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Comorbid medical conditions are a key factor to understand
the relationship between psychiatric disorders and COVID-19-
related mortality: Results from 49,089 COVID-19 inpatients
Nicolas Hoertel 1,2,3✉, Marina Sánchez-Rico 1,4, Juan José Herrera-Morueco1,4, Pedro de la Muela1,4, Erich Gulbins5,
Johannes Kornhuber 6, Alexander Carpinteiro5,7, Katrin Anne Becker5, Céline Cougoule8, Frédéric Limosin 1,2,3 and On behalf of AP-
HP/Université de Paris/INSERM COVID-19 Research Collaboration/AP-HP COVID CDR Initiative/“Entrepôt de Données de Santé” AP-HP
Consortium

© The Author(s), under exclusive licence to Springer Nature Limited 2021

Molecular Psychiatry (2022) 27:1278–1280; https://doi.org/10.1038/s41380-021-01393-7

Results from the recently published meta-analysis by Vai et al. [1].
indicate that psychiatric disorders may be associated with an
increased risk of death after SARS-CoV-2 infection (pooled
unadjusted OR= 2.00, 95%CI= 1.58–2.54; 23 studies including
43,938 participants with any psychiatric disorder and 1,425,793
control participants). These findings suggest that psychiatric
disorders per se may be risk factors of death in COVID-19.
However, a critical limitation for interpreting these findings is that
only 9 of 23 studies included in that meta-analysis adjusted for a
limited number of comorbid medical conditions. Because
comorbid medical illnesses are more prevalent in people with
psychiatric disorders than in the general population [2] and are
associated with increased risk of COVID-19-related mortality [3, 4],
this suggests that the association between psychiatric disorders
and increased mortality in patients with COVID-19 may be
confounded by medical comorbidities.
To examine the potential influence of comorbid medical conditions

in the relationship between psychiatric disorders and risk of COVID-
19-related mortality, we examined the association between an
International Classification of Diseases, Tenth Revision (ICD-10)
diagnosis of psychiatric disorder (F01-F99) and mortality in a large
multicenter retrospective observational study of patients hospitalized
in Greater Paris University hospitals for laboratory-confirmed COVID-
19 between January 24th, 2020, and May 1st, 2021.
Study design and ethical approval are detailed elsewhere [5–7].

A study flowchart is provided in Supplementary Fig. 1. Multi-
variable logistic regression models adjusting successively for age,
sex, hospital, period of hospitalization, current hospitalization
status, and number of ICD-10 medical conditions were used. We
also performed sensitivity analyses. First, we reproduced the
analyses while adjusting for the Elixhauser Comorbidity Index (ECI)
instead of the number of ICD-10 medical conditions. This index is a
method of categorizing comorbidities of patients based on ICD-10

diagnosis codes in which each comorbidity category is dichot-
omous, i.e. either present or not present. It was initially designed
to predict hospital resource use and in-hospital mortality [8].
Second, to assess the potential effect of unmeasured confound-
ing, we computed E-values [9]. The E-value quantifies the
minimum strength of association that an unmeasured confounder
must have with both the predictor and the outcome, while
simultaneously considering the measured covariates, to negate
the observed association [9]. The lowest possible E-value is 1 (i.e.,
no unmeasured confounding is needed to explain away the
observed association).
Of 49,089 adult patients hospitalized for COVID-19, 3768 (7.7%)

had an ICD-10 diagnosis of psychiatric disorder. Distributions of
age, sex, hospital, period of hospitalization, current hospitalization
status, and medical comorbidities according to a psychiatric
disorder diagnosis, and their associations with mortality are
detailed in Supplementary Tables 1–3 and Supplementary Fig. 2.
During a median follow-up period of 45 days (SD= 122.1), death
occurred in 1001 of 3768 (26.6%) patients with a psychiatric
disorder diagnosis versus 3,780 of 45,321 (8.3%) in patients
without this diagnosis (OR= 3.98; 95%CI= 3.67–4.31; p < 0.001).
Similar to the results of Vai et al [1], this association remained
significant but was substantially reduced when adjusting for age
and sex (AOR= 1.71; 95%CI= 1.57–1.86; p < 0.001; degrees of
freedom (df)= 7). Additional adjustment for hospital, period of
hospitalization, and current hospitalization did not alter the
significance of the association (AOR= 1.35; 95%CI= 1.24–1.48; p
< 0.001; df= 10). However, when further adjusting for the number
of medical conditions, this association was significant and
reversed (AOR= 0.87; 95%CI= 0.79–0.96; p= 0.005; df= 12)
(Fig. 1; Supplementary Table 4).
The main results were not substantially modified when

adjusting for the Elixhauser Comorbidity Index instead of the
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number of medical conditions, nor when considering the
composite outcome of intubation or death instead of mortality
(Fig. 1, Supplementary Tables 4 and 5). In the main fully-adjusted
model, the E-value was 1.59, with a lower limit of the 95%
confidence interval (95%CI) closest to the null point of 1.25,
indicating that substantial unmeasured confounding would be
required to “explain away” the negative association found
between any psychiatric disorder and the outcome. Similarly, in
the fully-adjusted model including the Elixhauser Comorbidity
Index, the E-value was 1.46, with a lower limit of the 95%CI of 1.11.
Our study has several limitations. First, an inherent bias in

observational studies is unmeasured confounding. To try to
minimize the effects of confounding, we performed the analyses
while adjusting for several known confounders and did an e-value
analysis. However, data on several potential confounders, includ-
ing baseline severity of SARS-CoV-2 infection, treatments that
patients received, and certain sociodemographic characteristics,
such as socioeconomic status, were not available for most patients
included in these analyses. Second, there is a potential under-
reporting of psychiatric disorders and medical comorbidities in
our sample in a context of overwhelmed hospital units during the
peak incidences. Third, diagnoses of psychiatric disorders were
based on ICD-10 diagnosis codes and not ascertained by
psychiatrists. Finally, despite the multicenter design, our results
may not be generalizable to outpatients and other countries.
Despite these limitations, our results suggest that among

patients hospitalized for COVID-19, those with psychiatric
disorders have increased risk of death, which could be explained
by their greater number of medical conditions. In addition, by
suggesting a possible negative association after adjusting for age,
sex, comorbid medical disorders, hospital, period of hospitaliza-
tion, and current hospitalization, our findings might help
reconciliate findings from Vai et al. [1]. and recent in-vitro [10],
observational [5, 6], and clinical ones [11, 12], including the
preliminary findings from the TOGETHER trial [13], suggesting that
certain antidepressants, such as fluvoxamine and fluoxetine, could
be beneficial against COVID-19 [14]. Biological mechanisms that
may contribute to this potential effect include functional
inhibition of the acid sphingomyelinase/ceramide system
[14, 15], agonist effect for Sigma-1 receptors [16], reduction in
platelet aggregation, decreased mast cell degranulation, and
interference with endolysosomal viral trafficking [16].

Our findings support that individuals suffering from both
psychiatric disorders and comorbid medical conditions should
be vaccinated against COVID-19 and benefit from prevention and
treatment of medical risk factors of severe COVID-19 as a priority.
Future studies taking into account main medical risk factors of
severe COVID-19, i.e. age and all medical comorbidities, will be
important to determine whether the risk of COVID-19-related
mortality is similar or different across psychiatric diagnoses and
psychotropic medications prescribed.

DATA AVAILABILITY
Data from the AP-HP Health Data Warehouse can be obtained upon request at
https://eds.aphp.fr//.
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Fig. 1 Association between an ICD-10 diagnosis of psychiatric disorder and mortality among 49,089 adult patients hospitalized for
laboratory-confirmed COVID-19. Crude: unadjusted model; Model 1: adjusted for sex and age [df= 7; all GVIF(1/(2*df ) < 1.3]; Model 2: adjusted
for sex, age, hospital, period of hospitalization, and current hospitalization status [df= 10; all GVIF(1/(2*df ) < 1.2]; Model 3: adjusted for sex, age,
hospital, period of hospitalization, current hospitalization status, and number of medical conditions [df= 12; all GVIF(1/(2*df) < 1.3]; Model 4:
adjusted for sex, age, hospital, period of hospitalization, current hospitalization status, and the Elixhauser Comorbidity Index [df= 15; all
GVIF(1/(2*df ) < 1.5]. *Two-sided p value is significant (p < 0.05). ***Two-sided p value is significant (p < 0.001). OR odds ratio, CI confidence
interval, df degrees of freedom, GVIF generalized variance inflation factor.
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