospitalization
and death. Social determinants, including economic insecu-
rity, insufficient access to primary preventive health care, and
lower health literacy, may portend COVID-19 risk.46,47 For ex-
ample, many individuals with mood disorders reside in con-
gregate facilities, such as psychiatric inpatient units, home-
less shelters, community housing, and prisons, where risk of
COVID-19 transmission is increased because of the inability to
effectively socially distance and/or quarantine.48,49 More-
over, symptoms of mood disorders, including disinhibition,
apathy, avolition, and cognitive deficits, may presage noncon-
cordance with healthy behaviors and possibly public health di-
rectives. However, some of the possible mediators discussed
may act as confounders; hence, causal inferences with re-
spect to social determinants of health, mood disorders, and
COVID-19 outcomes cannot be established.

Furthermore, cigarette smoking50,51 and substance use
disorders,52 established risk factors for COVID-19 infection and
complications, are significantly more prevalent among indi-
viduals with mood disorders. In addition, persons with mood
disorders are differentially affected by noncommunicable dis-
eases that are established risk factors for COVID-19 (eg, obe-
sity and cardiovascular disease8,9) as well as behaviors (eg, sleep
dysregulation and habitual inactivity) that may presage
COVID-19 risk.53

Disturbance in immune regulation is also a well-
documented abnormality in subpopulations of persons with
mood disorders.6,7 For example, it has been reported that sub-
sets of populations with mood disorders exhibit increases in
central and peripheral levels of acute-phase proteins, such as
C-reactive peptide, and proinflammatory cytokines, such as
interleukin 6 and tumor necrosis factor α.6,54-57 The inflam-
matory signature of mood disorders overlaps with clinical
reports57,58 of increased cytokine activity in persons affected
with severe COVID-19. It is hypothesized that the cytokine dis-
turbance intrinsic to mood disorders may be exacerbated in
situations of COVID-19 infection, increasing the risk of death
and complications from COVID-19.

Pharmacotherapy prescribed to individuals with mood dis-
orders exerts disparate effects on the immune inflammatory
system. Benzodiazepines and select atypical antipsychotics
have been associated with a higher risk of pneumonia and/or
COVID-19.59-62 Interpretation of this finding is, however, com-
plicated by confounding by indication as well as by other lines
of research reporting that some antipsychotics exert anti-
inflammatory effects.63 Moreover, lithium exerts substantial
immune-modulating and anti-inflammatory effects,64 and val-
proate has been associated with a lower risk of respiratory
infections.65 Preliminary results from controlled and obser-
vational studies66-70 also suggest that conventional antide-
pressants provide protective effects against COVID-19 com-
plications. The foregoing finding would be in accordance with
preclinical work documenting anti-inflammatory and/or anti–
SARS-CoV-2 replication effects of select selective serotonin
reuptake inhibitors.71,72

It warrants consideration that the risk of being infected and
possibly experiencing complications from COVID-19 in adults
with mood disorders may have overlapping but different de-
terminants. For example, individuals with mood disorders re-
port higher rates of social isolation, unemployment, and re-
duced interpersonal contact, which would be hypothesized to
decrease their risk of COVID-19 exposure and/or complica-
tions. In addition, individuals with mood disorders are also
more likely to have insufficient access to primary preventive
health care, live in congregate settings, and engage in behav-
iors (eg, smoking cigarettes) that would place them at higher
risk of contracting COVID-19 and experiencing complica-
tions, as previously discussed.

Moreover, it is counterintuitive that the OR for the inter-
mediary of COVID-19 severe events was not statistically sig-
nificant, whereas the ORs for hospitalization and death were
statistically significant. Possible explanations for this finding
include interstudy variation in how severe events were de-
fined (Table 1), differences across studies in event reporting
and coding, and heterogeneity in statistical approaches. Fur-
thermore, the COVID-19 severe events analysis included a rela-
tively small sample size.

The calculated OR for COVID-19–related death is compa-
rable to reported unadjusted ORs and aORs for other preex-
isting conditions that are risk factors for COVID-19 (eg,
diabetes,73,74 liver disease74 cancer,75 and obesity4,76). Nota-
bly, the higher COVID-19 risk in individuals with mood disor-
ders cannot be fully accounted for by medical comorbidity.
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Limitations
This study has limitations. There are several methodological
aspects that may affect inferences and interpretations of the
results. The pathways highlighted are not definitive and
thus may not adequately address associations among the
primary outcomes. First, component studies were observa-
tional, and therefore causal relationships cannot be
inferred. Second, data missing because of factors such as
publication bias and the possibility of grouping of mood dis-
orders with other mental disorders could confound inter-
pretation. Third, the lack of distinction in multiple studies
as to whether an individual with a mood disorder had major
depressive disorder or bipolar disorder is also a substantial
limitation insofar as there are differences between the 2
conditions in their overall risk of medical comorbidity.77

Fourth, it was not possible to quantify the extent of unex-
plained heterogeneity or assess the causes of the substantial
to considerable heterogeneity among studies included in
our random-effects meta-analytic model. We recognize that
high heterogeneity in meta-analytic studies may belie study
findings. Fifth, it is not certain whether, in some cases, the
dependent measures (eg, hospitalization) were confounded
by other factors (eg, health care systems, staffing, local
standard operating procedures, policies regarding hospital-
ization and testing, and attribution of cause of death),78 and
a quantitative characterization of the influence of mediators
(eg, comorbidities) was not possible because sufficient
information was not provided by the included studies.
Sixth, many component studies had insufficient character-
ization of patient sociodemographic characteristics, as well
as clinical, psychiatric, comorbidity, and smoking histories,
which may have confounded or limited results. Seventh,
there is a possibility that the component studies may have
misdiagnosed patients or misentered patient information
into administrative data records, which is an inherent limi-
tation of observational data and administrative data sets. In
addition, there was variability in how controls were defined
(Table 1); notably, this study included individuals ascer-
tained as not having COVID-19 who may not have had a
laboratory confirmation. Furthermore, the Egger regression
test is suboptimal toward the characterization of publica-

tion bias in analyses that involve ORs.79 An additional meth-
odological aspect that may affect interpretation of our find-
ings relates to our inability to fully characterize the
temporality of events. For example, it is possible that, in
some cases, COVID-19 was not a subsequent event in an
individual with a previously declared mood disorder.
Instead, in some cases COVID-19 may have been an anteced-
ent to the onset of mood disorders because it is well estab-
lished that COVID-19 infection results in a significant
increase in a variety of neuropsychiatric disorders.12 More-
over, some of the included studies were preprints (Table 2)
and thus not yet peer reviewed. In addition, the possibility
that some studies included overlapping samples cannot be
excluded. Notwithstanding, results from the sensitivity
analyses, wherein studies that may have had overlapping
samples were excluded, were consistent with the overall
findings (Table 3). Most of the included studies were con-
ducted within the first 6 to 9 months of the pandemic,
which possibly oversampled persons with symptomatic
COVID-19 because of prioritized testing and thus may
underestimate the associations between mood disorders
and COVID-19 complications. Selective COVID-19 testing
and a lack of adjudication in databases or accuracy of the
original clinical diagnoses were not accounted for by either
of the modified NOSs.

Conclusions
In this systematic review and meta-analysis examining the as-
sociation between preexisting mood disorders and COVID-19
outcomes, results of analyses of more than 91 million people
indicated that individuals with preexisting mood disorders are
at a higher risk of COVID-19 hospitalization and death. These
results suggest that individuals with mood disorders, like per-
sons with other preexisting conditions (eg, obesity), should be
categorized as an at-risk group on the basis of a preexisting con-
dition. Future research should address whether COVID-19 vac-
cinations exhibit differential efficacy in persons with mood dis-
orders and whether COVID-19 infection affects the longitudinal
trajectory of the underlying mental disorder.80,81
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