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Abstract

Background

Meta-analyses have shown that preexisting mental disorders may increase serious Corona-
virus Disease 2019 (COVID-19) outcomes, especially mortality. However, most studies
were conducted during the first months of the pandemic, were inconclusive for several cate-
gories of mental disorders, and not fully controlled for potential confounders. Our study
objectives were to assess independent associations between various categories of mental
disorders and COVID-19-related mortality in a nationwide sample of COVID-19 inpatients
discharged over 18 months and the potential role of salvage therapy triage to explain these
associations.

Methods and findings

We analysed a nationwide retrospective cohort of all adult inpatients discharged with symp-
tomatic COVID-19 between February 24, 2020 and August 28, 2021 in mainland France.
The primary exposure was preexisting mental disorders assessed from all discharge infor-
mation recorded over the last 9 years (dementia, depression, anxiety disorders, schizophre-
nia, alcohol use disorders, opioid use disorders, Down syndrome, other learning disabilities,
and other disorder requiring psychiatric ward admission). The main outcomes were all-
cause mortality and access to salvage therapy (intensive-care unit admission or life-saving
respiratory support) assessed at 120 days after recorded COVID-19 diagnosis at hospital.
Independent associations were analysed in multivariate logistic models.
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Of 465,750 inpatients with symptomatic COVID-19, 153,870 (33.0%) were recorded with
a history of mental disorders. Almost all categories of mental disorders were independently
associated with higher mortality risks (except opioid use disorders) and lower salvage ther-
apy rates (except opioid use disorders and Down syndrome). After taking into account the
mortality risk predicted at baseline from patient vulnerability (including older age and severe
somatic comorbidities), excess mortality risks due to caseload surges in hospitals were
+5.0% (95% confidence interval (Cl), 4.7 to 5.2) in patients without mental disorders (for a
predicted risk of 13.3% [95% ClI, 13.2 to 13.4] at baseline) and significantly higher in patients
with mental disorders (+9.3% [95% Cl, 8.9 to 9.8] for a predicted risk of 21.2% [95% Cl, 21.0
to 21.4] at baseline). In contrast, salvage therapy rates were significantly higher than
expected in patients without mental disorders (+4.2% [95% Cl, 3.8 to 4.5]) and lower in
patients with mental disorders (-4.1% [95% ClI, —4.4; -3.7]).

The main limitations of our study point to the assessment of COVID-19-related mortality
at 120 days and potential coding bias of medical information recorded in hospital claims
data, although the main study findings were consistently reproduced in multiple sensitivity
analyses.

Conclusions

COVID-19 patients with mental disorders had lower odds of accessing salvage therapy,
suggesting that life-saving measures at French hospitals were disproportionately denied to
patients with mental disorders in this exceptional context.

Author summary

Why was this study done?

o Systematic reviews and meta-analyses of previous studies suggest that mental disorders
are associated with higher mortality risk in Coronavirus Disease 2019 (COVID-19)
patients.

» However, evidence remains limited to the first months of the pandemic, the community
setting, and 2 categories of mental disorders (mood disorders and schizophrenia).

o There is no obvious explanation for the relationship, although the potential role of
COVID-19 caseload surges in hospitals that impacted triage decisions for life-saving
measures has not been fully explored.

What did the researchers do and find?

o We examined the associations between various categories of mental disorders and mor-
tality among all inpatients discharged with symptomatic COVID-19 in mainland
France, controlling not only for sociodemographic variables and multiple somatic con-
ditions, but also for pandemic periods over 18 months.

« Of 465,750 inpatients discharged with symptomatic COVID-19, 153,870 (33.0%) were
recorded with preexisting mental disorders over the last 9 years.
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« We found independent associations of almost all categories of mental disorders with
higher mortality risks in COVID-19 inpatients (dementia, depression, anxiety disorders,
schizophrenia, alcohol use disorders, Down syndrome, other learning disabilities, and
other disorder requiring psychiatric ward admission).

o COVID-19 caseload surges in hospitals were negatively associated with individual prog-
nosis, although patients with preexisting mental disorders were disproportionately
affected compared to others and identified in about 14,300 (48.0%) of 47,000 deaths that
may have been avoided without caseload surges in hospitals.

In contrast, the rates of salvage therapy were generally lower than expected in patients
with preexisting mental disorders compared to others (—4.1% [95% confidence interval
(CI), —4.4; -3.7] versus +4.2% [95% ClI, 3.8 to 4.5], respectively), except in the last 2 pan-
demic periods (weeks 20 to 34 of 2021).

What do these findings mean?

« The higher mortality risk for COVID-19 patients with mental disorders raises major
ethical issues as it seems this patient group was disproportionately denied life-saving
measures at hospital.

o The stability of the study findings should be examined in other jurisdictions.

Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic may have caused more than 18 million
deaths globally in 2020 and 2021 [1]. Risk factors for serious COVID-19 outcomes are older
age, male sex, deprivation, and preexisting somatic conditions [2-4]. Preexisting mental disor-
ders also seem to increase the risk of serious COVID-19 outcomes, especially mortality [5,6].
In one meta-analysis based on 11 cross-sectional and longitudinal studies including 204,251
COVID-19 patients, the pooled adjusted odds ratio (OR) of COVID-19-related mortality for
any mental disorder was 1.31 (95% confidence interval (CI), 1.13 to 1.52) [5]. Similar results
were found in another meta-analysis relying on 16 population-based cohort studies using
medico-administrative or electronic health records databases (pooled adjusted OR: 1.38 [95%
CL, 1.15 to 1.65]) [6].

However, most studies were conducted during the first wave of the COVID-19 pandemic,
with potential bias due to higher COVID-19-related mortality risk [7-9]. In addition, study
results were heterogeneous regarding the study setting, scope, and definition of mental disor-
ders [5,6]. Most studies were conducted in the community, and subgroup analyses were incon-
clusive at hospital [5]. The association found between any mental disorder and COVID-
19-related mortality was primarily driven by mood disorders and schizophrenia, while sub-
group analyses were inconclusive for other categories of mental disorders [5,6]. Most impor-
tantly, there was inconsistent and often insufficient adjustment made for potential
confounders [5]. As mental disorders are associated with risk factors for serious COVID-19
outcomes including somatic conditions [10-12], it is not clear if the association found between
preexisting mental disorders and COVID-19-related mortality was due to unmeasured con-
founding [13].
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In this study, we aimed at assessing the association between preexisting mental disorders
and COVID-19-related mortality, while addressing previous shortcomings with use of the
French National Hospital Discharge database [14]. First, we were able to examine the impact
of different COVID-19 wave periods in mainland France up to August 2021 with follow-up
until December 2021. Second, since the hospital database comprises all patients discharged
with a COVID-19 diagnosis in mainland France, our results are representative for this region,
and the sample size was sufficient to detect small effect sizes for various categories of mental
disorders. Third, with all hospital data available over the last 9 years for each patient, we were
able to adjust the study findings for multiple potential confounders. Finally, there is no obvious
explanation for the association of preexisting mental disorders with COVID-19-related mor-
tality that has been attributed to barriers to care, social and lifestyle factors, higher rates of
somatic conditions, or biological processes [5,6]. In this study, we assumed that COVID-19
caseload surges in hospitals impacted triage decisions for life-saving measures and we assessed
whether COVID-19 patients with preexisting mental disorders had lower chances to access sal-
vage therapy (intensive-care unit admission or life-saving respiratory support) compared to
others.

Methods
Study design

The data source was the French National Hospital Discharge database (Programme de Médi-
calisation des Systémes d’Information [PMSI]), which contains all public and private claims
for acute hospital admissions, post-acute, and psychiatric care on a 10-year rolling basis. The
standardised discharge summary includes: patient demographics (sex, age at entry, postal code
of residency); primary and associated discharge diagnosis codes according to the WHO Inter-
national Classification of Diseases, 10th revision, French version (ICD-10-FR); medical proce-
dures performed; entry and discharge dates and modes (including in-hospital death). Using
unique anonymous identifiers based on encrypted Social Security numbers, the hospital trajec-
tory of each selected patient can be traced over time [14,15].

We included all adult patients aged 18 years and older, residing in mainland France, who
were discharged from acute hospitals with a COVID-19 diagnosis record (ICD-10-FR: U07.10,
U07.11, U.07.12, U07.14, U07.15, U10.9) between February 24, 2020 and August 28, 2021. We
excluded all patients discharged alive after day-case admission (i.e., at lower mortality risk) or
recorded with asymptomatic Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection (U07.12) (i.e., at mortality risk unrelated to COVID-19). The full coding dictionary of
the study is provided with supporting references in Appendix A in S1 Text.

Data management and secondary analyses of the National Hospital Discharge database
were performed in accordance with French laws for this type of research studies (reference
methodology MR-005) [16]. Accordingly, the protocol of this study was submitted to the
Health Data Hub (registration number F20220215185433 delivered on 02/15/2022, available
in French language at https://www.health-data-hub.fr/projets/fard-oh). The approval of an
Institutional Review Board was not required because hospital discharge data are fully anony-
mous. For the same reason, informed consent is not possible and not required. The study com-
plies with the RECORD statement (Appendix B in S1 Text) [17].

Procedures

To limit ascertainment bias of COVID-19-related mortality at first acute hospital dis-
charge, all patients were followed over 120 days after the first date of recorded COVID-19
diagnosis (i.e., patients first recorded with COVID-19 on August 28, 2021 were followed
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until December 27, 2021), and all-cause mortality was assessed from all acute, post-acute,
and psychiatric hospitals [18]. To take into account life-saving respiratory support that
may have been performed outside intensive-care units and evolving medical procedures,
we assessed salvage therapy by the first record of intensive-care unit admission, extracor-
poreal membrane oxygenation, invasive mechanical respiratory support, or continuous
positive airway pressure therapy over the follow-up period [19].

To assess the effects of COVID-19 caseload surges in hospitals on individual prognosis
[7-9], we defined wave periods according to official epidemiological reports [20] and the
admission of at least 3,500 new inpatients per week in the study sample. Accordingly, we con-
sidered 4 wave periods (first: weeks 11 to 19 of 2020; second: weeks 37 of 2020 to 8 of 2021;
third: weeks 9 to 19 in 2021; fourth: weeks 31 to 34 in 2021) and 2 inter-wave periods (first:
weeks 20 to 36 of 2020; second: weeks 20 to 30 of 2021).

Sociodemographic prognostic factors included [2-4]: sex, age assessed in 5-year categories
(less than 30; 30 to 34;. .. 85 to 89; 90 or more), area deprivation index quintile with use of a
validated index computed for the 5,645 postal codes of residency in mainland France (FDep
2015) [21], and 5 main French regions as Ile-de-France and North-East regions were more
severely hit during the first wave of the pandemic [22].

Other individual prognostic factors were assessed at the first date of recorded COVID-19
diagnosis at hospital with use of all discharge information recorded in all French hospitals over
the last 9 years. We identified preexisting mental disorders based on previous meta-analyses
[5,6] with use of 8 non-mutually exclusive categories (dementia, depression, anxiety disorders,
schizophrenia, alcohol use disorders, opioid use disorders, Down syndrome, and other learn-
ing disabilities) and other disorder requiring psychiatric ward admission.

Risk factors identified early on for severe COVID-19 were tobacco smoking, obesity, hyper-
tension, and diabetes [23]. Severe somatic conditions were assessed with the Charlson Comor-
bidity Index considering only comorbidities that were independently associated with
prognostic outcome in the French National Hospital Discharge database (congestive heart fail-
ure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, hemiple-
gia, liver disease, renal disease, solid tumour, haematological malignancy, AIDS) [24].
Transplant recipients were also identified [2,3]. To limit residual confounding from multiple
other severe somatic conditions [2-4], we assessed the delay between the latest acute hospital
discharge for any reason other than pregnancy and psychiatry and first COVID-19 diagnosis
record: SARS-CoV-2 infection during hospital care (i.e., first COVID-19 diagnosis recorded
after hospital entry for another reason), previous discharge in the last 3 months, 4 to 12
months, 2 to 3 years, or 4 to 9 years, and no previous admission in the last 9 years.

Statistical procedures

The independent associations of each category of mental disorder with all-cause mortality or
access to salvage therapy were estimated in 2 multivariate logistic models adjusting for all
prognostic factors without variable selection. The robustness of associations with all-cause
mortality was further assessed considering salvage therapy simultaneously. In a first sensitivity
analysis, we assessed independent associations with all-cause mortality depending on access to
salvage therapy using a simultaneous probit multivariate model with 3 dependent variables
(access to salvage therapy, mortality with salvage therapy, and mortality without salvage ther-
apy) and joint estimation to control for unobserved heterogeneity and omitted variable bias
[25,26]. In response to the peer review process, we conducted a second sensitivity analysis to
assess the direct effect of each category of mental disorder on all-cause mortality that is not
due to mediation or interaction with salvage therapy (so-called “controlled direct effect”)
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using a series of causal mediation analyses adjusting for all other prognostic factors and assum-
ing no unobserved confounding factors [27,28].

In a second set of analyses, we aimed at further disentangling the effects of patient vulnera-
bility and COVID-19 caseload surges in hospitals on the outcomes of COVID-19 inpatients
with preexisting mental disorders. Based on the first set of analyses, we first considered
patients without mental disorders admitted during the first inter-wave period as a reference
group with the best prognostic outcomes. Then, we relied on this reference group to predict
the mortality risk expected in each patient group defined by mental disorder status and pan-
demic period with use of a multivariate logistic model (after excluding preexisting mental dis-
order and period covariates) [29-31]. The comparison of mortality risks predicted at baseline
across patient groups allows assessing the effect on all-cause mortality of patient case-mix and
latent vulnerability level as defined by all covariates other than preexisting mental disorder and
pandemic period. Finally, we computed the excess mortality risk in each patient group as the
difference between observed and predicted mortality risks. The comparison of excess mortality
risks between patients with and without mental disorders by pandemic period allows assessing
the effect of COVID-19 caseload surges in hospitals in each patient group, irrespective of the
mortality risk predicted at baseline. This approach was similarly followed to assess potential
gaps in salvage therapy.

To ascertain excess mortality risks and gaps in salvage therapy, we did several subgroup
analyses (18 to 64 or 65 years and above; each category of mental disorder) and sensitivity anal-
yses depending on COVID-19 case definition (selection of inpatients with COVID-19 respira-
tory symptoms or admitted for symptomatic COVID-19 [i.e., exclusion of inpatients with
SARS-CoV-2 infection during hospital care]), salvage therapy definition (selection of admis-
sions to intensive-care units), or censoring date (28 days after the date of recorded COVID-19
diagnosis at hospital or at first acute hospital discharge including all inter-hospital transfers
during the same course of acute hospital care).

All analyses were done with SAS (version 9.4) including PROC QLIM (simultaneous probit
multivariate model) and PROC CAUSALMED (causal mediation analyses).

Results

Between February 24, 2020 and August 28,2021, 558,323 adults residing in mainland France
were discharged with a COVID-19 diagnosis record from all acute hospitals. After excluding
52,009 (9.3%) patients discharged alive after day-case admission and 40,564 (7.3%) recorded
with asymptomatic SARS-CoV-2 infection, 465,750 inpatients with symptomatic COVID-19
were followed in the study cohort.

The burden of the COVID-19 pandemic on French acute hospitals was marked by 4 wave
periods (Fig 1), while patient characteristics varied across periods (Table A in S1 Text).
Median (interquartile range) age increased from the first (72 [58 to 84] years) to the second
wave period (75 [62 to 85] years) in 2020 and then decreased in 2021, potentially in relation to
COVID-19 vaccination uptake (third and fourth wave periods: 68 [55 to 80] and 62 [47 to 77]
years, respectively) (P < 0.001). Similarly, the bulk of patients recorded with histories of men-
tal disorders (33.0%), risk factors for severe COVID-19 (72.4%), severe somatic conditions
(57.1%), and acute hospital admission (83.8%) decreased in 2021 (all P < 0.001).

A total of 103,890 (22.3%) inpatients died within 120 days after the first date of COVID-19
diagnosis record (Table 1). All other things being equal, the first inter-wave period was associ-
ated with the lowest mortality risk compared to other pandemic periods (P < 0.001). Age was
strongly associated with higher mortality risk (P < 0.001). Except for opioid use disorders,
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Fig 1. Burden of COVID-19 pandemic on French acute hospitals over 18 months (n = 465,750).

https://doi.org/10.1371/journal.pmed.1004134.9001

each category of mental disorder was independently associated with higher mortality risk (all

P <0.05).

A total 0f 92,986 (20.0%) inpatients had access to salvage therapy (Table 2). All other things
being equal, the rate of salvage therapy increased over the study period (P < 0.001). Age was
strongly associated with salvage therapy in an inverted-U shaped relationship peaking at 65 to
69 years (P < 0.001). Except for opioid use disorders and Down syndrome, each category of
mental disorder was independently associated with a lower rate of salvage therapy (all

P <0.01).

Independent associations of preexisting mental disorders with higher mortality risk were
similarly found in 2 sensitivity analyses considering salvage therapy simultaneously. Except for
opioid use disorders, most categories of mental disorders were independently associated with
higher mortality risk in patients with or without salvage therapy in a simultaneous multivariate
probit model (Tables B and C in S1 Text). Except for opioid use disorders, each category of
mental disorders had a direct effect on higher mortality risk that is not due to mediation or
interaction with salvage therapy in a causal mediation analysis (Table D in S1 Text). However,

both sensitivity analyses pointed to unobserved confounding factors associated with a higher
access to salvage therapy in patients with better prognosis, all other observed factors being

equal.

COVID-19 caseload surges in hospitals were negatively associated with individual progno-
sis (Table 1). Compared to the first inter-wave period, patients without mental disorders had a
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Table 1. Risk factors for 120-day mortality of inpatients with symptomatic COVID-19 in France.

Risk factors All patients (%) 120-day mortality (%) | Adjusted OR (95% CI) | p-value
465,750 (100.0) 103,890 (22.3)

COVID-19 pandemic period

First wave (2020 weeks 11-19) 99,633 (21.4) 23,006 (23.1) 1.29 (1.24-1.33) <0.001

First inter-wave (2020 weeks 20-36) 31,840 (6.8) 5,873 (18.4) 1

Second wave (2020 week 37-2021 week 8) 202,771 (43.5) 51,382 (25.3) 1.34 (1.29-1.38)

Third wave (2021 weeks 9-19) 99,430 (21.3) 18,876 (19.0) 1.33 (1.28-1.38)

Second inter-wave (2021 weeks 20-30) 17,352 (3.7) 2,423 (14.0) 1.19 (1.12-1.26)

Fourth wave (2021 weeks 31-34) 14,724 (3.2) 2,330 (15.8) 1.44 (1.35-1.53)
COVID-19 with respiratory symptoms 371,016 (79.7) 87,114 (23.5) 2.55(2.49-2.61) <0.001
COVID-19-related multisystem inflammatory syndrome 110,785 (23.8) 27,599 (24.9) 1.70 (1.66-1.73) <0.001
Male 251,360 (54.0) 60,080 (23.9) 1.44 (1.42-1.47) <0.001
Age, median (IQR) years 72 (58-84) 82 (73-89)

>90 years 50,512 (10.8) 22,261 (44.1) 53.23 (44.93-63.07) <0.001

85-89 years 56,848 (12.2) 21,819 (38.4) 38.27 (32.30-45.33)

80-84 years 52,601 (11.3) 17,576 (33.4) 28.73 (24.26-34.03)

75-79 years 45,120 (9.7) 12,302 (27.3) 19.76 (16.68-23.41)

70-74 years 52,002 (11.2) 11,348 (21.8) 14.32 (12.09-16.97)

65-69 years 44,076 (9.5) 7,703 (17.5) 10.80 (9.11-12.80)

60-64 years 37,901 (8.1) 4,729 (12.5) 7.58(6.39-8.99)

55-59 years 33,255 (7.1) 2,809 (8.4) 5.30 (4.46-6.29)

50-54 years 26,336 (5.7) 1,593 (6.0) 3.90 (3.27-4.65)

45-49 years 19,896 (4.3) 826 (4.2) 2.79(2.33-3.35)

40-44 years 13,792 (3.0) 404 (2.9) 2.07 (1.70-2.52)

35-39 years 11,438 (2.5) 241 (2.1) 1.58 (1.28-1.95)

30-34 years 9,508 (2.0) 139 (1.5) 1.19 (0.93-1.50)

18-29 years 12,465 (2.7) 140 (1.1) 1

Area deprivation index quintile

FDeP 5 (most deprived) 114,480 (24.6) 26,279 (23.0) 1.23 (1.20-1.26) <0.001
FDeP 4 92,877 (19.9) 21,329 (23.0) 1.17 (1.14-1.20)
FDeP 3 85,390 (18.3) 19,012 (22.3) 1.15(1.12-1.19)
FDep 2 84,253 (18.1) 18,175 (21.6) 1.13 (1.10-1.16)
FDep 1 (least deprived) 88,750 (19.1) 19,095 (21.5) 1
Residency in mainland France
North-East region 121,912 (26.2) 30,090 (24.7) 0.97 (0.95-1.00) <0.001
North-West region 74,331 (16.0) 16,201 (21.8) 0.81 (0.79-0.83)
South-East region 126,423 (27.1) 27,659 (21.9) 0.85 (0.83-0.87)
South-West region 34,205 (7.3) 7,190 (21.0) 0.80 (0.77-0.83)
Ile-de-France region 108,879 (23.4) 22,750 (20.9) 1
Any preexisting mental disorder 153,870 (33.0) 46,983 (30.5)
Dementia 67,539 (14.5) 24,034 (35.6) 1.03 (1.01-1.05) 0.014
Depression 49,420 (10.6) 15,273 (30.9) 1.07 (1.04-1.10) <0.001
Anxiety disorders 46,039 (9.9) 14,611 (31.7) 1.04 (1.01-1.07) 0.018
Schizophrenia 13,400 (2.9) 3,149 (23.5) 1.15(1.10-1.21) <0.001
Alcohol use disorders 36,509 (7.8) 9,695 (26.6) 1.15(1.12-1.19) <0.001
Opioid use disorders 3,088 (0.7) 547 (17.7) 0.96 (0.87-1.07) 0.50
Down syndrome 1,122 (0.2) 220 (19.6) 4.44 (3.79-5.20) <0.001
Other learning disabilities 5,077 (1.1) 948 (18.7) 1.74 (1.61-1.88) <0.001
(Continued)
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Table 1. (Continued)

Risk factors

Other disorder with psychiatric ward admission
Any risk factor for severe COVID-19
Tobacco smoking
Obesity (BMI > 30 kg/m?)
Hypertension
Diabetes mellitus
Any severe somatic comorbidity
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Chronic pulmonary disease
Hemiplegia
Moderate or severe liver disease
Mild liver disease
Moderate or severe renal disease
Metastatic solid tumour
Solid tumour without metastasis
Haematological malignancy
AIDS
Transplant recipient
Delay between the latest acute hospital discharge and first COVID-19 record
SARS-CoV-2 infection during hospital care
Previous discharge in the last 3 months
Previous discharge in the last 4-12 months
Previous discharge in the last 2-3 years
Previous discharge in the last 4-9 years

No previous admission in the last 9 years

All patients (%)
465,750 (100.0)
2,869 (0.6)
337,312 (72.4)
57,209 (12.3)
117,385 (25.2)
270,818 (58.1)
135,162 (29.0)
265,912 (57.1)
114,419 (24.6)
54,756 (11.8)
65,265 (14.0)
81,971 (17.6)
34,189 (7.3)
7,827 (1.7)
19,077 (4.1)
69,394 (14.9)
26,008 (5.6)
43,065 (9.2)
15,226 (3.3)
1,802 (0.4)
8,397 (1.8)

70,427 (15.1)
83,000 (17.8)
92,456 (19.9)
71,909 (15.4)
72,582 (15.6)
75,376 (16.2)

120-day mortality (%)

103,890 (22.3)
958 (33.4)
84,759 (25.1)
13,438 (23.5)
23,578 (20.1)
75,358 (27.8)
34,491 (25.5)
82,964 (31.2)
43,049 (37.6)
19,723 (36.0)
23,017 (35.3)
23,006 (28.1)
11,366 (33.2)
3,046 (38.9)
4,515 (23.7)
27,043 (39.0)
13,231 .(50.9)
13,663 (31.7)
6,044 (39.7)
265 (14.7)
2,109 (25.1)

25,714 (36.5)
25,530 (30.8)
18,363 (19.9)
15,891 (22.1)
11,752 (16.2)
6,640 (8.8)

Adjusted OR (95% CI)

1.26 (1.15-1.38)

1.00 (0.97-1.02)
0.93 (0.91-0.95)
0.83 (0.81-0.85)
1.03 (1.01-1.05)

1.39 (1.36-1.41)
1.12 (1.09-1.14)
1.11 (1.09-1.14)
1.03 (1.01-1.05)
1.29 (1.25-1.33)
2.45 (2.32-2.59)
1.17 (1.12-1.21)
1.30 (1.27-1.33)
4.55 (4.42-4.69)
1.25 (1.22-1.28)
1.80 (1.73-1.87)
1.05 (0.91-1.22)
1.19 (1.12-1.26)
1.97 (1.90-2.03)
1.51 (1.46-1.56)
1.11 (1.08-1.15)
1.12 (1.08-1.15)
1.10 (1.06-1.14)
1

p-value

<0.001

0.77
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
0.013
<0.001
<0.001

<0.001
<0.001

<0.001
0.48

<0.001

<0.001

Adjusted ORs and 95% CIs were estimated in multivariate logistic models without variable selection. For binary variables, the reference category is the absence of

hospital record (COVID-19 characteristics; each category of mental disorder, risk factors for severe COVID-19, or severe somatic comorbidities).

CI, confidence interval; COVID-19, Coronavirus Disease 2019; OR, odds ratio; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1004134.t001

significantly worse prognosis than expected in all other periods (Fig 2, comparison of first and
second blue bars). In patients without mental disorders, 15,513 (95% CI, 14,679 to 16,3477) of
56,907 COVID-19-related deaths may have been avoided overall without COVID-19 caseload
surges in hospitals (excess mortality risk of +5.0% [95% CI, 4.7 to 5.2] for a predicted risk of

13.3% [95% CI, 13.2 to 13.4] at baseline).

Patients with preexisting mental disorders were recorded with more prognostic factors for
COVID-19-related mortality than others (Tables E and F in S1 Text) that involved a worse
mortality risk predicted at baseline in all periods (Fig 2, comparison of first blue and first red
bars). COVID-19 caseload surges in hospitals were even more negatively associated with indi-
vidual prognosis in patients with mental disorders compared to others (Fig 2, comparison of
second blue and second red bars). In patients with mental disorders, 14,343 (95% CI, 13,622 to
15,064) of 46,983 COVID-19-related deaths may have been avoided overall without COVID-
19 caseload surges in hospitals (excess mortality risk of +9.3% [95% CI, 8.9 to 9.8] for a pre-
dicted risk of 21.2% [95% CI, 21.0 to 21.4] at baseline).
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Table 2. Risk factors for salvage therapy of inpatients with symptomatic COVID-19 in France.

Risk factors All patients (%) Salvage therapy (%) Adjusted OR (95% CI) p-value
465,750 (100.0) 92,986 (20.0)
COVID-19 pandemic period
First wave (2020 weeks 11-19) 99,633 (21.4) 19,276 (19.3) 0.93 (0.90-0.97) <0.001
First inter-wave (2020 weeks 20-36) 31,840 (6.8) 5,006 (15.7) 1
Second wave (2020 week 37-2021 week 8) 202,771 (43.5) 37,890 (18.7) 1.00 (0.96-1.03)
Third wave (2021 weeks 9-19) 99,430 (21.3) 23,278 (23.4) 1.13 (1.09-1.17)
Second inter-wave (2021 weeks 20-30) 17,352 (3.7) 3,835 (22:1) 1.17 (1.11-1.23)
Fourth wave (2021 weeks 31-34) 14,724 (3.2) 3,701 (25.1) 1.37 (1.30-1.45)
COVID-19 with respiratory symptoms 371,016 (79.7) 82,792 (22.3) 3.46 (3.36-3.55) <0.001
COVID-19-related multisystem inflammatory syndrome 110,785 (23.8) 25,930 (23.4) 2.25(2.20-2.29) <0.001
Male 251,360 (54.0) 61,029 (24.3) 1.50 (1.48-1.53) <0.001
Age, median (IQR) years 72 (58-84) 67 (56-74)
>90 years 50,512 (10.8) 1,787 (3.5) 0.23 (0.21-0.25) <0.001
85-89 years 56,848 (12.2) 3,900 (6.9) 0.42 (0.40-0.45)
80-84 years 52,601 (11.3) 6,649 (12.6) 0.77 (0.73-0.82)
75-79 years 45,120 (9.7) 10,555 (23.4) 1.47 (1.38-1.56)
70-74 years 52,002 (11.2) 15,172 (29.2) 1.88 (1.77-1.99)
65-69 years 44,076 (9.5) 14,026 (31.8) 2.07 (1.96-2.20)
60-64 years 37,901 (8.1) 11,609 (30.6) 1.96 (1.85-2.07)
55-59 years 33,255 (7.1) 9,265 (27.9) 1.72 (1.62-1.82)
50-54 years 26,336 (5.7) 6,948 (26.4) 1.60 (1.51-1.70)
45-49 years 19,896 (4.3) 4,623 (23.2) 1.38 (1.29-1.46)
40-44 years 13,792 (3.0) 3,004 (21.8) 1.30 (1.21-1.39)
35-39 years 11,438 (2.5) 2,196 (19.2) 1.18 (1.10-1.26)
30-34 years 9,508 (2.0) 1,503 (15.8) 1.00 (0.93-1.08)
18-29 years 12,465 (2.7) 1,749 (14.0) 1
Area deprivation index quintile
FDeP 5 (most deprived) 114,480 (24.6) 23,345 (20.4) 1.02 (1.00-1.05) <0.001
FDeP 4 92,877 (19.9) 17,425 (18.8) 0.97 (0.94-0.99)
FDeP 3 85,390 (18.3) 17,072 (20.0) 1.04 (1.01-1.07)
FDep 2 84,253 (18.1) 17,309 (20.5) 1.02 (0.99-1.05)
FDep 1 (least deprived) 88,750 (19.1) 17,835 (20.1) 1
Residency in mainland France
North-East region 121,912 (26.2) 23,473 (19.3) 0.84 (0.82-0.86) <0.001
North-West region 74,331 (16.0) 12,205 (16.4) 0.76 (0.74-0.78)
South-East region 126,423 (27.1) 25,112 (19.9) 0.91 (0.89-0.94)
South-West region 34,205 (7.3) 6,942 (20.3) 1.02 (0.99-1.06)
Ile-de-France region 108,879 (23.4) 25,254 (23.2) 1
Any preexisting mental disorder 153,870 (33.0) 21,500 (14.0)
Dementia 67,539 (14.5) 3,836 (5.7) 0.41 (0.39-0.42) <0.001
Depression 49,420 (10.6) 6,110 (12.4) 0.83 (0.80-0.86) <0.001
Anxiety disorders 46,039 (9.9) 5,342 (11.6) 0.85 (0.82-0.88) <0.001
Schizophrenia 13,400 (2.9) 2,409 (18.0) 0.93 (0.89-0.98) 0.004
Alcohol use disorders 36,509 (7.8) 8,681 (23.8) 0.89 (0.86-0.92) <0.001
Opioid use disorders 3,088 (0.7) 698 (22.6) 1.11 (1.01-1.22) 0.026
Down syndrome 1,122 (0.2) 242 (21.6) 1.00 (0.86-1.15) 0.97
Other learning disabilities 5,077 (1.1) 916 (18.0) 0.74 (0.68-0.80) <0.001
(Continued)
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Table 2. (Continued)

Risk factors

Other disorder with psychiatric ward admission

Any risk factor for severe COVID-19
Tobacco smoking
Obesity (BMI > 30 kg/m?)
Hypertension
Diabetes mellitus

Any severe somatic comorbidity
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Chronic pulmonary disease
Hemiplegia
Moderate or severe liver disease
Mild liver disease
Moderate or severe renal disease
Metastatic solid tumour
Solid tumour without metastasis
Haematological malignancy
AIDS

Transplant recipient

Delay between the latest acute hospital discharge and first COVID-19 record

SARS-CoV-2 infection during hospital care
Previous discharge in the last 3 months
Previous discharge in the last 4-12 months
Previous discharge in the last 2-3 years
Previous discharge in the last 4-9 years

No previous admission in the last 9 years

All patients (%) Salvage therapy (%) Adjusted OR (95% CI) p-value
465,750 (100.0) 92,986 (20.0)
2,869 (0.6) 439 (15.3) 0.80 (0.72-0.89) <0.001
337,312 (72.4) 72,338 (21.4)
57,209 (12.3) 15,458 (27.0) 1.20 (1.17-1.23) <0.001
117,385 (25.2) 33,394 (28.4) 1.56 (1.54-1.59) <0.001
270,818 (58.1) 54,874 (20.3)