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IMPORTANCE Evidence indicates that preexisting neuropsychiatric conditions confer
increased risks of severe outcomes from COVID-19 infection. It is unclear how this increased
risk compares with risks associated with other severe acute respiratory infections (SARIs).

OBJECTIVE To determine whether preexisting diagnosis of and/or treatment for a
neuropsychiatric condition is associated with severe outcomes from COVID-19 infection and
other SARIs and whether any observed association is similar between the 2 outcomes.

DESIGN, SETTING, AND PARTICIPANTS Prepandemic (2015-2020) and contemporary
(2020-2021) longitudinal cohorts were derived from the QResearch database of English
primary care records. Adjusted hazard ratios (HRs) with 99% CIs were estimated in April
2022 using flexible parametric survival models clustered by primary care clinic. This study
included a population-based sample, including all adults in the database who had been
registered with a primary care clinic for at least 1 year. Analysis of routinely collected primary
care electronic medical records was performed.

EXPOSURES Diagnosis of and/or medication for anxiety, mood, or psychotic disorders and
diagnosis of dementia, depression, schizophrenia, or bipolar disorder.

MAIN OUTCOMES AND MEASURES COVID-19–related mortality, or hospital or intensive care
unit admission; SARI-related mortality, or hospital or intensive care unit admission.

RESULTS The prepandemic cohort comprised 11 134 789 adults (223 569 SARI cases [2.0%])
with a median (IQR) age of 42 (29-58) years, of which 5 644 525 (50.7%) were female. The
contemporary cohort comprised 8 388 956 adults (58 203 severe COVID-19 cases [0.7%])
with a median (IQR) age of 48 (34-63) years, of which 4 207 192 were male (50.2%).
Diagnosis and/or treatment for neuropsychiatric conditions other than dementia was
associated with an increased likelihood of a severe outcome from SARI (anxiety diagnosis:
HR, 1.16; 99% CI, 1.13-1.18; psychotic disorder diagnosis and treatment: HR, 2.56; 99% CI,
2.40-2.72) and COVID-19 (anxiety diagnosis: HR, 1.16; 99% CI, 1.12-1.20; psychotic disorder
treatment: HR, 2.37; 99% CI, 2.20-2.55). The effect estimate for severe outcome with
dementia was higher for those with COVID-19 than SARI (HR, 2.85; 99% CI, 2.71-3.00 vs HR,
2.13; 99% CI, 2.07-2.19).

CONCLUSIONS AND RELEVANCE In this longitudinal cohort study, UK patients with preexisting
neuropsychiatric conditions and treatments were associated with similarly increased risks of
severe outcome from COVID-19 infection and SARIs, except for dementia.
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T he COVID-19 pandemic has caused at least 5 million
deaths and continues to exert significant pressures on
health care systems globally.1 Despite successful vac-

cination strategies in many countries, it remains important to
be aware of conditions that may predispose to worse out-
comes from SARS-CoV-2 infection so that at-risk populations
can be identified for the purposes of public health strategy.

Recent evidence indicates that the risk of developing an
incident neuropsychiatric condition after severe COVID-19
infection and a severe acute respiratory infection (SARI) is
similar.2 Moreover, 3 systematic reviews with meta-analysis3-5

and a subsequent major cohort study have6 reported that
people with preexisting neuropsychiatric conditions are at
higher risk of COVID-19 mortality than people without such a
diagnosis. These reports align with prepandemic data suggest-
ing that severe mental illness,7 schizophrenia,8 and depression9

are associated with increased risks of developing SARIs. It re-
mains unclear, however, whether the increased risk of devel-
oping severe disease associated with these conditions differs
between COVID-19 infection and other SARIs.

Before the COVID-19 pandemic, results of studies10-12 sug-
gested that some drug classes typically prescribed for these
neuropsychiatric conditions have also been associated with
increased risk of more severe respiratory infection. Evidence
for some drug classes, however (eg, antidepressants), is
conflicting.13,14 There is a need for greater understanding of the
associations between medications typically prescribed for psy-
chiatric conditions and severe respiratory infection.

As COVID-19 becomes endemic, it is critical to under-
stand which medical conditions and treatments may predis-
pose to more severe disease. Furthermore, understanding
whether neuropsychiatric conditions contribute to a general-
ized increase in risk for acute respiratory illness or whether this
risk is disease specific is important for ongoing management
of individuals and health systems. This study aimed, there-
fore, to evaluate the associations of preexisting neuropsychi-
atric conditions and treatments with COVID-19 outcomes com-
pared to those with SARI.

Methods
Thislongitudinalcohortstudywasconductedinaccordancewith
our prespecified protocol15; deviations from the protocol are de-
scribed in the protocol deviation section of the methods. The
study was approved by the QResearch Scientific Committee,
which has ethical approval capabilities from the East Midlands–
Derby research ethics committee, including a project-specific
patient waiver for patient consent forms due to data protections
(including deidentification) implemented as part of the agree-
ment. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines.16

We used the QResearch database of English primary care
records, version 45 (EMIS Health), which has individual-level
linkage to Hospital Episode Statistics (HES), Public Health
England’s second-generation surveillance system database
regarding SARS-CoV-2 testing, the Intensive Care National

Audit and Research Centre (ICNARC) database, and the Office
for National Statistics’ national mortality register. All records
in the database meeting inclusion criteria were used. Patients
self-reported their race or ethnicity as one of Asian, Black,
White, or other if they did not identify with one of the previ-
ous 3 categories. Completion of this variable is not mandatory
in primary care clinics; therefore, in some cases, it is missing.

We extracted 2 temporally distinct longitudinal cohorts: a
prepandemic cohort comprising all adults (18 years and older)
entering from January 24, 2015, until January 23, 2020 (the day
before first recorded COVID-19 case in the UK), and a contempo-
rary cohort comprising all adults entering from January 24, 2020,
until the date of data extraction (May 31, 2021). The index date
in the prepandemic cohort was the latest of the following:
(1) January 24, 2015; (2) December 31 in the year that patients
turned 18 years; or (3) 1 year after registration with a participat-
ing practice if registration was after January 24, 2014. The index
date for the contemporary cohort was January 24, 2020 (first re-
corded SARS-CoV-2 infection in the UK), with participants
younger than 18 years or not registered with a participating
practice for at least 1 year on that date excluded. Patient follow-
up time was from index date until the first record of any outcome
(COVID-19– or SARI-related hospital or ICU admission, or death)
or censoring: the earliest of date of deregistration from an EMIS
practice or study end (January 23, 2020, for the prepandemic
cohort and May 31, 2021, for the contemporary cohort).

Exposures
Detailed definitions of exposures are reported in full in the study
protocol.15 Briefly, we used SNOMED/Read Codes in the primary
carerecords,and InternationalStatisticalClassificationofDiseases
and Related Health Problems, Tenth Revision (ICD-10) codes in
the HES records to identify individuals with selected neuropsy-
chiatric conditions. We used primary care records to identify pre-
scriptions of relevant medications based on the British National
Formulary.17 Wegroupedsimilarneuropsychiatricconditionsand
their respective pharmacological treatments under the follow-
ing categories: anxiety, mood, and psychotic disorders and
hypnotic/anxiolytic, antidepressant, and antipsychotic medica-
tions. The primary care code lists used to create these groups are

Key Points
Question Is there an association between having a diagnosis of
a neuropsychiatric condition and severe outcome from COVID-19
infection, and if so, is it also observed in other severe acute
respiratory infections (SARIs)?

Findings In this longitudinal cohort study of the electronic medical
records from more than 11 million people, both a preexisting
diagnosis of a neuropsychiatric condition and having a prescription
for a related pharmacological treatment were associated with
a significantly increased risk of severe outcomes from both
COVID-19 infection and other SARIs, mainly to similar extents.

Meaning These findings suggest the importance of recognizing
the association of several neuropsychiatric illnesses with risk of
developing a broad range of respiratory infections, not just
COVID-19 infection.
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availableontheQResearchwebsite.18 Inaddition,weinvestigated
diagnosis only (ie, irrespective of treatment) of the following con-
ditions: depression, dementia, schizophrenia, and bipolar dis-
order. Finally, we investigated any antidepressant use irrespec-
tive of concurrent diagnosis. Patients were considered exposed
if they had a diagnosis of a neuropsychiatric condition at any time
before the index date, and/or at least 2 prescriptions for neuro-
psychiatric medications in the 6 months before baseline. Patients
with a first-ever diagnosis of a neuropsychiatric condition or
2 or more prescriptions for related medications within 6 months
during the follow-up time were excluded from analysis for the
relevant condition to avoid immortal time bias.19

Outcomes
Using these cohorts, we estimated associations between prior
neuropsychiatric conditions and relevant medication use and
subsequent severe COVID-19 or SARI-related illness (in the con-
temporary and prepandemic cohorts, respectively). A severe
outcome was defined as hospitalization, intensive care unit (ICU)
admission, or death related to COVID-19 infection or SARI. Hos-
pital admissions of any duration were identified using linked
HES data and were considered COVID-19 related if the person
had a positive SARS-CoV-2 test result within 14 days before or
during admission or if they had ICD-10 code U07.01 in their HES
record (indicating confirmed COVID-19 infection). For ICU ad-
missions, we used ICNARC’s data set of COVID-19–related
admissions. Death from any cause within 28 days of a positive
COVID-19 test or where COVID-19 was listed as a cause of death
on the death certificate was considered COVID-19 related. Hos-
pital admissions were considered SARI related if any ICD-10 code
from J09-J22 occurred in the HES record. Deaths where the same
ICD-10 codes were listed as a cause of death on the death cer-
tificate were considered SARI related. SARI-related ICU admis-
sion was determined based on corresponding RE, or respira-
tory, diagnosis codes used internally by ICNARC.15 For both
conditions, a composite outcome of severe COVID-19 infec-
tion or SARI was created of the first recorded of hospitaliza-
tion, ICU admission, or death.

Statistical Analyses
Flexible parametric survival models with clustering by gen-
eral primary care practice were used to calculate hazard ra-
tios (HRs) and 99% CIs, to assess whether prior neuropsychi-
atric diagnosis or treatment was associated with the risk of
severe COVID-19 infection or SARI. All final analysis models
were adjusted for demographic and clinical factors identified
from clinical/epidemiologic understanding, as summarized in
the directed acyclic graphs in the protocol.15

Missing data were observed for race and ethnicity, smok-
ing status, alcohol status, body mass index, and Townsend de-
privation score quintile; multiple imputation with chained
equations was used to replace these under the missing at ran-
dom assumption.20 Imputation models included all covari-
ates and end points. Five imputations were generated, with
model coefficients and SEs pooled in accordance with Rubin
rules.21 P values were 2-sided, and results were considered
statistically significant if the 99% CI did not include 1. All analy-
ses were conducted in Stata, version 17 (StataCorp).

Protocol Deviation
In some instances, we deviated from the original study proto-
col. Additional exposures were analyzed beyond those listed in
the protocol based on clinical relevance; these included the
following: bipolar disorder (ICD-10 codes F30-31 and correspond-
ing Read Codes), depression (ICD-10 F06.3, F32-F33, F34.1,
F41.2,F44.8,F92.0,andcorrespondingReadCodes),schizophre-
nia (ICD-10 F06.2, F20, F23.0-F23.2, and corresponding Read
Codes), and antidepressant use (tricyclic and related antidepres-
sant drugs, monoamine-oxidase inhibitors, selective serotonin
reuptake inhibitors [SSRIs], other antidepressant drugs). Bipo-
lar disorder is included in the broader category of mood disor-
ders, schizophrenia is included in psychotic disorders, and an-
tidepressant use is considered the treatment for mood disorders.
Nevertheless, bipolar disorder, schizophrenia, and antidepres-
sant use were highlighted for their particular clinical importance,
and we have been careful not to overinterpret the results beyond
those of the broader categories.

A frailty term for general practice was proposed for the pro-
portional hazards models, but the use of Royston-Parmar mod-
els (Stata package stpm2) precluded this. Instead, we calculated
SEs adjusted for clustering at the general practice level.

Sensitivity Analysis
A sensitivity analysis was added to investigate the potential con-
founding effect of COVID-19 vaccination. In this analysis, the end
day in the contemporary cohort was changed to December 7,
2020, the day before the first COVID-19 vaccination was admin-
istered in the UK. Pilot analysis showed similar findings when
hospitalization,ICUadmission,anddeathwereinvestigatedsepa-
rately;therefore,onlythecombinedvariablewasusedinthemain
analysis. An analysis of COVID-19– and SARI-specific mortality
is included in eTables 1, 2, and 3 in the Supplement.

Results
There were 11 134 789 individuals in the prepandemic cohort
(5 644 525female[50.7%];5 490 264male[49.3%])and8 388 956
people in the contemporary cohort (1 181 764 female [49.8%];
4 207 192 male [50.2%]). The 2 cohorts were broadly similar in
terms of lifestyle and demographic factors (Table 1), comorbidi-
ties, and prescribed medications (Table 2). The contemporary co-
hort,however,wasolder(median[IQR]age,prepandemiccohort,
42 [29-58] years vs contemporary cohort, 48 [34-63] years). The
following race and ethnicity categories were included in the
prepandemiccohort:986 264Asian(8.9%),381 244Black(3.4%),
7 094 605 White (63.7%), 2 270 543 missing (20.4%), and 402 133
other (3.6%). The following race and ethnicity categories were
included in the contemporary cohort: 735 644 Asian (8.8%),
285 126 Black (3.4%), 5 389 025 White (64.2%), 1 690 035 miss-
ing (20.1%), and 289 126 other (3.4%). The prevalence of diagno-
sis only of anxiety at the index date was higher in the contem-
porary cohort than the prepandemic cohort (1 013 565 [12.1%] vs
999 125 [9.0%]) (Table 1). Prevalence of diagnosis of other neu-
ropsychiatric conditions appeared broadly similar between the
2 cohorts. Median (IQR) follow-up was 1275 (496-1825) days in
the prepandemic cohort and 412 (375-493) days in the contem-
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porary cohort. The number of patients with a SARI outcome in
the prepandemic cohort during follow-up was 223 569 (2.0%),
and the number of patients with a severe COVID-19 outcome in
the contemporary cohort during follow-up was 58 203 (0.7%)
(Table 1). There were 21 649 COVID-19–related deaths in the con-
temporary cohort study period; of these, 932 were within 28 days
of a positive test result, 5183 had COVID-19 listed on the death
certificate, and 15 534 had both. The numbers of patients with
a neuropsychiatric condition who developed SARI or COVID-19
illness are shown in Table 3 for each analysis.

Regression estimates from multiply imputed flexible para-
metric survival models are shown in Table 3. Log − log survival

Table 1. Summary Information on Demographic and Lifestyle Factors
and Exposures for the Prepandemic Severe Acute Respiratory Infection
(SARI) and Contemporary COVID-19 Infection Cohorts at the Index Date
and Outcomes During Follow-up

Characteristic

No. (%)
Prepandemic
cohort: SARI
(2015-2020)

Contemporary
cohort: COVID-19
(2020-2021)

Total No. of patients 11 134 789 8 388 956

Follow-up time, median (IQR), d 1275 (496- 1825) 412 (375- 493)

Age, median (IQR), y 42 (29- 58) 48 (34- 63)

Sex

Female 5 644 525 (50.7) 4 181 764 (49.8)

Male 5 490 264 (49.3) 4 207 192 (50.2)

BMIa

Median (IQR) 26 (23- 30) 26 (23- 30)

Missing 1 773 555 (15.9) 1 212 590 (14.5)

Severe outcome during
follow-upb

SARI COVID-19

First recorded 223 569 (2.0) 58 203 (0.7)

Hospital admission
(excluding ICU)

196 232 (1.8) 56 592 (0.7)

ICU admission 17 025 (0.2) 6410 (0.1)

Death 82 557 (0.7) 21 649 (0.3)

Anxietyc

Diagnosis only 999 125 (9.0) 1 013 565 (12.1)

Diagnosis and treatment 62 194 (0.6) 50 899 (0.6)

Treatment only 114 993 (1.0) 74 909 (0.9)

Excluded 459 682 (28.1) 113 825 (9.1)

Mood disorderb

Diagnosis only 585 993 (5.3) 514 007 (6.1)

Diagnosis and treatment 366 144 (3.3) 348 768 (4.2)

Treatment only 603 914 (5.4) 576 955 (6.9)

Excluded 782 124 (33.5) 207 730 (12.6)

Psychotic disorderb

Diagnosis only 30 262 (0.3) 23 194 (0.3)

Diagnosis and treatment 34 519 (0.3) 26 866 (0.3)

Treatment only 82 698 (0.7) 67 288 (0.8)

Excluded 7425 (8.0) 22 190 (15.9)

Dementiab 132 622 (1.2) 101 777 (1.2)

Excluded 80 406 (37.7) 15 856 (13.5)

Schizophreniab 55 374 (0.5) 42 061 (0.5)

Excluded 4973 (8.2) 970 (2.3)

Depressionb 921 948 (8.3) 825 732 (9.8)

Excluded 140 725 (13.2) 5445 (0.7)

Bipolarb 46 379 (0.4) 38 491 (0.5)

Excluded 6811 (12.8) 4861 (11.2)

Antidepressant treatmentb 1 017 859 (9.1) 928 341 (11.1)

Excluded 591 281 (36.8) 198 161 (17.6)

Region of England

East Midlands 307 004 (2.8) 205 770 (2.5)

East of England 419 157 (3.8) 325 733 (3.9)

London 2 905 806 (26.1) 2 035 931 (24.3)

Northeast 269 553 (2.4) 206 092 (2.5)

Northwest 2 002 153 (18.0) 1 578 863 (18.8)

South Central 1 415 670 (12.7) 1 089 524 (13.0)

Southeast 1 166 717 (10.5) 915 109 (10.9)

Southwest 1 131 089 (10.2) 859 409 (10.2)

West Midlands 106 9962 (9.6) 845 864 (10.1)

Yorkshire and Humber 44 7678 (4.0) 32 6661 (3.9)

(continued)

Table 1. Summary Information on Demographic and Lifestyle Factors
and Exposures for the Prepandemic Severe Acute Respiratory Infection
(SARI) and Contemporary COVID-19 Infection Cohorts at the Index Date
and Outcomes During Follow-up (continued)

Characteristic

No. (%)
Prepandemic
cohort: SARI
(2015-2020)

Contemporary
cohort: COVID-19
(2020-2021)

Townsend quintile

1 (Least deprived) 2 583 677 (23.2) 2 083 583 (24.8)

2 2 332 640 (20.9) 1 834 284 (21.9)

3 2 159 320 (19.4) 1 637 994 (19.5)

4 2 012 583 (18.1) 1 452 158 (17.3)

5 (Most deprived) 2 002 838 (18.0) 1 342 583 (16.0)

Missing 43 731 (0.4) 38 354 (0.5)

Race and ethnicity

Asian 986 264 (8.9) 735 644 (8.8)

Black 381 244 (3.4) 285 126 (3.4)

White 7 094 605 (63.7) 5 389 025 (64.2)

Missing 2 270 543 (20.4) 1 690 035 (20.1)

Otherd 402 133 (3.6) 289 126 (3.4)

Smoking status

Nonsmoker 6 393 932 (57.4) 4 840 921 (57.7)

Ex-smoker 2 325 940 (20.9) 1 827 288 (21.8)

Light 1 506 588 (13.5) 1 050 847 (12.5)

Moderate 290 564 (2.6) 229 416 (2.7)

Heavy 134 483 (1.2) 106 090 (1.3)

Missing 483 282 (4.3) 334 394 (4.0)

Alcohol consumption, U/d

Nondrinker 5 703 941 (51.2) 4 382 572 (52.2)

Trivial <1 1 631 593 (14.7) 1 249 772 (14.9)

Light 1-2 825 218 (7.4) 635 506 (7.6)

Moderate 3-6 614 568 (5.5) 487 122 (5.8)

Heavy 7-9 49 275 (0.4) 38 936 (0.5)

Very heavy >9 53 900 (0.5) 35 720 (0.4)

Missing 2 256 294 (20.3) 1 559 328 (18.6)

Abbreviations: BMI, body mass index; ICU, intensive care unit.
a Calculated as weight in kilograms divided by height in meters squared.
b Indicates total numbers recorded for each event during the relevant study

period; therefore, a person may appear in more than 1 row if they, for example,
are hospitalized and subsequently die. The row first recorded is the earliest
record of any event; therefore, people will only appear once.

c Diagnoses defined as any record before baseline; treatment defined as 2 or
more prescriptions in the 6 months before baseline; percentages of cases are
of the total cohort; percentages of the number excluded are of total number
diagnosed.

d Other race and ethnicity includes people who did not identify with any of the
previous 3 options.
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plots were used to check the proportional hazards assumption
visually, and all models satisfied the assumption. In addition, the
Figure displays estimates from the maximally adjusted multi-
variable models for both SARI and COVID-19 infection. All ad-
justed models showed that a severe outcome from COVID-19 and
SARI was more likely in people with a preexisting diagnosis of
a neuropsychiatric condition (COVID-19 smallest effect: anxiety
diagnosis only, adjusted HR, 1.16; 99% CI, 1.12-1.20 and greatest
effect: dementia diagnosis, HR, 2.85; 99% CI, 2.71-3.00; SARI
smallest effect: anxiety diagnosis only, HR, 1.16; 99% CI, 1.13-1.18
and greatest effect: psychotic disorder diagnosis and treatment,
HR, 2.56; 99% CI, 2.40-2.72). Effect estimates for all neuropsy-
chiatric conditions and treatments were broadly similar for both
outcomes, although the effect estimate for the association be-
tween severe COVID-19 and dementia appeared greater than for
that of SARI, including an association between severe COVID-19
and dementia (COVID-19 infection: HR, 2.85; 99% CI, 2.71-3.00
vs SARI: HR, 2.13; 99% CI, 2.07-2.19) (Figure). Results from sen-
sitivity analyses with COVID-19– and SARI-specific mortality as
the outcome and restricting follow-up time in the contemporary
cohort to the prevaccination period were similar to the main find-
ings of the study (eTables 1, 2, and 3 in the Supplement).

Discussion
Findings from the current cohort study suggest that people with
neuropsychiatric conditions and/or associated pharmacological
treatments have an associated increased risk of severe outcomes
from COVID-19 infection and other SARIs. Furthermore, people
with prescriptions for antidepressant medications had an asso-
ciated increased risk of severe COVID-19 disease or SARI whether
or not they had a corresponding diagnosis of a neuropsychiat-
riccondition.Mainly,wefoundthatpeoplediagnosedwithaneu-
ropsychiatric condition or those prescribed corresponding psy-
chotropic medications had a similarly associated increased risk
of severe disease from COVID-19 and other SARIs, suggesting that
these associations are not specific to COVID-19 infection. The
magnitude of the effect estimate for risk of severe COVID-19 in
people with dementia appeared greater than the corresponding
value for SARI. This observation was made cautiously because
the cohorts are temporally distinct, and other factors may have
contributedtothedifference,includingtherapidandcatastrophic

Table 2. Summary Information on Comorbidites and Medications
for the Prepandemic Severe Acute Respiratory Infection (SARI) and
Contemporary COVID-19 Infection Cohorts at the Index Date

Comorbidities
and medications

No. (%)
Prepandemic
cohort: SARI
(2015-2020)

Contemporary
cohort: COVID-19
(2020-2021)

Total No. of patients 11 134 789 8 388 956

Neoplasms

Gastrointestinal cancers 88 171 (0.8) 59 124 (0.7)

Urogenital cancers 134 940 (1.2) 106 473 (1.3)

Gynecological cancers 33 977 (0.3) 26 995 (0.3)

Breast cancer 133 106 (1.2) 109 137 (1.3)

Lung cancer 29 137 (0.3) 13 742 (0.2)

Hematological cancers 63 490 (0.6) 50 349 (0.6)

Pulmonary

COPD 279 977 (2.5) 209 515 (2.5)

Asthma 1 473 736 (13.2) 1 147 463 (13.7)

Bronchiectasis 55 855 (0.5) 47 767 (0.6)

Rare pulmonary diseases 30 820 (0.3) 22 154 (0.3)

Circulatory

Coronary heart disease 436 822 (3.9) 333 273 (4.0)

Hypertension 1 913 743 (17.2) 1 575 482 (18.8)

Congestive cardiac failure 160 651 (1.4) 119 851 (1.4)

Stroke 282 525 (2.5) 206 990 (2.5)

Peripheral vascular disease 98 505 (0.9) 69 596 (0.8)

Venous thromboembolism 211 999 (1.9) 171 474 (2.0)

Atrial fibrillation 308 170 (2.8) 237 653 (2.8)

Sickle cell anemia 8699 (0.1) 6976 (0.1)

Neurological

Learning impediments 177 637 (1.6) 137 143 (1.6)

Severe head injury 58 509 (0.5) 46 947 (0.6)

Epilepsy 151 385 (1.4) 116 631 (1.4)

Multiple sclerosis 27 015 (0.2) 22 072 (0.3)

Skeletal

Fracture 471 836 (4.2) 355 081 (4.2)

Osteoarthritis 1 200 356 (10.8) 997 346 (11.9)

Other conditions

Rheumatoid diseases 98 820 (0.9) 81 073 (1.0)

Type 1 diabetes 64 244 (0.6) 48 433 (0.6)

Type 2 diabetes 753 013 (6.8) 623 174 (7.4)

Hypothyroidism 478 928 (4.3) 386 816 (4.6)

Renal complications 515 863 (4.6) 388 947 (4.6)

Chronic liver/pancreatic
diseases

88 689 (0.8) 82 501 (1.0)

Bone marrow transplant 4466 (0.0) 3689 (0.0)

Medicationsa

Steroids 815 596 (7.3) 289 510 (3.5)

Statins 1 693 840 (15.2) 1 314 861 (15.7)

NSAIDs 1 879 856 (16.9) 564 435 (6.7)

Aspirin 690 868 (6.2) 384 181 (4.6)

Estrogen 216 352 (1.9) 146 110 (1.7)

Progestogen 221 259 (2.0) 55 793 (0.7)

HRT combined 99 658 (0.9) 47 564 (0.6)

Anticonvulsants 673 395 (6.0) 373 428 (4.5)

Bisphosphonates 255 609 (2.3) 134 537 (1.6)

Leukotrienes 1 390 716 (12.5) 781 972 (9.3)

(continued)

Table 2. Summary Information on Comorbidites and Medications
for the Prepandemic Severe Acute Respiratory Infection (SARI) and
Contemporary COVID-19 Infection Cohorts at the Index Date (continued)

Comorbidities
and medications

No. (%)
Prepandemic
cohort: SARI
(2015-2020)

Contemporary
cohort: COVID-19
(2020-2021)

ACE inhibitors 1 108 285 (10.0) 770 690 (9.2)

Anticoagulants 358 004 (3.2) 274 708 (3.3)

Cytotoxins 33 888 (0.3) 18 641 (0.2)

Abbreviations: ACE, angiotensin-converting enzyme; COPD, chronic obstructive
pulmonary disease; HRT, hormone replacement therapy; NSAID, nonsteroidal
anti-inflammatory drug.
a Medication use defined as any prescription during the study period.
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spread of COVID-19 infection in nursing homes early in the pan-
demic in the UK.22

Neuropsychiatric Conditions and COVID-19
Results of systematic reviews with meta-analysis of population-
based cohort studies suggest that neuropsychiatric condi-
tions (including anxiety, mood, psychotic, bipolar, personal-
ity, eating, and major depressive disorders; alcohol and
substance abuse and misuse; and schizophrenia) are associ-
ated with an increased risk of COVID-19 mortality.3-5 Despite
using slightly different definitions of severe illness, the direc-
tion of the effect estimates was consistent and the magnitude
broadly similar with those of the current study, which used a
composite outcome of hospitalization, ICU admission, and
death. Together, the findings suggest that people with a diag-

nosis of a neuropsychiatric condition have an associated in-
creased risk of severe outcome from COVID-19 infection. To
the prior work, we add that the associated increased risks with
COVID-19 are broadly similar to those seen in other SARIs.

Neuropsychiatric Conditions and SARI
Cohort studies conducted before the COVID-19 pandemic have
also reported an association between preexisting neuropsy-
chiatric conditions and SARIs.7,9 A Danish population study9

conducted over 11 years found that people diagnosed with de-
pression were at an associated increased risk of presenting with
various respiratory infections. In addition, an English study7

of people from the Oxford region from 1999 to 2011 found that
preexisting bipolar disorder, depression, and phobic anxiety
conditions were each associated with a 2-fold increase in risk

Table 3. Casesa and Regression Estimates From Univariate and Multivariable Royston-Parmar Flexible Parametric Survival Models,
Clustered by Primary Care Clinicb

Neuropsychiatric
condition

SARI (prepandemic cohort) COVID-19 (contemporary cohort)

Cases,
No. (%)

HR (99% CI)
Cases,
No. (%)

HR (99% CI)
Univariate
model

Maximally adjusted
multivariable model

Univariate
model

Maximally adjusted
multivariable model

Anxiety disorderc

No anxiety 171 092 (80.8) 1 [Reference] 1 [Reference] 46 611 (81.6) 1 [Reference] 1 [Reference]

Diagnosis only 24 276 (11.5) 1.32 (1.29-1.36) 1.16 (1.13-1.18) 7464 (13.1) 1.13 (1.09-1.17) 1.16 (1.12-1.20)

Diagnosis and treatment 5017 (2.4) 4.39 (4.19-4.59) 1.62 (1.55-1.69) 1003 (1.8) 3.06 (2.81-3.34) 1.53 (1.41-1.67)

Treatment only 11 286 (5.3) 5.70 (5.49-5.92) 1.67 (1.62-1.72) 2067 (3.6) 4.36 (4.08-4.67) 1.70 (1.59-1.81)

Mood disorderd

No mood disorder 143 260 (69.7) 1 [Reference] 1 [Reference] 39 701 (69.9) 1 [Reference] 1 [Reference]

Diagnosis only 13 422 (6.5) 1.35 (1.31-1.40) 1.23 (1.20-1.27) 3714 (6.5) 1.23 (1.17-1.29) 1.20 (1.15-1.26)

Diagnosis and treatment 16 203 (7.9) 2.61 (2.52-2.71) 1.76 (1.71-1.80) 4730 (8.3) 2.28 (2.18-2.39) 1.63 (1.56-1.71)

Treatment only 32 561 (15.8) 3.23 (3.13-3.33) 1.66 (1.62-1.69) 8669 (15.3) 2.55 (2.45-2.65) 1.59 (1.53-1.65)

Psychotic disordere

No psychotic disorder 210 142 (95.7) 1 [Reference] 1 [Reference] 55 033 (95.4) 1 [Reference] 1 [Reference]

Diagnosis only 1245 (0.6) 2.44 (2.26-2.64) 1.90 (1.70-2.13) 356 (0.6) 2.45 (2.10-2.86) 1.89 (1.62-2.21)

Diagnosis and treatment 2191 (1.0) 3.40 (3.17-3.64) 2.56 (2.40-2.72) 604 (1.0) 3.43 (3.07-3.82) 2.19 (1.96-2.44)

Treatment only 6025 (2.7) 4.33 (4.13-4.55) 2.35 (2.26-2.45) 1669 (2.9) 3.85 (3.56-4.15) 2.37 (2.20-2.55)

Other diagnoses

Dementia 191 001 (89.4) 1 [Reference] 1 [Reference] 50 621 (88.0) 1 [Reference] 1 [Reference]

22 747 (10.6) 15.80
(15.22-16.40)

2.13 (2.07-2.19) 6900 (12.0) 13.45
(12.78-14.17)

2.85 (2.71-3.00)

Depressionf 193 406 (87.7) 1 [Reference] 1 [Reference] 50 370 (86.6) 1 [Reference] 1 [Reference]

27 242 (12.3) 1.53 (1.48-1.57) 1.31 (1.28-1.33) 7786 (13.4) 1.41 (1.36-1.46) 1.23 (1.19-1.27)

Bipolar disorderg 221 305 (99.0) 1 [Reference] 1 [Reference] 57 514 (98.9) 1 [Reference] 1 [Reference]

2127 (1.0) 2.52 (2.37-2.69) 1.90 (1.77-2.05) 653 (1.1) 2.52 (2.26-2.81) 1.86 (1.68-2.07)

Schizophreniah 220 391 (98.7) 1 [Reference] 1 [Reference] 57 331 (98.5) 1 [Reference] 1 [Reference]

3012 (1.3) 2.90 (2.74-3.08) 2.21 (2.08-2.36) 858 (1.5) 3.08 (2.79-3.40) 2.05 (1.86-2.26)

Antidepressant
treatmenti

158 945 (76.2) 1 [Reference] 1 [Reference] 43 469 (76.4) 1 [Reference] 1 [Reference]

49 600 (23.8) 2.89 (2.81-2.97) 1.64 (1.62-1.67) 13 427 (23.6) 2.41 (2.33-2.49) 1.57 (1.52-1.62)

Abbreviations: HR, hazard ratio; SARI, severe acute respiratory illness.
a People with a diagnosis of or pharmacological treatment for a neuropsychiatric

condition who develop SARI or COVID-19 infection.
b Denominator for percentages is total number of people with the outcome

(ie, SARI or COVID-19). Multivariable model adjusted for: age, sex, body mass
index, ethnicity, Townsend index of socioeconomic deprivation, smoking and
alcohol consumption, comorbidities, and other medications.

c Anxiety diagnoses: International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) F40-48 and corresponding
Read Codes.

d Mood disorder: ICD-10 F30-39 and corresponding Read Codes.

e Psychotic disorders: ICD-10 F00-03, G30, G31.0, and corresponding Read
Codes.

f Depression: ICD-10 codes F06.3, F32-F33, F34.1, F41.2, F44.8, F92.0, and
corresponding Read Codes.

g Bipolar disorder: ICD-10 codes F30-31 and corresponding Read Codes.
h Schizophrenia: ICD-10 codes F06.2, F20, F23.0-F23.2, and corresponding

Read Codes.
i Antidepressant use: tricyclic and related antidepressant drugs,

monoamine-oxidase inhibitors, selective serotonin reuptake inhibitors, and
other antidepressant drugs.
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of pneumococcal lung infections. These findings are largely in
line with those of the current study. Thus, 3 large observa-
tional cohort studies have found evidence suggesting that
people with a preexisting neuropsychiatric condition are at
an associated increased risk of severe outcome from SARIs.

Psychotropic Medication
We found that people taking hypnotic, anxiolytic, antidepres-
sant, or antipsychotic medication had an associated increased
risk of more severe disease from both COVID-19 infection and
SARI irrespective of whether they had a corresponding neuro-

Figure. Forest Plot Showing Effect Estimates From Maximally Adjusted Survival Analyses of the Likelihood
of Severe Acute Respiratory Infection (SARI) or COVID-19 Infection in People With a Diagnosed
Neuropsychiatric Condition or Corresponding Pharmacological Treatment

0.5 2.0 3.01.5 2.5
HR (99% CI)

1.0

Lower
risk

Higher
riskNo. (%)

Condition/
category/disease
Anxiety

HR
(99% CI)

Diagnosis only
COVID-19
SARI

Diagnosis and treatment
COVID-19
SARI

Treatment only
COVID-19
SARI

Mood disorder
Diagnosis only

COVID-19
SARI

Diagnosis and treatment
COVID-19
SARI

Treatment only
COVID-19
SARI

Psychotic disorder
Diagnosis only

COVID-19
SARI

Diagnosis and treatment
COVID-19
SARI

Treatment only
COVID-19
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Dementia
Diagnosis only

COVID-19
SARI

Depression
Diagnosis only

COVID-19
SARI

Bipolar disorder
Diagnosis only

COVID-19
SARI

Schizophrenia
Diagnosis only

COVID-19
SARI

Antidepressant
Treatment only

COVID-19
SARI 1.64 (1.62-1.67)

1.57 (1.52-1.62)

2.21 (2.08-2.36)
2.05 (1.86-2.26)

1.90 (1.77-2.05)
1.86 (1.68-2.07)

1.31 (1.28-1.33)
1.23 (1.19-1.27)

2.13 (2.07-2.19)
2.85 (2.71-3.00)

2.35 (2.26-2.45)
2.37 (2.20-2.55)

2.56 (2.40-2.72)
2.19 (1.96-2.44)

1.90 (1.70-2.13)
1.89 (1.62-2.21)

1.66 (1.62-1.69)
1.59 (1.53-1.65)

1.76 (1.71-1.80)
1.63 (1.56-1.71)

1.23 (1.20-1.27)
1.20 (1.15-1.26)

1.67 (1.62-1.72)
1.70 (1.59-1.81)

1.62 (1.55-1.69)
1.53 (1.41-1.67)

1.16 (1.13-1.18)
1.16 (1.12-1.20)

49 600 (23.8)
13 427 (23.6)

3012 (1.3)
858 (1.5)

2127 (1.0)
653 (1.1)

27 242 (12.3)
7786 (13.4)

22 747 (10.6)
6900 (12.0)

6025 (2.7)
1669 (2.9)

2191 (1.0)
604 (1.0)

1245 (0.6)
356 (0.6)

32 561 (15.8)
8669 (15.3)

16 203 (7.9)
4730 (8.3)

13 422 (6.5)
3714 (6.5)

11 286 (5.3)
2067 (3.6)

5017 (2.4)
1003 (1.8)

24 276 (11.5)
7464 (13.1)

HR indicates hazard ratio.
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psychiatric diagnosis, but findings from previous research are
mixed. The current findings are consistent with evidence that
SSRIs are associated with a higher risk of hospital mortality in
patients admitted to ICU13 and with a systematic review and
meta-analysis10 that found antipsychotic medication to be as-
sociated with increased risk of pneumonia. The authors of the
systematic review, however, commented that there is a lack of
randomized clinical trials in the area and that some observational
studies failed to control for key confounders. In contrast, find-
ings from a recent randomized clinical trial found that fluvox-
amine, an SSRI, reduced the risk of hospitalization when given
to symptomatic adult patients with an acute presentation con-
sistent with COVID-19.23 It is interesting to compare the timing
of drug administration. The current study and Ghassemi et al13

investigatedSSRIusebeforetertiarycareadmission,whereasReis
et al23 investigated administration after the onset of symptoms
consistent with COVID-19. Ultimately, the reason for the discrep-
ancy is unknown, but the current study adds that the associated
increased risks were not COVID-19 specific; rather, they were
broadly similar to the risks in other severe respiratory conditions.

Supplementary Analyses
Supplementary analyses showed that these associations were
similar before the availability of vaccines for COVID-19 and when
only the most severe outcome, mortality, was considered. This
suggests that despite varying pressure on hospitals throughout
the pandemic and the evolution of treatments and prophylactic
measures, the association between neuropsychiatric conditions
and severe COVID-19 infection and SARIs remained similar.

Althoughthisstudyprovidedclearsupportforanassociation
between neuropsychiatric conditions and more severe outcomes
from respiratory infections, the observational design means it is
not sufficient to demonstrate causality. We corrected for relevant
demographic and clinical factors. However, it may be that neu-
ropsychiatricillnessoccursaspartofageneralpictureofincreased
healthdisparitytothegeneralpopulation,24 whichcouldincrease
the risk of opportunistic infection and lead to increased severity
ofdiseasefromsuchaninfection.Alternatively,somepeoplewith
neuropsychiatricconditionsmaynothaveaccesstosuitableclini-
cal facilities or may delay clinical presentation until later in the
disease stage, by which time the severity of their respiratory ill-
ness has increased.24 In either case, it seems clear that there is
a generally elevated risk of severe acute respiratory illness asso-
ciated with neuropsychiatric conditions and that this risk is simi-
lar with SARS-CoV-2 and other respiratory pathogens. This infor-
mation is critical in determining the impact of neuropsychiatric
illnessondiseaseoutcomesnotonlyduringthecurrentpandemic
but also into the future as COVID-19 becomes endemic.

Strengths and Limitations
Strengths of our study include the use of large cohorts that are
representative of the English general population and the use
of multiple validated electronic health care data sets linked at
the individual level to provide accurate ascertainment of ex-
posures, outcomes, and other relevant confounders. These data
sets minimize selection and recall bias because they use pro-
spectively collected data. Furthermore, we used comparable
respiratory infections to determine whether the reported as-
sociation between neuropsychiatric conditions and severe
COVID-19 was due to the SARS-CoV-2 pathogen specifically or
a more general association with various pathogens that cause
respiratory illness.

This study also has limitations. The use of routinely col-
lected health care data means that outcomes and exposures
are not formally adjudicated, as the database is dependent on
coding by individual practitioners. There may also be record-
ing bias due to disruption in patient attendance at general
practices during the study period, particularly during the
COVID-19 pandemic. We did, however, collect records from
multiple linked databases including general primary care
practice, hospital, and registry data, and this should serve to
minimize potential bias from underreporting. Additionally,
exclusion of people diagnosed during the study period may
have introduced selection bias, although pilot analyses
suggested that this was not the case, and we used a valid
technique.19 Time-related heterogeneity can be masked by
using HRs; however, the proportional hazards assumption held
for all analyses, and sensitivity analysis varying follow-up time
showed similar results to the main analyses. Finally, as with
all observational studies, there is a risk of residual confound-
ing, which we sought to minimize through adjustment for
a range of confounders.

Conclusions
The current cohort study builds on previous work in this field
by investigating not only a range of neuropsychiatric condi-
tions and psychotropic medications but by also comparing their
associations with both severe COVID-19 infection and other
SARIs. The adjusted results comparing severe outcomes from
COVID-19 disease and other SARI largely seemed similar, sug-
gesting that the associations were not disease specific. Al-
though dementia was associated with a higher increased
risk of severe outcome from COVID-19 than for SARI, well-
documented impacts of the pandemic on specific care settings
mean that this result should be interpreted with caution.
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