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ABSTRACT
Background: Although psychiatric disorders have been associated with reduced immune responses to other vaccines, it re-
mains unknown whether they influence COVID-19 vaccine effectiveness (VE). This study evaluated risk of COVID-19 hospital-
ization and estimated mRNA VE stratified by psychiatric disorder status.
Methods: In a retrospective cohort analysis of the VISION Network in four US states, the rate of laboratory-confirmed COVID-
19-associated hospitalization between December 2021 and August 2022 was compared across psychiatric diagnoses and by mon-
ovalent mRNA COVID-19 vaccination status using Cox proportional hazards regression.
Results: Among 2,436,999 adults, 22.1% had ≥1 psychiatric disorder. The incidence of COVID-19-associated hospitalization 
was higher among patients with any versus no psychiatric disorder (394 vs. 156 per 100,000 person-years, p < 0.001). Any psy-
chiatric disorder (adjusted hazard ratio [aHR], 1.27; 95% CI, 1.18–1.37) and mood (aHR, 1.25; 95% CI, 1.15–1.36), anxiety (aHR, 
1.33, 95% CI, 1.22–1.45), and psychotic (aHR, 1.41; 95% CI, 1.14–1.74) disorders were each significant independent predictors of 
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hospitalization. Among patients with any psychiatric disorder, aHRs for the association between vaccination and hospitalization 
were 0.35 (95% CI, 0.25–0.49) after a recent second dose, 0.08 (95% CI, 0.06–0.11) after a recent third dose, and 0.33 (95% CI, 
0.17–0.66) after a recent fourth dose, compared to unvaccinated patients. Corresponding VE estimates were 65%, 92%, and 67%, 
respectively, and were similar among patients with no psychiatric disorder (68%, 92%, and 79%).
Conclusion: Psychiatric disorders were associated with increased risk of COVID-19-associated hospitalization. However, 
mRNA vaccination provided similar protection regardless of psychiatric disorder status, highlighting its benefit for individuals 
with psychiatric disorders.

1   |   Introduction

Largely prior to the availability of COVID-19 vaccines, psychiat-
ric disorders and especially severe psychiatric disorders such as 
bipolar and psychotic disorders have been identified as risk fac-
tors for severe COVID-19, COVID-19-associated hospitalization, 
and mortality [1–5]. Possible reasons include impaired immune 
function, chronic inflammation, comorbid medical conditions, 
behavioral risk factors (e.g., smoking, substance abuse), and bar-
riers to accessing healthcare services [6–10].

Little is known regarding risk of COVID-19 and associated out-
comes among persons with psychiatric disorders who are vac-
cinated. In a US study conducted before Omicron (B.1.1.529) 
variant predominance, numerous psychiatric disorder diagno-
ses were associated with increased risk of SARS-CoV-2 infection 
among adults vaccinated with a COVID-19 primary series [11]. 
Another study conducted in Taiwan during Omicron predomi-
nance identified psychiatric diagnoses and being unvaccinated 
as risk factors for COVID-19 hospitalization but did not evalu-
ate the effects of booster doses [8]. The extent to which this in-
creased risk persists during Omicron variant predominance and 
after receipt of booster dose(s) remains unknown.

Further, although previous research has demonstrated that 
psychiatric symptoms (e.g., depressive symptoms, stress) can 
contribute to a reduced immune response to other vaccines in-
cluding influenza, measles, hepatitis B, and varicella zoster vac-
cines [12, 13], little is known about whether psychiatric disorders 
influence COVID-19 vaccine effectiveness (VE). In one study, 
depression was associated with lower antibody positivity after 
a primary vaccine series [14]. Data are lacking from real-world 
studies on COVID-19 VE in persons with psychiatric disorders.

In this study among adults during a period of Omicron variant 
predominance, our objectives were to (1) estimate the asso-
ciation between psychiatric disorders and risk of COVID-19-
associated hospitalization overall and by COVID-19 vaccination 
status, age group, and type of psychiatric disorder and (2) esti-
mate and compare VE of two, three, and four mRNA vaccine 
doses against COVID-19-associated hospitalization among per-
sons with and without psychiatric disorders.

2   |   Methods

2.1   |   Design and Setting

Longitudinal data from electronic health records (EHRs) were 
collected from four health systems and research centers in 
Indiana, Oregon, Texas, and Utah that partner with the US 
Centers for Disease Control and Prevention (CDC) and Westat® 

as part of the VISION Network [15, 16]. Reflecting a retrospec-
tive cohort study design, partners established inclusion criteria 
based on health insurance membership, medical utilization, and 
other criteria to ensure complete data on medical encounters, 
SARS-CoV-2 laboratory testing, and COVID-19 vaccination for 
eligible patients (aged ≥18 years) (eTable  1 in the Supporting 
Information section). To maximize the likelihood that cohort 
participants were active patients with diagnoses available, all 
network partners required, at a minimum, that patients have ≥1 
International Classification of Diseases (ICD) code (any) from 
a medical encounter during a 1-year historical period between 
August 26, 2020, and August 25, 2021. Patients were excluded 
from this analysis if they had ≥1 ICD code for an immunocom-
promising condition [17].

Patients contributed follow-up time from December 16 to 26, 
2021 (i.e., the date when the SARS-CoV-2 Omicron variant first 
accounted for ≥50% of sequenced specimens in each network 
partner's state) [18], through August 30, 2022 (i.e., day before the 
US Food and Drug Administration authorized COVID-19 biva-
lent vaccine boosters in adults) [19]. Patients were followed until 
COVID-19-associated hospitalization or a censoring event: an 
exclusionary COVID-19 vaccine dose, departure from the health 
network, death, or August 30, 2022, whichever was earliest. 
Exclusionary doses included non-mRNA vaccine doses, third or 
fourth mRNA doses before they were recommended, or doses 
with shorter intervals than recommended (i.e., <5 months be-
tween second and third or <4 months between third and fourth). 
Such doses resulted in either exclusion or censoring (upon re-
ceipt) depending on whether they occurred before (exclusion) 
or during (censoring) the follow-up period. Among adults not 
moderately or severely immunocompromised, only those aged 
≥50 years were eligible to receive a fourth dose during the study 
period, starting on March 29, 2022. Patients with known prior 
SARS-CoV-2 infection were not excluded, and any infection 
was not considered a censoring event because infection history 
was under-ascertained, and this analysis focused on hospital-
ized cases as a severe outcome, including those resulting from 
reinfection.

2.2   |   COVID-19-Associated Hospitalization

The outcome was incident laboratory-confirmed COVID-19-
associated hospitalization, defined as a hospitalization with ≥1 
COVID-19-like illness discharge diagnosis and a positive mo-
lecular or antigen SARS-CoV-2 test result documented in EHRs 
within 14 days before through <72 h after admission. COVID-
19-like illness diagnoses included ICD codes for acute respira-
tory illness (e.g., respiratory failure, pneumonia) and related 
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signs or symptoms (e.g., cough, fever, dyspnea) (eTable 2 in the 
Supporting Information section).

2.3   |   Psychiatric Disorders

Psychiatric disorders were defined using ICD codes documented 
at least once in inpatient or outpatient clinical settings during a 
historical lookback period. To maximize validity of diagnosis-
based measures, the lookback duration was a minimum of 1 year, 
with the specific duration determined by each partner based on 
their knowledge of their EHR-based data source (eTable 1 in the 
Supporting Information section). Disorders included mood, anx-
iety, trauma-/stressor-related, psychotic, somatoform, attention-
deficit hyperactivity, eating, personality, and dissociative or 
conversion disorders (eTable  3 in the Supporting Information 
section). Patients could have multiple disorder types. Each ICD 
code corresponded with only one disorder type. Patients with no 
ICD codes for psychiatric disorders were classified as not having 
a psychiatric disorder. Data on self-reported psychiatric symp-
toms or on psychiatric treatments were not available.

2.4   |   COVID-19 Vaccination Status

COVID-19 vaccination was ascertained through EHRs and 
linkages with state immunization information systems. Only 
mRNA vaccines (BNT162b2 [Pfizer-BioNTech] or mRNA-1273 
[Moderna]) were considered. Vaccination status was defined as a 
time-varying variable based on the number and timing of doses 
that had been received prior to each date. Patients were classi-
fied as unvaccinated (no COVID-19 vaccine doses), vaccinated 
with two doses (second dose 14–149 or ≥150 days earlier), vacci-
nated with three doses (third dose 7–119 or ≥120 days earlier), and 
among patients aged ≥50 years, vaccinated with four doses (fourth 
dose 7–59 or ≥60 days earlier) [16]. We excluded person-time with 
only one dose, the second dose 1–13 days earlier, or third or fourth 
dose 1–6 days earlier. Patients in one of those categories at the start 
of the period could enter the analytic cohort later if they became 
eligible based on a new vaccination status. Patients who received 
the Ad26.COV2.S (Janssen/Johnson & Johnson) vaccine were ex-
cluded because, among patients with a psychiatric disorder, the 
number of Ad26.COV2.S recipients was 4% the sample size of 
mRNA-only vaccine recipients, limiting ability to calculate pre-
cise estimates when stratifying by number and timing of doses.

2.5   |   Statistical Analysis

2.5.1   |   Descriptive Characteristics

Baseline characteristics were summarized among all patients 
and stratified by whether ≥1 psychiatric disorder was diagnosed 
using frequencies and proportions or medians and interquartile 
ranges (IQRs). We evaluated differences by psychiatric disorder 
status using standardized mean differences (SMDs).

2.5.2   |   Association Between Psychiatric Disorders 
and COVID-19-Associated Hospitalization

We calculated unadjusted incidence rates and plotted Kaplan–
Meier curves to compare risk of COVID-19-associated hospital-
ization between patients with any (vs. no) psychiatric disorder 

and by disorder type. Hazard ratios (HRs) and 95% confidence 
intervals (CIs) comparing time to hospitalization by psychiatric 
disorder status were calculated using multivariable Cox propor-
tional hazards regression with a calendar time scale. Models ad-
justed for potential confounders including site, age (smoothed 
using natural cubic splines with four knots), sex, race and ethnic-
ity (as documented in EHR), Medicaid coverage (proxy measure 
of socioeconomic status), time-varying COVID-19 vaccination 
status, ≥1 underlying respiratory condition diagnosis, ≥1 un-
derlying non-respiratory condition diagnosis (non-psychiatric), 
total number of known respiratory and non-respiratory under-
lying medical conditions (square-root transformed), and num-
ber of SARS-CoV-2 test records in the EHR before the study 
period (0, 1, 2–4, ≥5). Variance inflation factors for all covariates 
were confirmed to be <5. Analyses were stratified by age group 
(18–49, 50–64, and ≥65 years) and COVID-19 vaccination status. 
Interaction terms for age group or vaccination status with psy-
chiatric disorder were evaluated. P < 0.05 indicated statistical 
significance.

2.5.3   |   mRNA COVID-19 VE by Psychiatric 
Disorder Status

We similarly estimated the association between time-varying 
vaccination status and time to COVID-19-associated hospital-
ization using multivariable Cox proportional hazards regres-
sion. Patients with and without a psychiatric disorder were 
analyzed separately. Each two-dose, three-dose, and four-dose 
vaccinated group was compared with unvaccinated patients, 
with lower HRs suggesting more protection. We calculated VE 
against COVID-19-associated hospitalization as (1 − HR) × 100% 
for each comparison. Non-overlapping 95% CIs were considered 
statistically different. Analyses were further stratified by age 
group (18–64 and ≥65 years) and by psychiatric disorder type.

2.5.4   |   Case–Control Test-Negative Design

We conducted a secondary analysis among seven VISION 
Network partners in Colorado, Indiana, Minnesota, New York, 
Oregon, Texas, Utah, Washington, and Wisconsin (eTable  4 
in the Supporting Information section) to estimate VE against 
COVID-19-associated hospitalization using a test-negative de-
sign (eMethods in the Supporting Information section). This 
design complements the primary retrospective cohort design 
by minimizing biases associated with healthcare-seeking be-
haviors [20–22]. The analytic sample only included hospitalized 
patients with a COVID-19-like illness discharge diagnosis, and 
psychiatric disorders were defined using hospital discharge diag-
noses. Using multivariable logistic regression, the odds of prior 
receipt of two, three, and four vaccine doses (vs. unvaccinated 
status) were compared between SARS-CoV-2-positive cases and 
SARS-CoV-2-negative controls, stratified by psychiatric disorder 
status, with VE calculated as (1 − odds ratio [OR]) × 100%.

Analyses were performed using R software, Version 4.0.4, and 
SAS, Version 9.4. This study was reviewed and approved by in-
stitutional review boards (IRBs) at participating sites or under a 
reliance agreement with the IRB of Westat®. This activity was 
reviewed by CDC and was conducted consistent with applicable 
federal law and CDC policy (e.g., 45 CFR part 46.102(l) (2), 21 
CFR part 56; 42 USC §241(d); 5 USC §552a; 44 USC §3501). This 
study presented minimal risk to participants because there was 



4 of 13 Influenza and Other Respiratory Viruses, 2024

T
A

B
L

E
 1

    
|    

B
as

el
in

e 
de

m
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s o
f p

at
ie

nt
s i

n 
th

e 
V

IS
IO

N
 n

et
w

or
k 

co
ho

rt
.

Pa
ti

en
ts

, n
o.

 (%
)

SM
D

b

O
ve

ra
ll

 (N
 =

 2,
43

6,
99

9)
N

o 
ps

yc
h

ia
tr

ic
 d

is
or

de
r 

(n
 =

 1,
89

8,
96

5 
[7

7.
9%

])
A

ny
 p

sy
ch

ia
tr

ic
 d

is
or

de
ra  

(n
 =

 53
8,

03
4 

[2
2.

1%
])

Si
te

0.
11

Ba
yl

or
 S

co
tt 

&
 W

hi
te

 H
ea

lth
1,

24
0,

05
0 

(5
0.

9)
98

8,
74

5 
(5

2.
1)

25
1,

30
5 

(4
6.

7)
In

te
rm

ou
nt

ai
n 

H
ea

lth
ca

re
20

7,
91

9 
(8

.5
)

15
7,

03
6 

(8
.3

)
50

,8
83

 (9
.5

)
K

ai
se

r P
er

m
an

en
te

 N
or

th
w

es
t

19
8,

03
2 

(8
.1

)
14

6,
63

4 
(7

.7
)

51
,3

98
 (9

.6
)

R
eg

en
st

ri
ef

 In
st

itu
te

79
0,

99
8 

(3
2.

5)
60

6,
55

0 
(3

1.
9)

18
4,

44
8 

(3
4.

3)
A

ge
, m

ed
ia

n 
(I

Q
R)

, y
ea

rs
47

 (3
3–

62
)

48
 (3

3–
63

)
45

 (3
2–

61
)

0.
08

Se
x

0.
29

M
al

e
1,

01
5,

35
0 

(4
1.

7)
84

7,7
81

 (4
4.

6)
16

7,
56

9 
(3

1.
1)

Fe
m

al
e

1,
42

1,
27

7 
(5

8.
3)

1,
05

0,
88

0 
(5

5.
3)

37
0,

39
7 

(6
8.

8)
U

nk
no

w
n

37
2 

(0
.0

)
30

4 
(0

.0
)

68
 (0

.0
)

R
ac

e 
an

d 
et

hn
ic

ity
0.

25
A

si
an

, N
H

87
,1

01
 (3

.6
)

77
,9

68
 (4

.1
)

91
33

 (1
.7

)
Bl

ac
k,

 N
H

31
4,

61
3 

(1
2.

9)
25

7,
88

0 
(1

3.
6)

56
,7

33
 (1

0.
5)

H
is

pa
ni

c
29

2,
19

1 
(1

2.
0)

23
9,

01
6 

(1
2.

6)
53

,1
75

 (9
.9

)
W

hi
te

, N
H

1,
61

0,
70

3 
(6

6.
1)

1,
21

3,
00

9 
(6

3.
9)

39
7,

69
4 

(7
3.

9)
O

th
er

, N
H

c
57

,8
88

 (2
.4

)
47

,3
40

 (2
.5

)
10

,5
48

 (2
.0

)
U

nk
no

w
n

74
,5

03
 (3

.1
)

63
,7

52
 (3

.4
)

10
,7

51
 (2

.0
)

M
ed

ic
ai

d 
co

ve
ra

ge
0.

11
Ye

s
23

8,
24

5 
(9

.8
)

17
3,

45
8 

(9
.1

)
64

,7
87

 (1
2.

0)
N

o
2,

13
2,

28
2 

(8
7.

5)
1,

66
7,

40
8 

(8
7.

8)
46

4,
87

4 
(8

6.
4)

U
nk

no
w

n
66

,4
72

 (2
.7

)
58

,0
99

 (3
.1

)
83

73
 (1

.6
)

≥1
 re

sp
ir

at
or

y 
co

nd
iti

on
d

26
2,

12
3 

(1
0.

8)
15

9,
11

0 
(8

.4
)

10
3,

01
3 

(1
9.

1)
0.

32
≥1

 n
on

-r
es

pi
ra

to
ry

 c
on

di
tio

n 
(n

on
-p

sy
ch

ia
tr

ic
)e

1,
17

2,
64

2 
(4

8.
1)

82
9,

15
3 

(4
3.

7)
34

3,
48

9 
(6

3.
8)

0.
41

N
o.

 o
f m

ed
ic

al
 c

on
di

tio
ns

 (n
on

-p
sy

ch
ia

tr
ic

)f
0.

49
0

1,
21

8,
03

1 
(5

0.
0)

1,
03

8,
33

8 
(5

4.
7)

17
9,

69
3 

(3
3.

4)
1

44
6,

73
1 

(1
8.

3)
33

2,
05

4 
(1

7.
5)

11
4,

67
7 

(2
1.

3)
2

28
7,

27
1 

(1
1.

8)
20

4,
13

4 
(1

0.
7)

83
,1

37
 (1

5.
5)

3
20

0,
70

6 
(8

.2
)

14
1,

77
2 

(7
.5

)
58

,9
34

 (1
1.

0)
4

12
5,

96
6 

(5
.2

)
86

,9
30

 (4
.6

)
39

,0
36

 (7
.3

)
≥5

15
8,

29
4 

(6
.5

)
95

,7
37

 (5
.0

)
62

,5
57

 (1
1.

6)

(C
on

tin
ue

s)



5 of 13

no interaction or intervention with patients; therefore, a waiver 
of informed consent was granted.

3   |   Results

3.1   |   Patient Characteristics

Among 2,963,172 adults in the VISION Network cohort, 2,690,200 
(90.8%) did not have a known immunocompromising condi-
tion; of those, 2,436,999 (90.6%) were included (eFigure 1 in the 
Supporting Information section). The median age was 47 years 
(IQR, 33–62), 58.3% were female, 66.1% were White, 12.9% were 
Black, 12.0% were Hispanic, and 3.6% were Asian (Table 1). Half 
(50.0%) had either ≥1 underlying respiratory (10.8%) or non-
respiratory (48.1%) condition. At each patient's start date, 41.6% 
were unvaccinated, 35.7% had received two doses (median days 
since second dose, 234; IQR, 185–266), and 22.7% had received 
three doses (median days since third dose, 40; IQR, 19–61).

Twenty-two percent (538,034) had any psychiatric disorder, in-
cluding 332,513 (13.6%) with anxiety disorders, 313,617 (12.9%) 
with mood disorders, 75,586 (3.1%) with trauma-/stressor-related 
disorders, 45,839 (1.9%) with attention-deficit hyperactivity dis-
orders, 25,544 (1.0%) with psychotic disorders, and <1% with 
each other disorder type (Figure 1). Among patients with ≥1 dis-
order, 213,018 (39.6%) had ≥2 disorder types; the most common 
combinations were mood and anxiety (162,679; 30.2%), anxiety 
and trauma-/stressor-related (37,304; 6.9%), and mood and trau-
ma-/stressor-related (36,467; 6.8%) (data not shown). Psychiatric 
disorders were more common among females, non-Hispanic 
White patients, patients with underlying medical condition(s), 
and vaccinated patients (all SMD > 0.2) (Table 1).

3.2   |   Longitudinal Follow-Up

Among 30,564 total hospitalizations with COVID-19-like illness 
diagnoses during the study period, 19,812 (64.8%) had SARS-
CoV-2 test results available (data not shown). This proportion 
was similar between patients with (64.6%) and without (65.0%) 
psychiatric disorders and between vaccinated (64.9%) and un-
vaccinated (64.7%) patients.

Among 2,436,999 patients contributing 1,652,254 person-years, 
3437 had laboratory-confirmed COVID-19-associated hospi-
talization, corresponding to an overall incidence rate of 208 
per 100,000 person-years. The majority (3287; 95.6%) had pos-
itive molecular results, whereas 150 (4.4%) had positive antigen 
tests only.

3.3   |   Association Between Psychiatric Disorders 
and COVID-19-Associated Hospitalization

The average incidence of COVID-19-associated hospitalization 
over the course of the study period was higher among patients 
with any (394 per 100,000 person-years) versus no (156 per 
100,000 person-years) psychiatric disorder (unadjusted HR, 2.53; 
95% CI, 2.36–2.70) (Figures 1 and 2). The absolute difference in 
incidence by psychiatric disorder status was highest during the 
earlier BA.1 Omicron sublineage predominance period. Kaplan–
Meier curves for each psychiatric disorder type are provided in 
eFigures 2–21 in the Supporting Information section.
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In multivariable models, any (vs. no) psychiatric disorder was 
a significant predictor of COVID-19-associated hospitalization 
(adjusted HR, 1.27; 95% CI, 1.18–1.37) (Figure  1). Mood (ad-
justed HR, 1.25; 95% CI, 1.15–1.36), anxiety (adjusted HR, 1.33, 
95% CI, 1.22–1.45), and psychotic (adjusted HR, 1.41; 95% CI, 

1.14–1.74) disorders were each significantly associated with in-
creased risk. Although point estimates increased with older age, 
an interaction between any psychiatric disorder and age group 
was not detected (p = 0.55). Associations for any disorder were 
similar across COVID-19 vaccination status strata (Figure 3; test 

FIGURE 1    |    Associations between psychiatric disorders and COVID-19-associated hospitalization, stratified by age group. A hazard ratio 
(HR) > 1.0 indicates that the respective psychiatric disorder was associated with a higher risk of COVID-19-associated hospitalization. Each HR 
was obtained from a separate model comparing patients with the respective psychiatric disorder (any, mood, anxiety, trauma-stressor-related, or 
psychotic) to patients with no psychiatric disorder. HRs were adjusted for site, age (natural spline with four knots), sex (male, female, unknown), race 
and ethnicity (Asian, Black, Hispanic, White, other, unknown), Medicaid coverage (yes, no, unknown), underlying respiratory condition (yes, no), 
underlying non-respiratory condition (yes, no), number of underlying medical conditions (square-root transformed), number of SARS-CoV-2 test 
records documented in the patient's electronic medical record prior to the start of the study period (0, 1, 2–4, ≥5), and time-varying mRNA COVID-19 
vaccination status (unvaccinated, two doses 14–149 days earlier, two doses ≥150 days earlier, three doses 7–119 days earlier, three doses ≥120 days 
earlier, four doses 7–59 days earlier, four doses ≥60 days earlier). CI, confidence interval.
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of interaction between any psychiatric disorder and vaccination 
status, p = 0.34). Associations by number and combination of 
disorder types did not reveal meaningful patterns (eFigure 22 
in the Supporting Information section). After including each 
underlying condition as a separate covariate in the model, the 
adjusted HR for any psychiatric disorder was similar to that 
of various non-psychiatric underlying conditions including 
asthma, obesity, and renal disease (eFigure 23 in the Supporting 
Information section).

3.4   |   mRNA COVID-19 VE Against COVID-19-
Associated Hospitalization

The relative hazard reduction associated with being vaccinated 
(vs. unvaccinated) was similar between patients with any vs. 
no psychiatric disorder (with overlapping 95% CIs), suggest-
ing that VE against COVID-19-associated hospitalization was 
similar (Figure  4). Among patients with no psychiatric disor-
der, adjusted HRs for the association between vaccination and 
hospitalization were 0.32 (95% CI, 0.23–0.45) at 14–149 days 
following second dose, 0.08 (95% CI, 0.06–0.10) at 7–119 days 
following third dose, and 0.21 (95% CI, 0.11–0.41) at 7–59 days 
following fourth dose. Corresponding VE point estimates were 
68%, 92%, and 79%, respectively. Among patients with any psy-
chiatric disorder, HRs were 0.35 (95% CI, 0.25–0.49), 0.08 (95% 
CI, 0.06–0.11), and 0.33 (95% CI, 0.17–0.66), corresponding to 

VE estimates of 65%, 92%, and 67%, respectively. This pattern 
was consistent among patients aged 18–64 and ≥65 years. VE for 
subgroups with common psychiatric disorder types are provided 
in eFigure 24 in the Supporting Information section.

3.5   |   Case–Control Test-Negative Design

Characteristics of the test-negative design sample are provided 
in eTable 5 in the Supporting Information section. Adjusted ORs 
for the association between vaccination status and symptomatic 
laboratory-confirmed SARS-CoV-2 infection at a hospitalization 
(and corresponding VE estimates) were also similar between pa-
tients with any versus no psychiatric disorder (eFigure 25 in the 
Supporting Information section).

4   |   Discussion

In this large multi-state EHR-based cohort study, we found 
that various psychiatric disorders were independently associ-
ated with increased risk of COVID-19-associated hospitaliza-
tion. Additionally, the protection associated with receipt of 
an mRNA COVID-19 vaccine primary series or monovalent 
booster dose(s) was similar on a relative scale for adults with 
or without psychiatric disorders. This study is among the first 
to establish that psychiatric disorders continued to pose a risk 

FIGURE 2    |    Kaplan–Meier survival curve of time to COVID-19-associated hospitalization, stratified by psychiatric disorder status. Time 0 is 
December 16, 2021, which was the earliest date a patient could start contributing eligible follow-up. Sites had staggered entries from December 16 to 
26, 2021 based on the date on which the SARS-CoV-2 Omicron variant first accounted for ≥50% of all sequenced specimens at each site. Individual 
patients could also enter the cohort at a later date if they became eligible based on a new COVID-19 vaccination status. The large majority of patients 
(2,322,169; 95.3%) contributed follow-up starting from their site-specific start date in December 2021 through August 30, 2022. Smaller proportions 
entered the analytic cohort mid-study (59,473; 2.4%) and/or were censored (53,164; 2.2%) either due to departure from the health network (33,403; 
1.4%), exclusionary vaccine doses (8919; 0.4%), or death (10,842; 0.4%). Periods of estimated ≥50% BA.1 sublineage predominance (as early as December 
16–26, 2021), ≥50% BA.2/BA.2.12.1 sublineage predominance (as early as March 19–24, 2022), and ≥50% BA.4/BA.5 sublineage predominance (as 
early as June 19–29, 2022) are displayed. The shaded areas indicate 95% confidence intervals (CIs). The unadjusted hazard ratio (HR), 95% CI, and 
log-rank p-value that are shown were obtained from comparing patients with any psychiatric disorder to patients with no psychiatric disorder 
(reference group).
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for severe COVID-19 during Omicron variant predominance 
while also providing real-world evidence that mRNA vaccina-
tion was linked to a reduced risk of COVID-19-associated hos-
pitalization in adults with psychiatric disorders. Despite higher 
vaccination rates and similar VE, adults with psychiatric dis-
orders continued to face a heightened risk of hospitalization. 
Thus, additional strategies alongside vaccination are needed to 
mitigate the risk of severe COVID-19 in this population.

The crude incidence rate of COVID-19-associated hospitaliza-
tion was 2.5 times higher among patients with any psychiatric 
disorder diagnosis compared to those without. High rates were 
observed in patients with unspecified/other anxiety (3.0 times 
higher), personality (3.0 times), depressive (3.1 times), bipolar 
(3.4 times), psychotic (3.7 times), and dissociative/conversion 
(6.4 times) disorders. Associations were attenuated after ad-
justing for demographic and clinical characteristics includ-
ing comorbidities, yet mood, anxiety, and psychotic disorders 
each remained associated with a 25% greater, 33% greater, and 
41% greater risk of COVID-19 hospitalization, respectively. 
Importantly, these effect sizes were comparable to those ob-
tained for non-psychiatric comorbidities including asthma, obe-
sity, and renal disease. These findings align with a pre-Omicron 
study among US veterans, which identified mood, anxiety, and 

psychotic disorders as risk factors for SARS-CoV-2 infection in 
adults vaccinated with an mRNA or Ad26.COV2.S primary se-
ries [11]. In contrast to that study, we found no association for 
posttraumatic stress disorder and a nonsignificant (yet positive) 
association for adjustment disorder with respect to hospitaliza-
tion. Our findings are also generally consistent with those of 
earlier studies predating COVID-19 vaccines [1–5, 23].

Based on research demonstrating that psychiatric symptoms 
have been associated with impaired antibody or cell-mediated 
responses to numerous other vaccines, researchers have posited 
that psychiatric symptoms may impact COVID-19 VE [12, 13]. 
Initial studies of antibody responses following COVID-19 vacci-
nation have had mixed results. One study found an association 
between depression and lower antibody positivity, while another 
found no association between depression or anxiety and antibody 
positivity [14, 24]. Antibody positivity, however, is only one mea-
sure of a multifaceted vaccine-induced immune response, which 
also involves the activation of CD4+ helper T cells and CD8+ cy-
totoxic T cells and the development of immunological memory. 
In our study, VE for two-dose and three-dose regimens was very 
similar in patients with and without psychiatric disorders. For 
four-dose VE (evaluated among patients aged ≥50 years starting 
in April 2022), point estimates were not as close but were less 

FIGURE 3    |    Associations between any psychiatric disorder and COVID-19-associated hospitalization, stratified by vaccination status. A hazard 
ratio (HR) > 1.0 indicates that any psychiatric disorder was associated with a higher risk of COVID-19-associated hospitalization. HRs were adjusted 
for site, age (natural spline with four knots), sex (male, female, unknown), race and ethnicity (Asian, Black, Hispanic, White, other, unknown), 
Medicaid coverage (yes, no, unknown), underlying respiratory condition (yes, no), underlying non-respiratory condition (yes, no), number of 
underlying medical conditions (square-root transformed), and number of SARS-CoV-2 test records documented in the patient's electronic medical 
record prior to the start of the study period (0, 1, 2–4, ≥5). All HRs except for those for four doses were obtained from the same model with the 
exposure variable defined by patients' vaccination status (time-varying) and psychiatric disorder status (not time-varying). The analysis for four 
doses 7–59 days earlier was limited to person-time after April 5, 2022 among patients aged ≥50 years. The analysis for four doses ≥60 days earlier was 
limited to person-time after May 28, 2022 among patients aged ≥50 years. CI, confidence interval.



9 of 13

precise with overlapping CIs. In addition, although estimates 
from cohort and test-negative design analyses differed slightly 
from one another, VE within each design was similar regardless 
of psychiatric disorder status, providing robustness to results. 
Overall, VE did not meaningfully differ based on psychiatric dis-
order status. While reassuring, it is important to note that this 

finding could in part stem from our use of broad diagnosis-based 
definitions for psychiatric disorders. We were not able to examine 
more specific measures and indicators, such as symptom sever-
ity, health and sleep behaviors, inflammatory markers, and psy-
chotropic medications, which may contribute to heterogeneity in 
vaccine response among patients with psychiatric disorders.

FIGURE 4  Legend on next page.
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Our findings have important implications for clinical practice 
as well as education or communication campaigns, emphasiz-
ing the need for providers and patients to recognize psychi-
atric disorders as conditions that may contribute to elevated 
risk of severe COVID-19 [25], in additional to traditional risk 
factors such as cardiac, pulmonary, or immunocompromising 
conditions. Healthcare professionals should strongly advise 
individuals with psychiatric disorders to receive COVID-19 
vaccination, ensuring that they are up to date with recom-
mended vaccine doses. Additionally, following a positive 
SARS-CoV-2 test alongside mild-to-moderate symptoms, out-
patient antiviral therapies such as nirmatrelvir/ritonavir can 
reduce the risk of progression to severe COVID-19 disease. 
Close monitoring and encouragement to seek care if symp-
toms worsen are also critical.

This study has several limitations. First, psychiatric disorders 
were defined using ICD codes assigned in clinical practice and in-
formation on the severity or trajectory of specific symptoms was 
not available. Patients with psychiatric disorder(s) had ≥1 quali-
fying ICD code at ≥1 occurrence(s) during a historical period and 
new diagnoses during follow-up were not examined; thus, mis-
classification is possible. If patients with undiagnosed psychiatric 
illness were classified as not having a psychiatric disorder, then 
associations between psychiatric disorders and hospitalization 
would be biased toward the null. Second, data on pharmacologic 
and behavioral treatments for psychiatric disorders were not 
available. Third, because more than one-third of all hospitaliza-
tions with a COVID-19-like illness discharge diagnosis did not 
have SARS-CoV-2 test results available, incidence rates may have 
been underestimated. However, the proportion was similar by 
psychiatric disorder status and vaccination status, suggesting that 
possible underestimation would likely be non-differential and not 
expected to bias HRs. Fourth, beyond diagnosis codes and SARS-
CoV-2 test results, the severity of symptoms and specific reason(s) 
for hospitalization were not available and may have differed 
between patients with and without psychiatric disorders. Fifth, 
because patients were included regardless of prior infection, VE 
estimates may have been biased toward the null if prior infection 
was more prevalent among unvaccinated patients and was asso-
ciated with some protection against reinfection or attenuation 
of severity if reinfected. Sixth, although we adjusted for demo-
graphic and clinical factors, residual or unmeasured confounding 

is possible. Apart from Medicaid status, other socioeconomic in-
dicators were not collected. Seventh, the Ad26.COV2.S vaccine, 
which was targeted for populations disproportionately affected 
by psychiatric disorders due to the easier logistics of a single-
dose primary series in relatively transient populations (e.g., 
people experiencing homelessness, adult care homes), was not 
examined in the current analysis. Eighth, VE estimates from the 
retrospective cohort design could have been affected by bias re-
lated to healthcare-seeking behaviors, which may have differed 
between patients with and without psychiatric disorder(s). This 
limitation was addressed by conducting a secondary VE analysis 
using the test-negative design among hospitalized patients with 
COVID-19-like illness defined using documented discharge diag-
noses. Ninth, substance use disorders, which often co-occur with 
psychiatric disorders, were not examined in the current study. 
However, previous research has evaluated these disorders in rela-
tion to severe COVID-19 and COVID-19 VE [26–31]. Tenth, data 
on neurodevelopmental disorders (aside from attention-deficit 
hyperactivity disorder) were also not examined but have been re-
ported in another VISION Network study [32].

5   |   Conclusions

Psychiatric disorders were associated with increased risk of 
COVID-19-associated hospitalization, yet the relative protection 
associated with mRNA vaccination was similar irrespective of 
psychiatric disorder status, underscoring the benefit of COVID-19 
vaccination in this population. Future research should continue 
to monitor risk of COVID-19, severe outcomes, and real-world 
COVID-19 VE among individuals with psychiatric disorders. Since 
individuals with psychiatric disorders continue to disproportion-
ately experience severe COVID-19 health outcomes despite mRNA 
vaccines being similarly effective in this population, there is also a 
need to better characterize the drivers of increased risk and iden-
tify other effective mitigation strategies in addition to vaccination.
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