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ARTICLE OPEN

Post-traumatic stress disorder and risk for hospitalization and
death following COVID-19 infection
Kristen Nishimi 1,2✉, Thomas C. Neylan 1,2, Daniel Bertenthal1, Emily A. Dolsen1,2, Karen H. Seal3,4 and Aoife O’Donovan1,2✉

This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2022

Post-traumatic stress disorder (PTSD) is associated with an increased risk for physical illnesses and early mortality. However, we do
not know if it also increases the risk for adverse outcomes of coronavirus disease 2019 (COVID-19). In this retrospective cohort
study, we examined associations of PTSD and other psychiatric disorders with risk for hospitalization and death in the 60 days
following a COVID-19 infection in 228,367 U.S. Department of Veteran Affairs (VA) patients who tested positive for COVID-19
between February 2020 and August 2021 (age m= 60.6, 89.5% male). Generalized linear models estimated associations of PTSD
and other psychiatric disorders with outcomes following a positive SARS-CoV-2 test, adjusting for socio-demographic, medical, and
behavioral factors. Among 228,367 VA patients, 25.6% had PTSD, and 28.2% had a psychiatric disorder other than PTSD. In the
60 days following a positive COVID-19 test, 15% of patients were hospitalized, and 6% died. Patients with PTSD had an increased
risk for both hospitalization (adjusted relative risk, ARR= 1.18, 95% CI 1.15–1.21) and death (ARR= 1.13, 95% CI 1.08–1.19) relative
to those with no psychiatric disorders, adjusting for socio-demographics. Estimates remained significant when models were
additionally adjusted for medical comorbidities and smoking. Patients with other psychiatric disorders also had an increased risk of
adverse COVID-19 outcomes, with larger effect sizes than PTSD in older (≥65 years) but not younger patients. In this large-scale
study of VA patients, individuals with PTSD, and other psychiatric disorders, had heightened vulnerability to severe adverse
outcomes of COVID-19; thus, individuals with PTSD should also be considered at higher risk for severe COVID-19 outcomes, and
potentially prioritized for vaccination, screening, and early treatment intervention for COVID-19.

Translational Psychiatry          (2022) 12:482 ; https://doi.org/10.1038/s41398-022-02156-w

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has had an
extraordinary impact on population health worldwide, contribut-
ing to more than six million deaths and many more hospitaliza-
tions since its inception [1]. Psychiatric disorders may be an
important risk factor for worse COVID-19 outcomes, like hospita-
lizations and deaths, due to medical comorbidities, poor health
behaviors, and dysregulation in immune functioning [2, 3]. Indeed,
emerging large-scale studies indicate a heightened risk for
adverse outcomes of COVID-19 among those with some
psychiatric disorders [4–6]. Summarizing these studies, meta-
analyses have confirmed that psychiatric disorders are associated
with higher COVID-19 severity as indexed by hospitalizations and
death [4–6], with meta-analytic adjusted odds ratios of 1.75 (95%
CI 1.20–2.54) for hospitalization and 1.26 (95% CI 1.12–1.42) [5] to
1.38 (95% CI 1.15–1.65) for death [4]. Despite the increased risk for
traumatic stressors during the pandemic and the strong potential
for post-traumatic stress disorder (PTSD) to worsen disease
outcomes in COVID-19 [7–9], we do not know if patients with
PTSD should be considered a vulnerable group.
Multiple lines of evidence indicate that PTSD specifically could

increase the risk for adverse outcomes of COVID-19. First, PTSD is

associated with deleterious health behaviors (e.g., smoking, excess
alcohol use, physical inactivity, and poor diet) [10], which could
adversely impact COVID-19 outcomes. Second, PTSD is associated
with elevated chronic peripheral inflammation [9, 11], reduced
anti-inflammatory glucocorticoid signaling to immune cells [12],
and accelerated cellular aging as indexed by telomere length
[11, 13]. Overall, these features of PTSD could increase the risk for
negative COVID-19 disease sequelae, including more severe
disease and COVID-19-related cytokine storm syndrome [14, 15].
Third, PTSD may be associated with increased somatization or
anxiety related to COVID-19 symptoms, which could increase the
likelihood of hospitalizations for COVID-19 [16]. Finally, PTSD is
associated with known medical risk factors for COVID-19 morbidity
and mortality, including cardiovascular disease, hypertension,
diabetes, and obesity, via similar physiological and behavioral
mechanisms [7, 8, 17, 18]. Importantly, PTSD may even increase
the risk for chronic medical conditions to a greater extent than
other psychiatric disorders [7]. Although other psychiatric condi-
tions have also been linked to physical comorbidities, inflamma-
tion, and health risk behaviors [19], PTSD, in particular, is
characterized by lower levels of circulating cortisol, which is a
stress hormone with anti-inflammatory properties that may be
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beneficial in reducing the inflammatory activity that underlies
many acute adverse outcomes of COVID-19 [12, 20]. Notably, one
study early in the pandemic found that VA patients with PTSD
were more likely to be tested, but less likely to test positive, for
COVID-19 [21], relative to those without PTSD. However, we do not
yet know if PTSD increases the risk for poor outcomes following a
positive severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) test.
In the current study, we examined associations between PTSD

and negative COVID-19 outcomes, as indexed by risk for 60-day
hospitalizations and deaths following a positive SARS-CoV-2 test
(i.e., COVID-19 infection) in the U.S. Department of Veteran Affairs
(VA) healthcare system. Military veterans overall represent a
vulnerable group at high risk for COVID-19 complications resulting
from socio-demographic risk factors (e.g., age, sex, racial/ethnic
composition) and relatively high rates of medical and psychiatric
comorbidities [22, 23]. We hypothesized that VA patients with
PTSD would have a higher risk for hospitalization and death
following COVID-19 infection, compared to VA patients without
psychiatric disorders and those with psychiatric disorders other
than PTSD. To examine if PTSD was associated with COVID-19
outcomes independent of other known risk factors, we adjusted
for a range of medical and health-related factors.

MATERIALS AND METHODS
Study design and participants
Data for this retrospective cohort study came from the US VA Corporate
Data Warehouse (CDW), a regional database of patient data from across all
VA healthcare facilities, and the VA COVID-19 Shared Data Resource (HSR
RES 13–457), which contains information on all VA patients who had a
SARS-CoV-2 test recorded in VA clinical notes or lab records. The COVID-19
Shared Data Resource has enabled rapid research across a range of COVID-
19-related topics (e.g., refs. [24, 25]). Our analysis included all individuals
who accessed the VA healthcare system for services between February 20,
2020 and August 17, 2021 with a positive polymerase chain reaction (PCR)
SARS-CoV-2 test from the VA or from outside the VA, which was recorded
in VA clinical notes (if multiple positive tests, the first positive test date was
used), with at least 60 days of follow-up after the positive test; inclusion
and exclusion criteria were established a priori. Of the 1,423,988 individuals
who accessed VA care in the study period, 257,108 (18.1%) had at least one
positive SARS-CoV-2 PCR test. Among these 257,108 patients, we excluded
those who were not active in the VA in the 12 months before their positive
test date to reduce missing diagnoses (n= 8872 excluded), those with less
than 60-day follow-up after their positive test date to avoid false negatives
on our outcomes (n= 16,661 excluded), those whose hospital admission
dates were greater than five days prior to their positive test date to avoid
outcomes related to other diagnoses (n= 431 excluded), and those
missing information on the key covariate of body mass index (BMI)
(n= 2777 excluded), resulting in an analytic sample of 228,367 (see Fig. S1
for sample derivation). This study was approved by the Committee on
Human Research, University of California, San Francisco, and the San
Francisco VA Health Care System Human Research Protection Program,
and a waiver of informed consent was approved for the analysis of health
records data.

Measures
Independent variables included psychiatric disorders, defined as any
clinical diagnosis of PTSD, depression, anxiety, adjustment disorder,
alcohol use disorder, substance use disorder, bipolar disorder, psychotic
disorder, attention-deficit hyperactivity disorder (ADHD), dissociative
disorder, and eating disorder within the 5 years prior to the initial positive
SARS-CoV-2 test. Diagnoses were identified from inpatient or outpatient
clinical data based on International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM), or ICD-10-CM codes (Table S1),
coded on at least two separate occasions to minimize misclassification.
Consistent with prior work, patients were classified into three groups [7]:
(1) patients with PTSD alone or in combination with other psychiatric
disorders; (2) patients with psychiatric disorders other than PTSD; and (3)
patients with no psychiatric disorders.
Outcomes included hospitalizations and deaths recorded in the 60 days

following COVID-19 infection. Hospitalization was defined as any acute

inpatient hospital admission with patient isolation within the 60 days
following a positive SARS-CoV-2 test (excluding admissions to nursing
homes, community living centers, or other long-term care facilities, and
psychiatric or spinal cord injury admissions). Death was defined as any
death within the 60 days following a positive SARS-CoV-2 test.
Covariates were socio-demographic factors including age, sex (female,

male), race (Black or African American, white, other race [Asian, American
Indian or Alaska Native, Native Hawaiian or Other Pacific Islander] or
unknown), and Hispanic ethnicity (Hispanic or Latino, Not Hispanic, or Latino,
unknown). Medical comorbidities included obesity (BMI≥ 35 closest in time
to the positive test date); any record of the following medical conditions in
the 2 years prior to the positive test date: diabetes, cardiovascular disease
including hypertension, obstructive sleep apnea, chronic obstructive
pulmonary disease (COPD), cancer, chronic kidney disease, liver disease,
human immunodeficiency virus (HIV); and smoking (never smoker, current, or
former smoker) based on ICD-9-CM or ICD-10-CM codes.

Statistical analysis
We first examined distributions of covariates by psychiatric disorder
diagnosis using t-tests and Χ2 tests. We then used multivariable general-
ized linear models (specifying Poisson distribution and log link and robust
error variance) [26] to determine whether PTSD or other psychiatric
disorders were associated with the relative risk (RR) of 60-day (1)
hospitalization and (2) death following a positive SARS-CoV-2 test. The
reference group for all models was those with no psychiatric disorders,
although we additionally examined differences in the effect sizes for PTSD
compared to other psychiatric disorders. As age may not be linearly
associated with risk for COVID-19 outcomes [27], we examined both linear
and quadratic effects of age and found that including both age and age
squared resulted in the best fitting model. Thus, models first adjusted for
socio-demographics that are potential confounders (i.e., age, age squared,
sex, race, and ethnicity) (Model 1), and then additionally adjusted for
factors that may be confounders or pathway variables (i.e., medical
comorbidities, smoking) (Model 2).
Older individuals are more likely to be hospitalized or die following

COVID-19 infection [27], thus, we ran secondary analyses with the sample
stratified at age 65. Additional secondary analyses examined the
association between any psychiatric disorders (i.e., diagnosis of any of
the included psychiatric disorders including PTSD) and risk for both
outcomes relative to no psychiatric disorders, and between each individual
disorder and risk for both outcomes relative to no psychiatric disorders.
Although we included ADHD, dissociative disorder, and eating disorder
diagnoses to capture a wide range of psychiatric disorders, we did not
estimate individual effect estimates for these disorders given their low
prevalence in the sample (ADHD prevalence= 2.3%, dissociative disorder
prevalence= 0.4%, eating disorder prevalence= 0.3%) leading to a risk of
imprecise estimates. We additionally ran individual psychiatric disorder
models stratified at age 65 to determine if there were differences between
effect estimates observed for older versus younger individuals. To examine
age differences further, we also stratified the sample at <40 years and
40–64 years and reran the primary analyses. Given the overlapping
symptoms and high cooccurrence of diagnoses of PTSD and adjustment
disorder (44.7% of those with adjustment disorder also had PTSD, and
22.3% of those with PTSD also had adjustment disorder), we performed a
sensitivity analysis examining associations of PTSD or adjustment disorder
with risk for COVID-19 outcomes. As COVID-19 vaccine rollout began
during follow-up, we performed sensitivity analyses that excluded
individuals with breakthrough infections, conservatively classified as any
positive SARS-CoV-2 tests among patients >14 days after receiving one
dose of any COVID-19 vaccine (n= 7918 excluded). Data were prepared
with SAS 9.4, and analyses were conducted with Stata 15.1; all tests were
two-sided, and an a priori threshold of p < .05 was considered for statistical
significance. The code used to generate results in this study are available
from the corresponding authors upon reasonable request.

RESULTS
The analytic sample of 228,367 patients with positive SARS-CoV-2
tests was 61 years old on average, 89.5% male, 67.4% white, 22.4%
Black or African American, 10.2% other or unknown race, and 9.8%
Hispanic or Latinx (Table 1). Regarding medical and behavioral risk
factors for COVID-19, 72.1% of the sample had one or more
medical comorbidities, 22.8% were obese (BMI ≥ 35), and 61.1%
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were current or former smokers. Just over one quarter (25.6%) of
the sample had a PTSD diagnosis in the 5 years preceding their
positive SARS-CoV-2 test, and an additional 28.2% had psychiatric
diagnoses other than PTSD. There were high levels of psychiatric
comorbidity, with 82.2% of those with PTSD having at least one
other psychiatric diagnosis. Among those with either substance or
alcohol use disorder, 84.8% had another psychiatric diagnosis.
Psychiatric disorders varied by age: those with PTSD were younger
on average (mean age 55) than those with other psychiatric
disorders (mean age 58) and those without psychiatric disorders
(mean age 65). Consequently, the prevalence of some medical
comorbidities across the psychiatric disorder groups was likely
confounded by age (e.g., older patients were less likely to have
psychiatric disorders but also more likely to have cardiovascular
disease, despite PTSD and psychiatric disorders being associated
with cardiovascular disease risk in age-stratified groups) [10]. In
the 60 days following the positive COVID-19 test, 15.0% of the
sample was hospitalized, and 6.0% died.
Compared to patients with no psychiatric disorders, patients

with PTSD had a higher risk for both hospitalization and death
following COVID-19 infection, adjusting for socio-demographics
(Model 1; Table 2). Associations were attenuated but remained
significant when additionally adjusting for medical comorbidities
and smoking (Model 2). Patients with psychiatric disorders other
than PTSD also showed a higher risk for hospitalization and death
following COVID-19 infection in all models, relative to no
psychiatric disorders. Associations with both hospitalization and

death following COVID-19 infection were significantly higher for
other psychiatric disorders than for PTSD in the full sample.
As predicted, hospitalization and death following infection were

strongly patterned by age, with both outcomes more likely among
older individuals (e.g., 9.3% of those younger than 65 were
hospitalized, while 21.6% of those 65 and older were hospitalized;
1.2% of those younger than 65 died, while 11.5% of those 65 and
older died). Secondary analyses indicated that associations of
psychiatric disorders with hospitalization and death following
COVID-19 infection were evident across younger and older
patients in models adjusted for socio-demographics (Table 3).
Among older patients, psychiatric disorders other than PTSD had
stronger associations with outcomes than PTSD. However, among
younger patients, associations of PTSD and other psychiatric
disorders with outcomes were of similar magnitude.
When examining associations for any psychiatric disorder

(including PTSD) compared to no psychiatric disorders, we found
27% increased risk for hospitalization (socio-demographic
adjusted RR= 1.27, 95% CI 1.24–1.29; fully adjusted RR= 1.16,
95% CI 1.14–1.19) and 19% increased risk for death (socio-
demographic adjusted RR= 1.19, 95% CI 1.15–1.23; fully adjusted
RR= 1.12, 95% CI 1.08–1.16) associated with any versus no
psychiatric disorder. Delving into individual psychiatric disorders,
all individual psychiatric disorders that we assessed were each
associated with a higher risk for hospitalization and death as
compared to no disorders, adjusted for socio-demographics (Table
4; Fig. 1). Effect sizes were generally similar across all psychiatric

Table 1. Distribution of socio-demographic factors and medical comorbidities among 228,367 VA patients.

Full sample No psychiatric disorders Other psychiatric disorders PTSD

n= 228,367 n= 105,405 (46.2) n= 64,395 (28.2) n= 58,567 (25.6)

Covariate No. (%) No. (%) No. (%) No. (%) p-value

Age, m (SD), in years 60.6 (16.3) 65.2 (15.4) 58.4 (16.1) 54.7 (15.7) <0.001

Sex

Female 23,901 (10.5) 6854 (6.5) 8739 (13.6) 8308 (14.2) <0.001

Male 204,466 (89.5) 98,551 (93.5) 55,656 (86.4) 50,259 (85.8)

Race

Black or African American 51,205 (22.4) 20,510 (19.5) 15,451 (24.0) 15,244 (26.0) <0.001

White 153,910 (67.4) 74,174 (70.4) 42,810 (66.5) 36,926 (63.0)

Othera or Unknown 23,252 (10.2) 10,721 (10.2) 6134 (9.5) 6397 (10.9)

Ethnicity

Hispanic or Latinx 22,285 (9.8) 8393 (8.0) 6273 (9.7) 15,244 (26.0) <0.001

Not Hispanic or Latinx 197,629 (86.5) 92,498 (87.8) 55,938 (86.9) 49,193 (84.0)

Unknown 8453 (3.7) 4514 (4.3) 2184 (3.4) 1755 (3.0)

Obese (BMI ≥ 35) 52,046 (22.8) 22,199 (21.1) 15,092 (23.4) 14,755 (25.2) <0.001

Medical comorbidities

Diabetes 79,090 (34.6) 39,358 (37.3) 21,702 (33.7) 18,030 (30.8) <0.001

Cardiovascular disease 74,222 (32.5) 36,251 (34.4) 21,691 (33.7) 16,280 (27.8) <0.001

Obstructive sleep apnea 73,127 (32.0) 26,271 (24.9) 22,163 (34.4) 24,693 (42.2) <0.001

COPD 35,488 (15.5) 15,533 (14.7) 11,232 (17.4) 8723 (14.9) <0.001

Cancer 40,769 (17.9) 20,260 (19.2) 11,500 (17.9) 9009 (15.4) <0.001

Chronic kidney disease 31,693 (13.9) 16,276 (15.4) 9048 (14.1) 6369 (10.9) <0.001

Liver disease 15,162 (6.6) 5446 (5.2) 5160 (8.0) 4556 (7.8) <0.001

HIV 1845 (0.8) 621 (0.6) 756 (1.2) 468 (0.8) <0.001

Smoking

Current or former smoker 139,635 (61.1) 64,705 (61.4) 39,749 (61.7) 35,181 (60.1) <0.001

Never smoker 88,732 (38.9) 40,700 (38.6) 24,646 (38.3) 23,386 (39.9)

COPD chronic obstructive pulmonary disease, HIV human immunodeficiency virus, VA U.S. Department of Veteran Affairs.
aOther race includes American Indian Or Alaska Native, Asian, and Native Hawaiian Or Other Pacific Islander.
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disorders indicating that the presence of any psychiatric disorder
is a risk factor for adverse outcomes of COVID-19. Age-stratified
models for individual psychiatric disorders indicated particularly
strong effect estimates for substance use and psychotic disorders
on risk for hospitalization, and of psychotic disorders on risk for
death, in both younger and older veterans (Table S2). Associations
between PTSD and increased risk for hospitalizations appeared to
be driven by strong associations among the youngest veterans
(<40 years old) (Table S3). When considering diagnoses of PTSD or
adjustment disorder together, the pattern of associations did not
change (Table S4). Lastly, findings were nearly identical when
excluding those with breakthrough infections (Table S5).

DISCUSSION
Among 228,367 VA patients, PTSD and other psychiatric disorders
were associated with a significantly higher risk for hospitalization
and death in the 60 days following a positive test for COVID-19,
compared to no psychiatric disorders. Adjusting for medical
comorbidities attenuated, but did not fully account for, associa-
tions of PTSD and other psychiatric disorders with increased risk
for hospitalization and death following COVID-19 infection,
indicating that comorbidities may contribute to some but not all
of the increased risks. Although PTSD increased the risk for COVID-
19 hospitalization and death across the full sample, there were
some differences by age. Among patients under age 65, PTSD and
other psychiatric conditions increased the risk for adverse COVID-
19 outcomes relative to those without psychiatric conditions, with
similar effect sizes for PTSD and other psychiatric disorders.
However, among patients aged 65 and older, other psychiatric
conditions were more strongly associated with adverse outcomes
than PTSD. All the other psychiatric disorders we examined in our
study were associated with increased risk for COVID-19 hospita-
lization and death, with substance and alcohol use, bipolar, and
psychotic disorders showing particularly strong associations with
hospitalizations, and psychotic disorders showing particularly
strong associations with deaths. Overall, our data add to an
accumulating evidence base that underscores the need to
consider patients with psychiatric disorders, including PTSD, as a
vulnerable group in the context of the COVID-19 pandemic.
The present study adds PTSD to the list of psychiatric disorders

that increase the risk for adverse outcomes of COVID-19 [4–6, 28].
In our sample of VA patients, PTSD and other psychiatric disorders

increased the risk for poorer COVID-19 outcomes across younger
and older patient groups, suggesting that psychiatric disorders
increase the risk for adverse COVID-19 sequelae across adulthood.
This elevated risk remained even when accounting for medical
comorbidities and smoking, indicating that PTSD could influence
COVID-19-related outcomes via additional or unadjusted mechan-
isms such as behaviors we did not assess (e.g., alcohol
consumption, sleep, and COVID-19-related behaviors), dysregula-
tion of biological systems (e.g., elevated inflammation and
dysregulated immune functioning), or increased somatization or
anxiety (e.g., heightened somatic symptoms or anxiety related to
COVID-19 symptoms). Psychological stress from the pandemic
overall or the experience of SARS-Cov-2 infection itself may have
exacerbated psychiatric symptoms, which could increase circulat-
ing inflammatory cytokines, catecholamines, and glucocorticoids
consistent with the concept of elevated allostatic load [29], which
may, in turn, have contributed to increased risk of hospitalizations
or deaths. Adjustment disorder, emotional or behavioral symp-
toms in response to a stressor within three months of stressor
onset, may have mechanisms of increased risk that overlap with
those of PTSD, though sensitivity analyses suggest moderate
comorbidity and that estimates considering either diagnosis
indicate elevated risk for poor COVID-19 outcomes. As we could
not discern the traumas or stressors contributing to these
diagnoses, it is difficult to determine their distinct and overlapping
effects.
Contrary to our initial hypothesis, PTSD did not confer a higher

risk for adverse outcomes than other psychiatric disorders. The
highest risks were associated with substance and alcohol use,
bipolar, and psychotic disorders, conditions that have also
increased the risk for adverse COVID-19 sequelae in prior studies
[4, 30]. While reasons for the differences in effect sizes across
disorders remain unclear, physiological effects of drugs of abuse,
increased likelihood of homelessness, or other psychosocial
adversities [30, 31] could be explaining excess risk. Indeed, among
patients aged 65 and older, those with PTSD had a lower risk for
adverse outcomes of COVID-19 compared to those with other
psychiatric disorders. Specific biological or psychosocial mechan-
isms by which other psychiatric disorders increased risk may have
interacted with age, such that these factors particularly increased
risk in older veterans. Furthermore, chronicity of PTSD may
influence outcomes. If younger compared to older veterans are
earlier in the course of their PTSD illness, they may have different

Table 2. Generalized linear models for associations of PTSD and other psychiatric disorders with 60-day hospitalization and death following COVID-
19 infection (n= 228,367).

Model 1 Model 2

RR (95% CI) p-value RR (95% CI) p-value

Outcome: 60-day hospitalizations following COVID-19 infection (n= 34, 354 cases)

PTSD 1.18 (1.15, 1.21) <0.0001 1.09 (1.06, 1.12) <0.0001

Other psychiatric disorders 1.34 (1.31, 1.37) <0.0001 1.22 (1.19, 1.24) <0.0001

No psychiatric disorders Ref. — Ref. —

PTSD vs. other psychiatric disorders 0.88 (0.86, 0.91) <0.0001 0.90 (0.87, 0.92) <0.0001

Outcome: 60-day deaths following COVID-19 infection (n= 13, 661 cases)

PTSD 1.13 (1.08, 1.19) <0.0001 1.08 (1.03, 1.13) 0.001

Other psychiatric disorders 1.23 (1.18, 1.27) <0.0001 1.14 (1.10, 1.19) <0.0001

No psychiatric disorders Ref. — Ref. —

PTSD vs. other psychiatric disorders 0.92 (0.88, 0.97) 0.002 0.94 (0.90, 0.99) 0.015

Model 1: age, age squared, sex, race, and ethnicity.
Model 2: Model 1 plus obese status, diabetes, cardiovascular disease including hypertension, obstructive sleep apnea, chronic obstructive pulmonary disease,
cancer, chronic kidney disease, liver disease, human immunodeficiency virus, and smoking.
RR relative risk, CI confidence intervals, PTSD post-traumatic stress disorder.
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patterns of biological dysregulation, which in turn could influence
the risk for adverse outcomes of COVID-19. Future studies should
gather data on the chronicity of PTSD and examine if this
influences outcomes. Among younger patients, PTSD and other
psychiatric disorders conferred increases in the risk of similar
magnitude. These findings for outcomes of an infectious disease
are in contrast to prior work focusing on chronic physical diseases
in US VA patients, which has suggested that individuals with PTSD
have a higher risk for chronic diseases than patients with
psychiatric disorders other than PTSD (e.g., autoimmune disease,
hypertension, dyslipidemia) [7, 32, 33].
Overall, veterans with psychiatric disorder diagnoses had 27%

increased risk for hospitalization and 19% increased risk for death
following a positive COVID-19 test. Each psychiatric disorder that
we assessed individually was associated with a significantly
elevated risk for hospitalizations and deaths following COVID-19.
Prior studies similarly indicated an elevated risk for poor COVID-19
sequelae in individuals with psychiatric disorders [4–6], suggesting
that poor mental health may be an important risk factor for
adverse COVID-19 outcomes. In our sample, associations largely
held when accounting for medical comorbidities and smoking, in
contrast with a recent study of 15,168 French adults hospitalized
for COVID-19 in which associations between psychiatric conditions
and COVID-19 mortality were fully explained by adjustment for
obesity, count of medical conditions, and medication use [34].
Differences in the sample population (e.g., French adults
hospitalized for COVID-19, 5.7% of whom had a psychiatric
condition, versus VA patients with positive SARS-CoV-2 tests,

53.8% of whom had a psychiatric diagnosis) and the adjustment
for medication use might explain these disparate findings. Future
studies should examine mechanisms underlying the differing
magnitude of association of specific psychiatric diagnoses with
poor COVID-19 outcomes, and examine medication type as a
potential moderator or mediator of effects. However, findings in
the literature to date indicate that multiple different psychiatric
disorders should be considered as potential vulnerability factors
for adverse outcomes of COVID-19 across all disorders and age
groups.
Our study benefited from a very large sample of patients with

comprehensive healthcare data and a high prevalence of
psychiatric diagnoses. However, there are several limitations. First,
selection biases may have occurred due to including only patients
who had records of positive SARS-CoV-2 tests within the VA
system, excluding patients who had a positive SARS-CoV-2 test
that was not recorded in VA, were asymptomatic and untested,
completed a home test (relatively less common during 2020 and
2021 compared to 2022), and did not have access to tests.
However, requiring that patients accessed VA care in the year prior
to their SARS-CoV-2 test may lower concerns of differential
healthcare access. Second, it is possible that some hospitalizations
in the 60 days following a positive SARS-CoV-2 test were not
specifically due to COVID-19 illness, though we excluded
admissions without isolation measures or for multiple alternative
reasons (e.g., admissions to nursing homes or other long-term
care facilities, psychiatric or spinal cord injury admissions). Third,
while we adjusted for basic socio-demographics and medical

Table 3. Age-stratified generalized linear models for associations of PTSD and other psychiatric disorders with 60-day hospitalization and death
following COVID-19 infection.

Model 1 Model 2

RR (95% CI) p-value RR (95% CI) p-value

Outcome: 60-day hospitalizations following COVID-19 infection

Age < 65 (n= 122,049; n= 11,405 cases)

PTSD 1.24 (1.18, 1.29) <0.0001 1.16 (1.11, 1.21) <0.0001

Other psychiatric disorders 1.28 (1.23, 1.34) <0.0001 1.16 (1.12, 1.21) <0.0001

No psychiatric disorders Ref. — Ref. —

PTSD vs. other psychiatric disorders 0.96 (0.92, 1.01) 0.104 1.00 (0.96, 1.04) 0.940

Age ≥ 65 (n= 106,318; n= 22,949 cases)

PTSD 1.14 (1.11, 1.18) <0.0001 1.06 (1.02, 1.09) 0.001

Other psychiatric disorders 1.37 (1.33, 1.40) <0.0001 1.24 (1.21, 1.28) <0.0001

No psychiatric disorders Ref. — Ref. —

PTSD vs. other psychiatric disorders 0.84 (0.81, 0.86) <0.0001 0.85 (0.82, 0.88) <0.0001

Outcome: 60-day deaths following COVID-19 infection

Age < 65 (n= 122,049; n= 1429 cases)

PTSD 1.14 (1.00, 1.31) 0.052 1.07 (0.94, 1.23) 0.305

Other psychiatric disorders 1.21 (1.08, 1.36) 0.001 1.08 (0.96, 1.22) 0.209

No psychiatric disorders Ref. — Ref. —

PTSD vs. other psychiatric disorders 0.94 (0.82, 1.08) 0.389 1.00 (0.87, 1.14) 0.944

Age ≥ 65 (n= 106,318; n= 12,232 cases)

PTSD 1.12 (1.07, 1.17) <0.0001 1.07 (1.02, 1.12) 0.004

Other psychiatric disorders 1.22 (1.17, 1.27) <0.0001 1.15 (1.10, 1.19) <0.0001

No psychiatric disorders Ref. — Ref. —

PTSD vs. other psychiatric disorders 0.92 (0.87, 0.97) 0.001 0.93 (0.89, 0.99) 0.012

Model 1: age, sex, race, and ethnicity.
Model 2: Model 1 plus obese status, diabetes, cardiovascular disease including hypertension, obstructive sleep apnea, chronic obstructive pulmonary disease,
cancer, chronic kidney disease, liver disease, human immunodeficiency virus, and smoking.
RR relative risk, CI confidence intervals, PTSD post-traumatic stress disorder.
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comorbidities known to impact COVID-19 outcomes, the clinical
record data source limited our ability to richly characterize
covariates, including important social determinants of health.
Moreover, there is evidence of both over and underdiagnosis of
psychiatric conditions in clinical records [35], potentially leading to
misclassification of our exposures. Finally, our sample included
only VA patients who accessed VA healthcare during the COVID-19
pandemic, and almost 90% of the sample was men who may be at
higher risk for more severe COVID-19 compared to women [36];
therefore, additional studies are needed to examine if findings
generalize to different populations. Follow-up studies should also
determine the specific mechanisms that underlie increased risk for

COVID-19 hospitalizations or death associated with PTSD and
other psychiatric disorders.
The U.S. Centers for Disease Control and Prevention (CDC)

added mood and schizophrenia spectrum disorders to their list of
medical conditions that may increase the likelihood of severe
COVID-19 illness in October 2021 [37]. Our data indicate that PTSD
and other psychiatric disorders should be considered for this list as
well. As stressors and trauma related to the ongoing global COVID-
19 pandemic may exacerbate or elicit PTSD symptoms [38], the
effects of PTSD on COVID-19 prognosis may become even more
salient. As PTSD and other psychiatric diagnoses may result in
worse COVID-19 outcomes, mental health practitioners can play a

Table 4. Individual generalized linear models for associations between each psychiatric disorder with 60-day hospitalization and death following
COVID-19 infection (n= 228,367).

Model 1 Model 2

No. (%) RR (95% CI) p-value RR (95% CI) p-value

Outcome: 60-day hospitalizations following COVID-19 infection

PTSD 58,567 (25.6) 1.18 (1.15, 1.21) <0.0001 1.09 (1.06, 1.12) <0.0001

Other psychiatric disorders 64,395 (28.2) 1.34 (1.31, 1.37) <0.0001 1.22 (1.19, 1.24) <0.0001

Major depressive disorder 78,724 (34.5) 1.34 (1.31, 1.37) <0.0001 1.21 (1.18, 1.23) <0.0001

Other psychiatric disorders 44,238 (19.4) 1.15 (1.12, 1.18) <0.0001 1.09 (1.06, 1.12) <0.0001

Anxiety disorder 51,815 (22.7) 1.31 (1.28, 1.35) <0.0001 1.19 (1.16, 1.22) <0.0001

Other psychiatric disorders 71,147 (31.2) 1.25 (1.22, 1.27) <0.0001 1.15 (1.12, 1.17) <0.0001

Adjustment disorder 29,259 (12.8) 1.40 (1.35, 1.44) <0.0001 1.26 (1.22, 1.30) <0.0001

Other psychiatric disorders 93,703 (41.0) 1.24 (1.21, 1.26) <0.0001 1.14 (1.12, 1.16) <0.0001

Alcohol use disorder 21,885 (9.6) 1.62 (1.56, 1.67) <0.0001 1.45 (1.40, 1.49) <0.0001

Other psychiatric disorders 101,077 (44.3) 1.21 (1.18, 1.23) <0.0001 1.11 (1.09, 1.13) <0.0001

Substance use disorder 13,440 (5.9) 1.90 (1.83, 1.97) <0.0001 1.62 (1.56, 1.68) <0.0001

Other psychiatric disorders 109,522 (48.0) 1.20 (1.18, 1.23) <0.0001 1.11 (1.09, 1.14) <0.0001

Bipolar disorder 8791 (3.8) 1.66 (1.58, 1.74) <0.0001 1.46 (1.39, 1.53) <0.0001

Other psychiatric disorders 114,171 (50.0) 1.25 (1.22, 1.27) <0.0001 1.14 (1.12, 1.17) <0.0001

Psychotic disorder 7254 (3.2) 1.84 (1.76, 1.91) <0.0001 1.66 (1.59, 1.73) <0.0001

Other psychiatric disorders 115,708 (50.7) 1.22 (1.20, 1.25) <0.0001 1.12 (1.10, 1.15) <0.0001

Outcome: 60-day deaths following COVID-19 infection

PTSD 58,567 (25.6) 1.13 (1.08, 1.19) <0.0001 1.08 (1.03, 1.13) 0.001

Other psychiatric disorders 64,395 (28.2) 1.23 (1.18, 1.27) <0.0001 1.14 (1.10, 1.19) <0.0001

Major depressive disorder 78,724 (34.5) 1.23 (1.18, 1.27) <0.0001 1.13 (1.09, 1.17) <0.0001

Other psychiatric disorders 44,238 (19.4) 1.14 (1.09, 1.19) <0.0001 1.10 (1.05, 1.15) <0.0001

Anxiety disorder 51,815 (22.7) 1.13 (1.07, 1.18) <0.0001 1.06 (1.01, 1.11) 0.028

Other psychiatric disorders 71,147 (31.2) 1.22 (1.18, 1.26) <0.0001 1.15 (1.11, 1.19) <0.0001

Adjustment disorder 29,259 (12.8) 1.14 (1.07, 1.21) <0.0001 1.05 (0.99, 1.12) 0.102

Other psychiatric disorders 93,703 (41.0) 1.20 (1.16, 1.24) <0.0001 1.13 (1.10, 1.17) <0.0001

Alcohol use disorder 21,885 (9.6) 1.10 (1.02, 1.19) 0.001 1.03 (0.95, 1.11) 0.482

Other psychiatric disorders 101,077 (44.3) 1.20 (1.16, 1.24) <0.0001 1.13 (1.09, 1.17) <0.0001

Substance use disorder 13,440 (5.9) 1.18 (1.07, 1.30) <0.0001 1.04 (0.94, 1.14) 0.476

Other psychiatric disorders 109,522 (48.0) 1.19 (1.15, 1.23) <0.0001 1.12 (1.09, 1.16) <0.0001

Bipolar disorder 8791 (3.8) 1.41 (1.28, 1.57) <0.0001 1.29 (1.17, 1.43) <0.0001

Other psychiatric disorders 114,171 (50.0) 1.18 (1.14, 1.22) <0.0001 1.11 (1.07, 1.15) <0.0001

Psychotic disorder 7254 (3.2) 1.69 (1.57, 1.83) <0.0001 1.58 (1.46, 1.70) <0.0001

Other psychiatric disorders 115,708 (50.7) 1.15 (1.11, 1.19) <0.0001 1.08 (1.05, 1.12) <0.0001

Reference group for each model is No Psychiatric Disorders (n= 105,405 (46.2%)).
Model 1: age, age squared, sex, race, and ethnicity.
Model 2: Model 1 plus obese status, diabetes, cardiovascular disease including hypertension, obstructive sleep apnea, chronic obstructive pulmonary disease,
cancer, chronic kidney disease, liver disease, human immunodeficiency virus, and smoking.
RR relative risk, CI confidence intervals, PTSD post-traumatic stress disorder.
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key role in COVID-19 prevention and vaccine advocacy for their
patients [39]. Similarly, clinicians in general medicine could screen
for psychiatric comorbidities to identify individuals at higher risk
for hospitalization and death following COVID-19. Accumulating
data linking psychiatric disorders with COVID-19 disease outcomes
underscore the need to coordinate across disciplinary boundaries
to improve public health in the context of the COVID-19
pandemic.
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