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Persons with mental health conditions (MHCs) 
might be at higher risk for severe COVID-19 

outcomes after hospitalization because of poor ac-
cess to care and a higher incidence of underlying 
conditions. Most studies have been limited by small 
samples or aggregation of MHCs, which can conceal 
differences in risk (1,2). Previous studies also have 
not examined length of stay (LOS) and readmission 
as outcomes. We examined patient records from a 
large, US-based electronic database to determine 
whether select MHCs were associated with severe 
COVID-19 outcomes, increased LOS, and same-hos-
pital readmission.

The Premier Healthcare Database Special CO-
VID-19 Release (accessed October 1, 2021) contained 
discharge data from >900 hospitals, representing ≈20 
of annual admissions in the United States. (3). We 
identified patients hospitalized with COVID-19 and 
discharged during March 1, 2020–July 31, 2021, by us-
ing discharge codes from the International Classifica-
tion of Diseases, 10th Revision, Clinical Modification 
(B97.29 for March 2020–April 2020 or U07.1 for April 
2020–July 2021). MHCs of interest were anxiety, de-
pression, bipolar disorder, and schizophrenia (iden-
tified from encounters from January 2019 through 
the index COVID-19 admission). Because patients 
could have multiple MHC diagnoses, categories 
were not mutually exclusive. Outcomes were inten-
sive care unit (ICU) admission, invasive mechanical 
ventilation (IMV), 30-day same-hospital readmission  
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Among 664,956 hospitalized COVID-19 patients during 
March 2020–July 2021 in the United States, select men-
tal health conditions (i.e., anxiety, depression, bipolar, 
schizophrenia) were associated with increased risk for 
same-hospital readmission and longer length of stay. 
Anxiety was also associated with increased risk for in-
tensive care unit admission, invasive mechanical venti-
lation, and death.



(all-cause), in-hospital death (all-cause), and LOS. We 
used mixed effects models to examine the associa-
tion between each MHC and each outcome. The ref-
erence group comprised patients who did not have 
MHC diagnoses of any type (i.e., anxiety, depression, 
bipolar disorder, schizophrenia, attention-deficit/hy-
peractivity disorder, obsessive-compulsive disorder, 
severe stress and adjustment disorders, eating disor-
ders, disruptive disorders, impulse-control disorders, 
and conduct disorders). 

We used logistic models to estimate adjusted 
odds ratios (aORs) and corresponding 95% CIs for 
each dichotomous outcome (ICU admission, IMV, re-
admission, and death) and Poisson models to estimate 
the percentage difference and 95% CIs for LOS. A ran-
dom intercept accounted for clustering by hospitals. 
We adjusted models for age, sex, race and ethnicity, 
insurance type, admission month, hospital charac-
teristics (urbanicity and US Census Division region), 
and the Elixhauser Comorbidity Index (a measure of 
overall comorbidity based on 29 conditions) (4). We 
used SAS 9.4 (SAS Institute, https://www.sas.com) 
for statistical analyses.

Of our study sample of 664,956 hospitalized pa-
tients, 77.1% of patients were >50 years of age (Table). 
Male patients outnumbered female patients in having 
no MHC diagnoses (55.0%) or schizophrenia (53.8%); 
female patients outnumbered male patients in having 
anxiety (61.0%), depression (61.7%), or bipolar disor-
der (58.8%). We stratified COVID-19 outcomes among 
hospitalized patients by MHC diagnosis (Figure). Pa-
tients with anxiety, compared with those without any 

MHC, had a significantly higher odds of ICU admis-
sion (aOR 1.36, 95% CI 1.34–1.38), IMV (aOR 1.44, 95% 
CI 1.41–1.47), and in-hospital death (aOR 1.31, 95% CI 
1.28–1.34). Patients with any of the MHCs, compared 
with patients without any MHC, had a significantly 
higher odds of readmission (anxiety, aOR 1.31 [95% 
CI 1.28–1.35]; depression: aOR 1.36 [95% CI 1.33–1.40]; 
bipolar disorder, aOR 1.50 [95% CI 1.41–1.59]; schizo-
phrenia, aOR 1.40 [95% CI 1.31–1.49]). Similarly, each 
MHC was significantly associated with a longer mean 
LOS (anxiety, 34.8 days [95% CI 34.5–35.1]; depres-
sion, 19.5 days [95% CI 19.2–19.8]; bipolar disorder, 
20.6 days [95% CI 19.9–21.2]; schizophrenia, 25.6 days 
[95% CI 24.9–26.3]).

Anxiety was most strongly associated with severe 
outcomes in this patient sample; anxiety, depression, 
bipolar disorder, and schizophrenia were each inde-
pendently associated with a higher risk of 30-day re-
admission and longer LOS. Comparing these results 
against the heterogeneous findings of prior studies 
is difficult for several reasons: aggregation of MHC, 
use of data early in the pandemic, populations with 
different risk profiles, and small samples (2,5,6). Most 
prior studies did not show a significant association 
between anxiety and a higher risk for ICU admission, 
IMV, or death (2,5), and most did not examine read-
mission or LOS as outcomes. MHCs might exacerbate 
respiratory disease and result in a greater risk for re-
admission or longer LOS in nonpsychiatric hospital-
izations (7–9). These outcomes might be attributed to 
increased prevalence and severity of underlying con-
ditions, immune dysregulation, use of psychotropic 
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Figure. Outcomes of hospitalized COVID-19 patients (n = 664,956), by mental health condition diagnosis, compared with patients 
without mental health condition diagnoses in the Premier Healthcare Database Special COVID-19 Release, United States, March 
2020–July 2021. For each condition, odds ratios represent the odds of the given outcome for patients with the condition compared 
with patients without mental health conditions. For length of stay, percentages represent the percentage difference in length of 
stay for patients with the condition compared with patients without mental health conditions. Covariates were selected based on 
factors known or plausibly associated with both the mental health condition and given outcome. Bolded values indicate statistical 
significance (2-sided α = 0.05), adjusted for multiple comparisons using the Bonferroni-Holm method. Descriptive statistics for each 
outcome, by mental health condition, and results from unadjusted models, are provided in the Appendix (https://wwwnc.cdc.gov/EID/
article/28/7/21-2208-App1.pdf). 



medications, socioeconomic disadvantage, or a com-
bination of these factors (8,9).

Limitations of our study include residual con-
founding by such unavailable data as socioeconom-
ic status, smoking status, and other substance use. 
MHCs among patients we studied might not have 
captured instances of milder disease because we iden-
tified those conditions by codes from the Internation-
al Classification of Diseases, Tenth Revision, Clinical 
Modification. For example, the greater risk for death 

among patients with anxiety compared with patients 
with other MHCs could be attributed to differentially 
overcapturing more severe cases of anxiety. Hospital 
readmissions also might have been incompletely cap-
tured because data were only available on readmis-
sions to the same hospital as the index admission for 
COVID-19. In addition, 58,743 patients (8.8%) had >1 
MHC, potentially leading to misclassification.

By disaggregating MHCs, we demonstrated  
the differences in the risks associated with each  
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Table. Characteristics of 664,956 hospitalized COVID-19 patients, by mental health condition diagnosis, from the Premier Healthcare 
Database Special COVID-19 Release, United States, March 2020–July 2021* 

Parameter 

No. (%) patients 
No mental health 

conditions Anxiety Depression Bipolar disorder Schizophrenia 
Total  485,784 (73.1) 114,902 (17.3) 96,167 (14.5) 15,370 (2.3) 12,304 (1.9) 
Patient characteristics      
 Age group, y      
  0–17 5,415 (1.1) 608 (0.5) 584 (0.6) 97 (0.6) 25 (0.2) 
  18–39 61,751 (12.7) 11,584 (10.1) 7,598 (7.9) 2,527 (16.4) 1,421 (11.5) 
  40–49 50,127 (10.3) 11,863 (10.3) 7,949 (8.3) 1,996 (13.0) 1,095 (8.9) 
  50–64 129,896 (26.7) 33,511 (29.2) 26,320 (27.4) 5,455 (35.5) 4,251 (34.5) 
  65–74 101,996 (21.0) 26,561 (23.1) 23,756 (24.7) 3,298 (21.5) 3,512 (28.5) 
  >75 136,599 (28.1) 30,775 (26.8) 29,960 (31.2) 1,997 (13.0) 2,000 (16.3) 
 Sex      
  F 218,428 (45.0) 70,105 (61.0) 59,327 (61.7) 9,032 (58.8) 5,682 (46.2) 
  M 267,356 (55.0) 44,797 (39.0) 36,840 (38.3) 6,338 (41.2) 6,622 (53.8) 
 Race/ethnicity      
  Non-Hispanic White 241,534 (49.7) 78,634 (68.4) 67,015 (69.7) 10,267 (66.8) 6,409 (52.1) 
  Non-Hispanic Black 93,192 (19.2) 14,482 (12.6) 12,736 (13.2) 2,743 (17.8) 3,644 (29.6) 
  Hispanic 94,476 (19.4) 13,783 (12.0) 9,955 (10.4) 1,348 (8.8) 1,158 (9.4) 
  Non-Hispanic Asian 13,989 (2.9) 1,446 (1.3) 1,054 (1.1) 122 (0.8) 192 (1.6) 
  Other or unknown† 42,593 (8.8) 6,557 (5.7) 5,407 (5.6) 890 (5.8) 901 (7.3) 
 Health insurance      
  Medicare 236,378 (48.7) 65,874 (57.3) 61,486 (63.9) 8,787 (57.2) 8,264 (67.2) 
  Medicaid 71,593 (14.7) 15,960 (13.9) 12,591 (13.1) 3,908 (25.4) 2,969 (24.1) 
  Private 133,735 (27.5) 26,102 (22.7) 17,015 (17.7) 1,817 (11.8) 493 (4.0) 
  Other† 44,078 (9.1) 6,966 (6.1) 5,075 (5.3) 858 (5.6) 578 (4.7) 
 Admission month      
  2020 Mar or earlier 16,773 (3.5) 2,350 (2.0) 1,981 (2.1) 344 (2.2) 481 (3.9) 
  2020 Apr–Jun  70,536 (14.5) 12,946 (11.3) 11,968 (12.4) 2,578 (16.8) 2,959 (24.0) 
  2020 Jul–Sep  72,514 (14.9) 15,462 (13.5) 12,696 (13.2) 2,090 (13.6) 1,749 (14.2) 
  2020 Oct–Dec  149,494 (30.8) 40,166 (35.0) 34,329 (35.7) 4,830 (31.4) 3,651 (29.7) 
  2021 Jan–Mar  118,438 (24.4) 29,742 (25.9) 24,432 (25.4) 3,686 (24.0) 2,440 (19.8) 
  2021 Apr–Jun  46,674 (9.6) 11,904 (10.4) 9,076 (9.4) 1,587 (10.3) 863 (7.0) 
  2021 Jul  11,355 (2.3) 2,332 (2.0) 1,685 (1.8) 255 (1.7) 161 (1.3) 
 Elixhauser Comorbidity Index‡ 4.0 (9.2) 6.2 (10.6) 6.9 (10.8) 5.7 (9.7) 6.4 (9.6) 
Hospital characteristics      
 Urbanicity      
  Urban 585,009 (88.0) 429,073 (88.3) 99,530 (86.6) 83,505 (86.8) 13,682 (89.0) 
  Rural 79,947 (12.0) 56,711 (11.7) 15,372 (13.4) 12,662 (13.2) 1,688 (11.0) 
 Region      
  East North Central 8,534 (1.8) 3,738 (3.3) 3,193 (3.3) 487 (3.2) 427 (3.5) 
  East South Central 79,512 (16.4) 15,288 (13.3) 13,917 (14.5) 2,567 (16.7) 2,669 (21.7) 
  Middle Atlantic 73,667 (15.2) 21,736 (18.9) 18,361 (19.1) 3,052 (19.9) 2,236 (18.2) 
  Mountain 19,812 (4.1) 6,684 (5.8) 6,544 (6.8) 747 (4.9) 520 (4.2) 
  New England 133,540 (27.5) 30,544 (26.6) 23,226 (24.2) 3,778 (24.6) 2,965 (24.1) 
  Pacific 32,915 (6.8) 9,537 (8.3) 7,610 (7.9) 957 (6.2) 608 (4.9) 
  South Atlantic 64,156 (13.2) 13,504 (11.8) 11,708 (12.2) 1,753 (11.4) 1,290 (10.5) 
  West North Central 39,377 (8.1) 8,394 (7.3) 6,840 (7.1) 1,180 (7.7) 727 (5.9) 
  West South Central 34,271 (7.1) 5,477 (4.8) 4,768 (5.0) 849 (5.5) 862 (7.0) 
*Values are no. (%) except as indicated.  
†Missing values, when present, are categorized in the other category. 
‡Higher values suggest a higher degree of comorbidity. Expressed as mean (+SD). 
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individual condition. These findings might improve 
understanding of the risk for severe COVID-19 out-
comes associated with MHCs and add evidence for 
considering MHCs as high-risk conditions for pa-
tients with COVID-19. 
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from patient-informed consent based on 45 CFR §164.506(d)
(2)(ii)(B). Authors did not receive financial support in the  
conduct of this study. Authors report no competing interests.

About the Author
Dr. Koyama is an epidemiologist at the Centers for 
Disease Control and Prevention, Atlanta, Georgia, 
USA. His research background includes epidemiology, 
neuropsychiatry, and health services research.

References
  1. Barcella CA, Polcwiartek C, Mohr GH, Hodges G,  

Søndergaard K, Niels Bang C, et al. Severe mental illness 
is associated with increased mortality and severe course of 
COVID-19. Acta Psychiatr Scand. 2021;144:82–91.  
https://doi.org/10.1111/acps.13309

  2. Fond G, Nemani K, Etchecopar-Etchart D, Loundou A, 
Goff DC, Lee SW, et al. Association between mental health 
disorders and mortality among patients with COVID-19 in 
7 countries: a systematic review and meta-analysis. JAMA 
Psychiatry. 2021;78:1208–17. https://doi.org/10.1001/ 
jamapsychiatry.2021.2274

  3. Premier Applied Sciences. Premier Healthcare Database 
white paper: data that informs and performs. 2020 [cited 2021 
July 14]. http://offers.premierinc.com/rs/381-NBB-525/ 
images/PHD_COVID-19_White_Paper.pdf

  4. Moore BJ, White S, Washington R, Coenen N, Elixhauser A. 
Identifying increased risk of readmission and in-hospital 
mortality using hospital administrative data: the AHRQ 
Elixhauser Comorbidity Index. Med Care. 2017;55:698–705. 
https://doi.org/10.1097/MLR.0000000000000735

  5. Castro VM, Gunning FM, McCoy TH, Perlis RH. Mood  
disorders and outcomes of COVID-19 hospitalizations.  
Am J Psychiatry. 2021;178:541–7. https://doi.org/10.1176/
appi.ajp.2020.20060842

  6. Cummins L, Ebyarimpa I, Cheetham N, Tzortziou Brown V, 
Brennan K, Panovska-Griffiths J. Factors associated with 
COVID-19 related hospitalisation, critical care admission 
and mortality using linked primary and secondary care data. 
Influenza Other Respir Viruses. 2021;15:577–88.  
https://doi.org/10.1111/irv.12864

  7. Coughlin SS. Anxiety and depression: linkages with viral 
diseases. Public Health Rev. 2012;34:7. https://doi.org/ 
10.1007/BF03391675

  8. Jansen L, van Schijndel M, van Waarde J, van Busschbach J. 
Health-economic outcomes in hospital patients with  
medical-psychiatric comorbidity: a systematic review and 
meta-analysis. PLoS One. 2018;13:e0194029. https://doi.org/ 
10.1371/journal.pone.0194029

  9. Ronaldson A, Elton L, Jayakumar S, Jieman A, Halvorsrud K, 
Bhui K. Severe mental illness and health service utilisation 
for nonpsychiatric medical disorders: a systematic review 
and meta-analysis. PLoS Med. 2020;17:e1003284.  
https://doi.org/10.1371/journal.pmed.1003284

Address for correspondence: Alain K. Koyama, Centers for 
Disease Control and Prevention, 4770 Buford Hwy NE,  
MS-S107-3, Atlanta, GA 30341, USA; email: akoyama@cdc.gov



 

Page 1 of 2 

Article DOI: http://doi.org/10.3201/eid2807.212208 

Mental Health Conditions and Severe 
COVID-19 Outcomes after Hospitalization, 

United States 
Appendix 

 
 
 
Appendix Table 1. Outcomes of hospitalized COVID-19 patients, by mental health condition diagnosis, in the Premier Healthcare 
Database Special COVID-19 Release, March 2020-July 2021 (n = 664,956) 

Outcome          

Number of Cases, n (%) 
Anxiety, n = 

 114,902 
Depression, n = 

96,167 
Bipolar, n = 

15,370 
Schizophrenia, n 

= 12,304 
No MHC, n = 

485,784 
ICU Admission 59,349 (51.7%) 45,943 (47.8%) 7,111 (46.3%) 5,811 (47.2%) 219,281 (45.1%) 
Invasive Mechanical Ventilation 20,312 (17.7%) 13,841 (14.4%) 2,241 (14.6%) 2,104 (17.1%) 63,940 (13.2%) 
30-Day Readmission 9,840 (8.6%) 9,218 (9.6%) 1,527 (9.9%) 1,201 (9.8%) 29,724 (6.1%) 
In-Hospital Mortality 17,873 (15.6%) 13,303 (13.8%) 1,720 (11.2%) 1,780 (14.5%) 61,375 (12.6%) 
Length of Stay, days, mean (SD) 10.3 (12.3) 9.4 (11.6) 9.2 (11.7) 10.6 (13.3) 7.7 (9.0) 
Abbreviations: ICU = intensive care unit, MHC = mental health condition, SD = standard deviation. 

 

 
Appendix Table 2. Regression equations used for inferential analyses. 
Outcome: ICU Admission, Invasive Mechanical Ventilation, 30-Day Readmission, In-Hospital Mortality (logistic regression) 
 Unadjusted Model: 𝑙𝑙𝑙𝑙 � 𝑝𝑝𝑖𝑖

1−𝑝𝑝𝑖𝑖
� = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋1𝑖𝑖 + 𝜀𝜀𝑖𝑖 

 Adjusted Model: 𝑙𝑙𝑙𝑙 � 𝑝𝑝𝑖𝑖
1−𝑝𝑝𝑖𝑖

� = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋1𝑖𝑖 + 𝛽𝛽2𝑋𝑋2𝑖𝑖 + 𝛽𝛽3𝑋𝑋3𝑖𝑖 + 𝛽𝛽4𝑋𝑋4𝑖𝑖 + 𝛽𝛽5𝑋𝑋5𝑖𝑖 + 𝛽𝛽5𝑋𝑋5𝑖𝑖 + 𝛽𝛽6𝑋𝑋6𝑖𝑖 + 𝛽𝛽7𝑋𝑋7𝑖𝑖 + 𝛽𝛽8𝑋𝑋8𝑖𝑖 + 𝛽𝛽9𝑋𝑋9𝑖𝑖 + 𝜀𝜀𝑖𝑖 
Outcome: Length of Stay (Poisson regression) 
 Unadjusted Model: 𝑙𝑙𝑙𝑙(𝜆𝜆𝑖𝑖) = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋1𝑖𝑖 + 𝜀𝜀𝑖𝑖 
 Adjusted Model: 𝑙𝑙𝑙𝑙(𝜆𝜆𝑖𝑖) = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋1𝑖𝑖 + 𝛽𝛽2𝑋𝑋2𝑖𝑖 + 𝛽𝛽3𝑋𝑋3𝑖𝑖 + 𝛽𝛽4𝑋𝑋4𝑖𝑖 + 𝛽𝛽5𝑋𝑋5𝑖𝑖 + 𝛽𝛽5𝑋𝑋5𝑖𝑖 + 𝛽𝛽6𝑋𝑋6𝑖𝑖 + 𝛽𝛽7𝑋𝑋7𝑖𝑖 + 𝛽𝛽8𝑋𝑋8𝑖𝑖 + 𝛽𝛽9𝑋𝑋9𝑖𝑖 + 𝜀𝜀𝑖𝑖 
  X1 = mental health condition 
  X2 = age 
  X3 = sex 
  X4 = race/ethnicity 
  X5 = insurance type 
  X6 = admission month 
  X7 = urbanicity 
  X8 = U.S. Census Division region 
  X9 = Elixhauser Comorbidity Index 
All regression analyses use mixed-effects models with a random intercept and variance components covariance structure, using the PROC GLIMMIX 
function in SAS 9.4. 
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Appendix Figure. Unadjusted odds ratios for outcomes of hospitalized COVID-19 patients by mental 

health condition diagnosis compared to patients without any mental health condition diagnoses in the 

Premier Healthcare Database Special COVID-19 Release, March 2020-July 2021 (n = 664,956). For each 

condition, odds ratios represent the odds of the given outcome for patients with the condition compared to 

patients without any mental health conditions. For length of stay, percents represent the percent 

difference in length of stay for patients with the condition compared to patients without any mental health 

conditions. Bolded values indicate statistical significance (two-sided α = 0.05), adjusted for multiple 

comparisons using the Bonferroni-Holm method. 


