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Pre-pandemic psychiatric disorders and risk of COVID-19: 
a UK Biobank cohort analysis
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Summary
Background Psychiatric morbidities have been associated with a risk of severe infections through compromised 
immunity, health behaviours, or both. However, data are scarce on the association between multiple types of 
pre-pandemic psychiatric disorders and COVID-19. We aimed to assess the association between pre-pandemic 
psychiatric disorders and the subsequent risk of COVID-19 using UK Biobank.

Methods For this cohort analysis, we included participants from UK Biobank who were registered in England and 
excluded individuals who died before Jan 31, 2020, (the start of the COVID-19 outbreak in the UK) or had 
withdrawn from UK Biobank. Participants diagnosed with a psychiatric disorder before Jan 31 were included 
in the group of individuals with pre-pandemic psychiatric disorders, whereas participants without a diagnosis 
before the outbreak were included in the group of individuals without pre-pandemic psychiatric disorders. We 
used the Public Health England dataset, UK Biobank hospital data, and death registers to collect data on COVID-19 
cases. To examine the relationship between pre-pandemic psychiatric disorders and susceptibility to COVID-19, we 
used logistic regression models to estimate odds ratios (ORs), controlling for multiple confounders and somatic 
comorbidities. Key outcomes were all COVID-19, COVID-19 specifically diagnosed in inpatient care, and COVID-19-
related deaths. ORs were also estimated separately for each psychiatric disorder and on the basis of the number of 
pre-pandemic psychiatric disorders. As a positive disease control, we repeated analyses for hospitalisation for 
other infections.

Findings We included 421 014 UK Biobank participants in our study and assessed their COVID-19 status between 
Jan 31 and July 26, 2020. 50 809 participants were diagnosed with psychiatric disorders before the outbreak, while 
370 205 participants had no psychiatric disorders. The mean age at outbreak was 67·80 years (SD 8·12). We observed 
an elevated risk of COVID-19 among individuals with pre-pandemic psychiatric disorders compared with that of 
individuals without such conditions. The fully adjusted ORs were 1·44 (95% CI 1·28–1·62) for All COVID-19 cases, 
1·55 (1·34–1·78) for Inpatient COVID-19 cases, and 2·03 (1·59–2·59) for COVID-19-related deaths. We observed 
excess risk, defined as risk that increased with the number of pre-pandemic psychiatric disorders, across all diagnostic 
categories of pre-pandemic psychiatric disorders. We also observed an association between psychiatric disorders and 
elevated risk of hospitalisation due to other infections (OR 1·74, 95% CI 1·58–1·93).

Interpretation Our findings suggest that pre-existing psychiatric disorders are associated with an increased risk of 
COVID-19. These findings underscore the need for surveillance of and care for populations with pre-existing 
psychiatric disorders during the COVID-19 pandemic. 
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Introduction
The 2020 COVID-19 pandemic, caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), is 
posing an unprecedented crisis worldwide.1 Given its 
rapid transmission and the substantial proportion of 
severe cases needing intensive medical care, this new 
and potent infectious disease has put major pressure 
on the global health-care system and the general public. 
According to WHO, SARS-CoV-2 has spread to over 
200 countries, infected over 36 million people, and led 
to more than one million deaths as of Oct 8, 2020,2 and 
the numbers keep increasing.

Psychiatric morbidities, such as depression, anxiety, 
and stress-related disorders, have been associated with 
an elevated risk of various somatic diseases, including 
autoimmune diseases,3 respiratory diseases,4 and severe 
infections,5 possibly due to altered immune responses.6 
Therefore, it is plausible that a pre-existing psychiatric 
disorder, diagnosed before the pandemic, might also 
alter individual susceptibility to COVID-19. Emerging 
evidence has shown a strong genetic association between 
having at least one psychiatric diagnosis and the 
occurrence of infections, which lends additional support 
to this notion.7 Suboptimal behaviours (eg, smoking)8 
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and socioeconomic status (eg, deprivation)9 among 
individuals with psychiatric disorders might also con
tribute to an increased vulnerability to COVID-19. 
Indeed, several COVID-19 studies, most of which used 
self-reported data or moderate sample sizes, have 
shown that unhealthy lifestyles,10 psychosocial factors 
(including self-reported psychological distress),11 and 
certain psychiatric disorders (ie, depression12, substance 
abuse and schizophrenia13) might increase the risk of 
COVID-19.

Yet, to our knowledge, no comprehensive assessment 
of the role of multiple types of clinically confirmed pre-
pandemic psychiatric disorders on COVID-19 susceptibility 
has been done to date using longitudinal data.

Taking advantage of the rich information on phenotypes 
relevant to psychiatric disorders, sociodemographic, 
socioeconomic, and lifestyle factors and the continuously 
updated data on COVID-19 infection in the UK Biobank, 
we aimed to determine the association between pre-
pandemic psychiatric disorders and the subsequent risk 
of COVID-19.

Methods
Study design
The UK Biobank is a prospective cohort study of 
502 507 middle-aged (40–69 years) participants from 
England, Scotland, and Wales who were recruited 
between 2006 and 2010. Information about socio-
demographic characteristics, lifestyle, and health-related 
factors was collected at recruitment. Health-related out
comes were obtained through periodically linked data 
from multiple national datasets, with the participants’ 
consent.14 Inpatient hospital data were mapped across 

England, Scotland, and Wales based on Hospital Episode 
Statistics (HES) in England, the Scottish Morbidity 
Record, and the Patient Episode Database for Wales. Data 
on mortality are updated from the National Health 
Service (NHS) Digital for participants in England and 
Wales and from the NHS Central Register for participants 
in Scotland.15 After the global outbreak of COVID-19, 
the UK Biobank has also been linked to Public Health 
England (PHE), where results of COVID-19 tests done by 
RT-PCR (RdRp gene assay) from oral swabs were 
documented.16 For this cohort analysis, we only included 
UK Biobank participants who were registered in England 
because no data on COVID-19 tests were available for 
participants in Scotland or Wales. 

Although only participants registered in England 
were included, we used all available linked data to 
retrieve information for individuals with records in 
multiple datasets. We excluded individuals who died 
before Jan 31, 2020 (ie, when the first COVID-19 case 
was diagnosed in the UK) or had withdrawn from 
the UK Biobank. Individuals with a clinical diagnosis of 
a psychiatric disorder before Jan 31 (the start of 
the COVID-19 outbreak in the UK) were included in the 
group of individuals with pre-pandemic psychiatric 
disorders, whereas participants without a diagnosis 
before the outbreak were included in the group without 
pre-pandemic psychiatric disorders.

All the UK Biobank participants gave written informed 
consent before data collection. The UK Biobank has full 
ethical approval from the NHS National Research Ethics 
Service (16/NW/0274), and this study was approved by 
the biomedical research ethics committee of West China 
Hospital (2020.661).

Research in context

Evidence before this study
Psychiatric morbidities have been associated with a risk of 
severe infections through compromised immunity, health 
behaviours, or both. Hence, it is plausible that past psychiatric 
problems can alter a person’s susceptibility to COVID-19. 
We searched PubMed up to Aug 10, 2020, with no language 
restrictions, using the search terms: ((“COVID-19” or 
“SARS-nCoV-2” or “novel coronavirus”) and (“psychiatric 
disorder” or “mental illness” or “depression” or “anxiety” or 
“stress disorder” or “substance misuse” or “psychotic disorders”) 
and (“cohort” or “longitudinal”)). The search yielded 77 records, 
including five eligible prospective cohort studies, two of which 
observed an elevated risk of hospitalisation for COVID-19 
among individuals with self-reported psychological problems, 
such as psychological distress. Similarly, the other three studies 
reported associations between selected psychiatric disorders 
(depression and schizophrenia) and the risk of COVID-19. 
However, we did not find any comprehensive assessment of the 
role of multiple types of clinically confirmed pre-pandemic 
psychiatric disorders on susceptibility to COVID-19, and little 

knowledge has been obtained about the possible underlying 
mechanism linking pre-pandemic psychiatric disorders to 
COVID-19.

Added value of this study
To the best of our knowledge, this is the first study, which used 
the large community-based dataset in the UK Biobank, 
to provide evidence of an increased risk of COVID-19, especially 
severe and fatal COVID-19, among individuals with clinically 
confirmed pre-pandemic diagnoses of psychiatric disorders, 
independent of many confounders. A similar association was 
observed between pre-pandemic psychiatric disorders and 
hospitalisation due to other infections during the COVID-19 
outbreak, suggesting a shared pathway between psychiatric 
disorders and different infections, which might involve altered 
immune responses.

Implications of all the available evidence
These findings underscore the need for surveillance of and care 
for populations with pre-existing psychiatric disorders during 
the COVID-19 pandemic.
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Pre-pandemic psychiatric disorders
We retrieved information about the diagnoses of 
psychiatric disorders from the UK Biobank inpatient 
hospital data, available since 1981.15 A pre-pandemic 
psychiatric disorder was defined as any hospital admis
sion before Jan 31, 2020, with a diagnosis of a psychiatric 
disorder, including depression (according to the 
International Classification of Diseases [ICD] 10th edition 
[ICD-10] codes F32–F33; ICD 9th edition [ICD-9] codes 
296.1, 300.4, and 311), anxiety (ICD-10 F40–F41; ICD-9 
300.0 and 300.2), stress-related disorder (ICD-10 F43; 
ICD-9 308 and 309), substance misuse (ICD-10 F10–F19; 
ICD-9 291 and 303–305), and psychotic disorders (ICD-10 
F20–F29; ICD-9 295, 297, and 298). The administrative 
data for psychiatric diagnoses, from HES in England and 
the equivalent datasets in Scotland and Wales, have been 
validated against detailed clinical evaluations, showing a 
good validity for some psychiatric diagnoses, especially 
psychotic categories (positive predictive value 73–80%) 
and depression (about 75%),17,18 but less robust validity for 
anxiety and substance use (<60%).17 

To capture individuals with less severe psychiatric 
disorders, we also analysed a subgroup of the study 
population with available primary care data, which were 
obtained from multiple data suppliers, including the 
Phoenix Partnership and Egton Medical Information 
Systems.15 For this analysis, we additionally defined a 
pre-pandemic psychiatric disorder as any primary care 
visit with a diagnosis of the previously mentioned 
psychiatric disorders.

Ascertainment of COVID-19
The ascertainment of COVID-19 mainly relied on the PHE 
dataset, which contained information about the specimen 
date, origin (inpatient or not), and results (positive or 
negative) of all COVID-19 tests done in England between 
March 16 and July 26, 2020.16 Additionally, we used UK 
Biobank inpatient hospital data and death registers—any 
diagnosis or cause of death recorded as U07.1 or 
U07.2 (ICD-10)—to ensure the inclusion of all COVID-19 
cases. Cases identified by either of these approaches were 
classified as All COVID-19.

Notably, the testing strategy varied over time in the UK. 
The initial tests were largely restricted to inpatients with 
symptoms, and a positive result was, therefore, a reasonable 
proxy for severe COVID-19. As testing capacity increased 
(after April 27, 2020), more community testing was 
introduced and all patients admitted to a hospital for an 
overnight stay, including asymptomatic ones, were tested. 
Accordingly, besides All COVID-19 cases, we did analyses 
specifically for Inpatient COVID-19 cases, defined as 
a hospital admission with a diagnosis of COVID-19 
according to the UK Biobank inpatient hospital data, or a 
positive test from PHE, provided that the origin of the test 
was marked as “inpatient”.

We defined COVID-19-related death as a death with 
COVID-19 (ICD-10 U07.1 and U07.2) as a cause of death 

according to data from the death registers (updated up to 
June 28, 2020).

Hospitalisation for other infections
To test our hypothesis that individuals with pre-pandemic 
psychiatric disorders are more susceptible to all severe 
infections5 including COVID-19 through, for instance 
compromised immunity, we used other infections that 
required hospital care during the study period as a positive 
disease control. Individuals hospitalised for other infections 
were defined as free of COVID-19 (either tested negative or 
were not tested [assumed negative]) and admitted to a 
hospital with a main diagnosis of other infections (ICD 
codes in the appendix, p 1) between Jan 31 and May 31, 2020, 
on the basis of UK Biobank inpatient hospital data.

Covariates
Data on sociodemographic characteristics (birth year, sex, 
and race or ethnicity), socioeconomic factors (Townsend 
deprivation index, educational attainment, and annual 
household income), and lifestyle factors (smoking status) 
were collected at baseline through questionnaires. Body- 
mass index (BMI) was calculated from height and weight 
measurements taken during the initial visit to an 
assessment centre. The postal codes of study participants 
were used to generate the Townsend deprivation index, 
which is widely used as a measure of area-level socio
economic deprivation, with higher scores representing 
greater deprivation.19 Additionally, history of somatic 
diseases that could affect COVID-19 susceptibility or 
course (ie, chronic cardiac disease, diabetes, chronic 
pulmonary disease, chronic kidney disease, and asthma; 
ICD codes listed in the appendix, p 1) were selected as 
covariates according to previous literature20 and were also 
extracted from the UK Biobank inpatient hospital data.

See Online for appendix

Figure 1: Study design
*The first COVID-19 case was diagnosed on Jan 31, 2020, in the UK. †Defined as psychiatric disorders identified 
from the UK Biobank inpatient hospital data before Jan 31, 2020.

50 809 individuals with pre-pandemic psychiatric 
disorders†
22 352 individuals with depression
16 573 individuals with anxiety

 872 individuals with stress-related disorder
23 620 individuals with substance misuse

1431 individuals with psychotic disorder

502 507 participants recruited to the UK Biobank 
between 2006 and 2010

421 014 included participants

81 493 excluded
56 649 registered in Scotland and Wales
24 831 died before Jan 31, 2020*

13  withdrew from UK Biobank

370 205 individuals without pre-pandemic 
psychiatric disorders†
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Statistical analysis
We examined the association between pre-pandemic 
psychiatric disorders and the risk of COVID-19 using 
odds ratios (ORs) with 95% CIs, derived from logistic 
regression models. We first did analyses for All 
COVID-19 cases, and then Inpatient COVID-19 cases 
and COVID-19-related deaths. Models were partly 
(models 1–3) or fully (model 4) adjusted for birth year, 
sex (men or women), race or ethnicity (White, Asian, 
Black, others, or unknown), the Townsend deprivation 
index (as a continuous variable), educational attainment 
(college degree, A-level, O-level, Certificate of Secondary 
Education [CSE] or equivalent, National Vocation 
Qualifications [NVQ] or equivalent, other professional 
qualifications, or unknown), annual household income 
(<£18 000, £18 000–30 999, £31 000–51 999, £52 000–100 000, 
>£100 000, or prefer not to answer), BMI (<18·5 kg/m², 
18·5–24·9 kg/m², 25·0–29·9 kg/m², ≥30·0 kg/m², or 
unknown), smoking status (never, ever, or unknown), 
and a history of chronic cardiac disease (yes or no), 
diabetes (yes or no), chronic pulmonary disease (yes or 
no), chronic kidney disease (yes or no), and asthma (yes 
or no).

Subgroup analyses calculated ORs by age at the time of 
the outbreak (ie, Jan 31, 2020, by tertiles ≤64, 65–72, or 
≥73 years), sex (men or women), race or ethnicity (White, 
Black, or others), the Townsend deprivation score (by 
tertiles low [≤–3·15], middle [–3·16 to ≤–0·63], or high 
[≥–0·64]), educational attainment (college degree, A-level, 
O-level, CSE or equivalent, NVQ or equivalent, or other 
professional qualifications), annual household income 
(<£18 000, £18 000–51 999, or ≥£52 000), BMI (<18·5 kg/m², 
18·5–24·9 kg/m², 25·0–29·9 kg/m², or ≥30·0 kg/m²), 
smoking status (never or ever), and the number of somatic 
comorbidities (0, 1, 2, or ≥3). Furthermore, we explored 
whether the effect of pre-pandemic psychiatric disorders 
on susceptibility to COVID-19 varied during different 
stages of the outbreak, by analysing the associations in 
different time periods (until March 31, 2020, between 
April 1 and May 31, and from June 1 onward). Additionally, 
we separately investigated the associations according to 
time since the first diagnosis of a psychiatric disorder 
(<1, 1–2, 3–4, 5–9, or ≥10 years) and the number of pre-
pandemic psychiatric disorders (1, 2, or ≥3). The differences 
in ORs were assessed by introducing an interaction term 
to the logistic models or by Wald test. 

In addition to considering all pre-pandemic psychiatric 
disorders as one group, we did separate analyses 
for five subtypes of psychiatric disorders: depression, 
anxiety, stress-related disorder, substance misuse, and 
psychotic disorder. Furthermore, restricting analyses to 
participants with available data on both inpatient stay 
and primary care, we assessed the differences in ORs 
between pre-pandemic psychiatric disorders on the 
basis of different sources of diagnosis (ie, both inpatient 
and primary care, only inpatient care, or only primary 
care), and COVID-19-related outcomes.

Individuals with 
pre-pandemic 
psychiatric disorders 
(n=50 809)

Individuals without 
pre-pandemic 
psychiatric disorders 
(n=370 205)

Total (n=421 014)

Age at the outbreak*, years 67·80 (8·12) 67·70 (8·12) 67·80 (8·12)

Age group, years

≤64 17 760 (35·0%) 129 548 (35·0%) 147 308 (35·0%)

65–72 15 278 (30·1%) 112 637 (30·4%) 127 915 (30·4%)

≥73 17 771 (35·0%) 128 020 (34·6%) 145 791 (34·6%)

Sex

Men 22 016 (43·3%) 166 846 (45·1%) 188 862 (44·9%)

Women 28 793 (56·7%) 203 359 (54·9%) 232 152 (55·1%)

Race or ethnicity

White 47 670 (93·8%) 346 013 (93·5%) 393 683 (93·5%)

Asian 985 (1·9%) 9536 (2·6%) 10 521 (2·5%)

Black 839 (1·7%) 6797 (1·8%) 7636 (1·8%)

Others 899 (1·8%) 5887 (1·6%) 6786 (1·6%)

Unknown 416 (0·8%) 1972 (0·5%) 2388 (0·6%)

Townsend deprivation index –0·38 (3·4) –1·46 (3·0) –1·33 (3·1)

Educational attainment

College degree 11 528 (22·7%) 123 672 (33·4%) 135 200 (32·1%)

A-level 5052 (9·9%) 41 703 (11·3%) 46 755 (11·1%)

O-level 10 767 (21·2%) 79 083 (21·4%) 89 850 (21·3%)

Certificate of Secondary 
Education or equivalent

3587 (7·1%) 20 732 (5·6%) 24 319 (5·8%)

National Vocation 
Qualifications or equivalent

3839 (7·6%) 23 446 (6·3%) 27 285 (6·5%)

Other professional 
qualifications

2559 (5·0%) 18 843 (5·1%) 21 402 (5·1%)

Unknown 13 477 (26·5%) 62 726 (16·9%) 76 203 (18·1%)

Annual household income, £

<18 000 15 256 (30·0%) 62 957 (17·0%) 78 213 (18·6%)

18 000–30 999 11 123 (21·9%) 79 032 (21·4%) 90 155 (21·4%)

31 000–51 999 9018 (17·8%) 84 704 (22·9%) 93 722 (22·3%)

52 000–100 000 5303 (10·4%) 68 606 (18·5%) 73 909 (17·6%)

>100 000 995 (2·0%) 19 030 (5·1%) 20 025 (4·7%)

Prefer not to answer 9114 (17·9%) 55 876 (15·1%) 64 990 (15·4%)

Body-mass index, kg/m²

<18·5 338 (0·7%) 1757 (0·5%) 2095 (0·5%)

18·5–24·9 14 046 (27·6%) 124 194 (33·6%) 138 240 (32·8%)

25·0–29·9 20 274 (39·9%) 157 785 (42·6%) 178 059 (42·3%)

≥30·0 15 636 (30·8%) 84 536 (22·8%) 100 172 (23·8%)

Unknown 515 (1·0%) 1933 (0·5%) 2448 (0·6%)

Smoking status

Never 17 911 (35·3%) 214 971 (58·1%) 232 882 (55·3%)

Ever 32 478 (63·9%) 153 182 (41·4%) 185 660 (44·1%)

Unknown 420 (0·8%) 2052 (0·6%) 2472 (0·6%)

Chronic cardiac disease

Yes 10 999 (21·7%) 28 915 (7·8%) 39 914 (9·5%)

No 39 810 (78·4%) 341 290 (92·2%) 381 100 (90·5%)

Diabetes

Yes 7557 (14·9%) 23 398 (6·3%) 30 955 (7·4%)

No 43 252 (85·1%) 346 807 (93·7%) 390 059 (92·7%)

(Table 1 continues on next page)
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We explored the association of pre-pandemic psychi
atric disorders with susceptibility to other severe 
infections, excluding COVID-19, by re-running all 
analyses for the positive disease control outcome—
hospitalisation for other infections. We then repeated all 
the main analyses using the primary diagnoses of 
psychiatric disorders only in the UK Biobank inpatient 
hospital data, to test the robustness of the results for 
this definition of pre-pandemic psychiatric disorders. 
Moreover, because the testing strategy in the UK changed 
considerably on April 27, 2020, we did another sensitivity 
analysis that only included data from the study period 
before this date. Lastly, to test the effect of surveillance 
bias (ie, the increased probability of detecting outcome in 
individuals with psychiatric disorders due to increased 
medical surveillance, compared with those without 
psychiatric disorders), we did a bias analysis. By assuming 
5–50% under-ascertainment of COVID-19 outcomes in 
individuals without psychiatric disorders but no such 
under-ascertainment in those with psychiatric disorders 
(ie, extreme scenario), we plotted the changes of ORs, on 
the basis of average estimates derived from 100 datasets 
with some proportion of misclassified cases randomly 
selected from individuals without psychiatric disorders. 
All the analyses were done with R software, version 3.6. 
A 2-sided p<0·05 was considered statistically significant.

Role of the funding source
The sponsor of the study had no role in study design, 
data analysis, data interpretation, writing of the report, or 
the decision to submit the paper for publication. The 
corresponding author had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
Of the 445 858 UK Biobank participants from England, 
24 844 (5·6%) died before Jan 31, 2020, or had withdrawn 
from UK Biobank, resulting in 421 014 participants 
included in the analysis (figure 1). The mean age at the 
time of the COVID-19 outbreak was 67·80 years (SD 8·12) 
and 188 862 (44·9%) of study participants were men 
(table 1). We identified 50 809 (12·1%) individuals with a 
pre-pandemic psychiatric disorder, and 370 205 (87·9%) 
individuals without psychiatric disorders. While we 
observed no differences in age, sex, or race or ethnicity, 
we found higher proportions of individuals with pre-
pandemic psychiatric disorders who were smokers, had 
higher BMI, and lower socioeconomic status compared 
with individuals without pre-pandemic psychiatric dis
orders (table 1). We also found higher proportions of 
individuals with pre-pandemic psychiatric disorders who 
had a history of severe somatic comorbidities, such as 
chronic cardiac disease and diabetes, compared with 
those without psychiatric disorders.

As of July 26, 2020, 13 502 (3·2%) of 421 014 study 
participants were tested for COVID-19. We identified 

1951 participants with a COVID-19 positive test or 
diagnosis or COVID-19 as cause of death, 1350 (69·2%) 
of whom were Inpatient COVID-19 cases. 1650 partici
pants were identified as having COVID-19 because 
of tests, corresponding to a positive rate of 12·2% 
(1650 of 13 502) among all tested participants. There 
were 376 COVID-19-related deaths up to June 28 
(table 1).

We observed an elevated risk of COVID-19 among 
individuals with pre-pandemic psychiatric disorders 
compared with individuals without such conditions 
(figure 2). Of 50 809 individuals with pre-pandemic 
psychiatric disorders, 442 (0·9%) were identified as All 
COVID-19 cases, of whom 338 (0·7%) were Inpatient 
COVID-19 cases, and 120 (0·2%) had COVID-19-related 
death. By contrast, of 370 205 individuals without 
pre-pandemic psychiatric disorders, 1509 (0·4%) were 
identified as All COVID-19 cases, 1012 (0·3%) were 

Individuals with 
pre-pandemic 
psychiatric disorders 
(n=50 809)

Individuals without 
pre-pandemic 
psychiatric disorders 
(n=370 205)

Total (n=421 014)

(Continued from previous page)

Chronic pulmonary disease

Yes 7261 (14·3%) 12 141 (3·3%) 19 402 (4·6%)

No 43 548 (85·7%) 358 064 (96·7%) 401 612 (95·4%)

Chronic kidney disease

Yes 3575 (7·0%) 9893 (2·7%) 13 468 (3·2%)

No 47 234 (93·0%) 360 312 (97·3%) 407 546 (96·8%)

Asthma

Yes 8820 (17·4%) 29 180 (7·9%) 38 000 (9·0%)

No 41 989 (82·6%) 341 025 (92·1%) 383 014 (91·0%)

Number of somatic comorbidities

0 26 304 (51·8%) 291 683 (78·8%) 317 987 (75·5%)

1 14 923 (29·4%) 59 146 (16·0%) 74 069 (17·6%)

2 6391 (12·6%) 14 758 (4·0%) 21 149 (5·0%)

≥3 3191 (6·3%) 4618 (1·3%) 7809 (1·9%)

COVID-19 status and severity

All COVID-19

Yes 442 (0·9%) 1509 (0·4%) 1951 (0·5%)

No 50 367 (99·1%) 368 696 (99·6%) 419 063 (99·5%)

Inpatient COVID-19

Yes 338 (0·7%) 1012 (0·3%) 1350 (0·3%)

No 50 471 (99·3%) 369 193 (99·7%) 419 664 (99·7%)

COVID-19-related death

Yes 120 (0·2%) 256 (0·1%) 376 (0·1%)

No 50 689 (99·8%) 369 949 (99·9%) 420 638 (99·9%)

Hospitalisation for other infections†

Yes 700 (1·4%) 1852 (0·5%) 2552 (0·6%)

No 50 109 (98·6%) 368 353 (99·5%) 418 462 (99·4%)

Data are n (%) or mean (SD). *The first COVID-19 case in the UK was diagnosed on Jan 31, 2020. †Hospitalisation for 
other infections was defined as a hospital admission with a main diagnosis of any other infections than COVID-19 
between Jan 31 and May 31, 2020, according to the UK Biobank inpatient hospital data; we excluded all individuals 
with confirmed COVID-19.

Table 1: Characteristics of the study cohort
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Inpatient COVID-19 cases, and 256 (0·1%) had 
COVID-19-related death. These proportions in the group 
of people with psychiatric disorders corresponded to a 
birth year-adjusted and sex-adjusted OR of 2·16 (95% CI 
1·94–2·40) for All COVID-19 cases (model 1, appendix 
p 2), which decreased to 1·85 (1·65–2·07) when adjusting 
for more confounders (models 2 and 3) and then 1·44 
(1·28–1·62) when adding somatic comorbidities into the 
models (model 4). The fully adjusted OR (model 4) was 
1·55 (95% CI 1·34–1·78) for Inpatient COVID-19 and 
2·03 (95% CI 1·59–2·59) for COVID-19-related death 
(figure 2). The observed ORs were similar between all 
studied subtypes of pre-pandemic psychiatric disorders, 
with the highest point estimates observed for depression, 
psychotic disorder, and anxiety (figure 2). Similar 
patterns of results were observed for hospitalisation for 
other infections (figure 2). The fully adjusted OR of 
hospitalisation for other infections was 1·74 (95% CI 
1·58–1·93) for any pre-pandemic psychiatric disorder.

The elevated risk of COVID-19 in individuals with 
pre-pandemic psychiatric disorders did not differ by 
sex, race or ethnicity, Townsend deprivation index, 
educational attainment, annual household income, 
BMI, smoking status, number of somatic comorbidities, 
or the stage of the COVID-19 outbreak (table 2). 
However, the ORs were somewhat higher among 
individuals older than 64 years for All COVID-19 cases 
(pinteraction <0·0001), Inpatient COVID-19 cases (pinteraction 
<0·0001), and COVID-19-related death (pinteraction =0·011; 
table 2). 

We found no clear difference in ORs for time since the 
first diagnosis of a pre-pandemic psychiatric disorder. 
However, we observed an excess risk of COVID-19 with a 
greater number of pre-pandemic psychiatric disorders 
(ptrend <0·0001; table 3).

178 661 (42·4%) of 421 014 participants had additional 
primary care data available. In the sub-analyses of these 
participants, we observed lower, but yet statistically 

Figure 2: Risk of COVID-19 and other infections among individuals with any or specific pre-pandemic psychiatric disorders compared with that of individuals 
without such disorders
ORs (95% CI) were derived from logistic regression models, adjusted for birth year, sex, race or ethnicity, Townsend deprivation index, educational attainment, annual 
household income, body-mass index, smoking status, and history of chronic cardiac disease, diabetes, chronic pulmonary disease, chronic kidney disease, 
and asthma. OR=odds ratio. *Hospitalisation for other infections was defined as a hospital admission with a main diagnosis of any infection other than COVID-19 
between Jan 31 and May 31, 2020, according to the UK Biobank inpatient hospital data; we excluded all individuals with confirmed COVID-19.

Number of cases, n/N (%) OR (95% CI)

Individuals with pre-pandemic
psychiatric disorders

Individuals without pre-pandemic
psychiatric disorders

All COVID-19

Any pre-pandemic psychiatric disorder

Depression

Anxiety

Stress-related disorder

Substance misuse

Psychotic disorder

Inpatient COVID-19

Any pre-pandemic psychiatric disorder

Depression

Anxiety

Stress-related disorder

Substance misuse

Psychotic disorder

COVID-19-related death

Any pre-pandemic psychiatric disorder

Depression

Anxiety

Stress-related disorder

Substance misuse

Psychotic disorder

Hospitalisation for other infection*

Any pre-pandemic psychiatric disorder

Depression

Anxiety

Stress-related disorder

Substance misuse

Psychotic disorder

442/50 809 (0·87%)

231/22 352 (1·03%)

165/16 573 (1·00%)

10/872 (1·15%)

212/23 620 (0·90%)

19/1431 (1·33%)

338/50 809 (0·67%)

172/22 352 (0·77%)

124/16 573 (0·75%)

7/872 (0·80%)

173/23 620 (0·73%)

13/1431 (0·91%)

120/50 809 (0·24%)

68/22 352 (0·30%)

39/16 573 (0·24%)

3/872 (0·34%)

51/23 620 (0·22%)

8/1431 (0·56%)

700/50 809 (1·38%)

340/22 352 (1·52%)

262/16 573 (1·58%)

7/872 (0·80%)

343/23 620 (1·45%)

34/1431 (2·38%)

1509/370 205 (0·41%)

1720/398 662 (0·43%)

1786/404 441 (0·44%)

1941/420 142 (0·46%)

1739/397 394 (0·44%)

1932/419 583 (0·46%)

1012/370 205 (0·27%)

1178/398 662 (0·30%)

1226/404 441 (0·30%)

1343/420 142 (0·32%)

1177/397 394 (0·30%)

1337/419 583 (0·32%)

256/370 205 (0·07%)

308/398 662 (0·08%)

337/404 441 (0·08%)

373/420 142 (0·09%)

325/397 394 (0·08%)

368/419 583 (0·09%)

1852/370 205 (0·50%)

2212/398 662 (0·56%)

2290/404 441 (0·57%)

2545/420 142 (0·61%)

2209/397 394 (0·56%)

2518/419 583 (0·60%)

1·44 (1·28−1·62)

1·62 (1·40−1·87)

1·60 (1·36−1·89)

1·49 (0·79−2·80)

1·25 (1·05−1·48)

1·60 (1·01−2·54)

1·55 (1·34−1·78)

1·70 (1·43−2·01)

1·70 (1·40−2·05)

1·47 (0·69−3·12)

1·39 (1·14−1·69)

1·47 (0·84−2·56)

2·03 (1·59−2·59)

2·68 (2·03−3·54)

1·89 (1·34−2·66)

2·75 (0·87−8·77)

1·16 (0·81−1·66)

3·50 (1·70−7·17)

1·74 (1·58−1·93)

1·73 (1·53−1·95)

1·81 (1·58−2·07)

0·82 (0·39−1·73)

1·47 (1·27−1·69)

2·43 (1·71−3·46)

0·5 1·0 1·5 2·0 4·0
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significantly increased ORs for psychiatric disorders 
identified only in primary care (appendix p 3).

OR estimates were not modified by either defining 
pre-pandemic psychiatric disorders only on the basis 
of primary diagnosis in the UK Biobank inpatient 

hospital data, nor by restricting the analyses to the 
time period before April 27, 2020 (appendix pp 4–5). 
Furthermore, results of the surveillance bias analysis 
suggested that the observed associations stay valid 
when the outcome was underestimated up to 50% in 

All COVID-19 Inpatient COVID-19 COVID-19-related deaths

Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) pinteraction Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) pinteraction Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) pinteraction 

By age, years <0·0001 <0·0001 0·011

≤64 96/17 760 
(0·5%)

603/129 548 
(0·5%)

0·93 
(0·73–1·17)

68/17 760 
(0·4%)

338/129 548 
(0·3%)

1·10 
(0·82–1·47)

13/17 760 
(0·1%)

19/129 548 
(0·01%)

2·27 
(0·96–5·33)

65–72 125/15 278 
(0·8%)

292/112 637 
(0·3%)

1·83 
(1·44–2·34)

104/15 278 
(0·7%)

208/112 637 
(0·2%)

1·96 
(1·49–2·59)

34/15 278 
(0·2%)

41/112 637 
(0·04%)

3·07 
(1·80–5·25)

≥73 221/17 771 
(1·2%)

614/128 020 
(0·5%)

1·74 
(1·46–2·06)

166/17 771 
(0·9%)

466/128 020 
(0·4%)

1·64 
(1·35–2·00)

73/17 771 
(0·4%)

196/128 020 
(0·2%)

1·69 
(1·25–2·28)

By sex 0·25 0·73 0·52

Men 244/22 016 
(1·1%)

787/166 846 
(0·5%)

1·58 
(1·34–1·86)

193/22 016 
(0·9%)

566/166 846 
(0·3%)

1·61 
(1·34–1·94)

74/22 016 
(0·3%)

167/166 846 
(0·1%)

1·99 
(1·46–2·72)

Women 198/28 793 
(0·7%)

722/203 359 
(0·4%)

1·30 
(1·09–1·55)

145/28 793 
(0·5%)

446/203 359 
(0·2%)

1·47 
(1·19–1·82)

46/28 793 
(0·2%)

89/203 359 
(0·04%)

2·14 
(1·43–3·20)

By race or ethnicity 0·53 0·93 0·90

White 408/47 670 
(0·9%)

1288/346 013 
(0·4%)

1·54 
(1·36–1·74)

307/47 670 
(0·6%)

856/346 013 
(0·3%)

1·64 
(1·41–1·90)

108/47 670 
(0·2%)

225/346 013 
(0·1%)

2·06 
(1·59–2·68)

Black 17/839 
(2·0%)

81/6797 
(1·2%)

1·27 
(0·70–2·29)

16/839  
(1·9%)

57/6797  
(0·8%)

1·69 
(0·90–3·17)

6/839 
(0·7%)

17/6797  
(0·3%)

1·92 
(0·67–5·49)

Others 12/1884 
(0·6%)

129/15 423 
(0·8%)

0·48 
(0·25–0·91)

11/1884 
(0·6%)

92/15 423 
(0·6%)

0·59 
(0·30–1·17)

5/1884 
(0·3%)

10/15 423 
(0·1%)

2·91 
(0·85–9·92)

By Townsend deprivation score 0·079 0·18 0·46

Low 84/12 793 
(0·7%)

394/127 548 
(0·3%)

1·60 
(1·24–2·06)

64/12 793 
(0·5%)

250/127 548 
(0·2%)

1·88 
(1·39–2·53)

24/12 793 
(0·2%)

63/127 548 
(0·1%)

2·23 
(1·33–3·75)

Middle 121/14 884 
(0·8%)

467/125 417 
(0·4%)

1·54 
(1·23–1·92)

84/14 884 
(0·6%)

316/125 417 
(0·3%)

1·51 
(1·16–1·98)

28/14 884 
(0·2%)

79/125 417 
(0·1%)

1·89 
(1·17–3·07)

High 237/23 132 
(1·0%)

648/117 240 
(0·6%)

1·34 
(1·13–1·59)

190/23 132 
(0·8%)

446/117 240 
(0·4%)

1·46 
(1·20–1·77)

68/23 132 
(0·3%)

114/117 240 
(0·1%)

2·00 
(1·43–2·81)

By educational attainment 0·30 0·21 0·39

College degree 73/11 528 
(0·6%)

394/123 672 
(0·3%)

1·39 
(1·06–1·83)

54/11 528 
(0·5%)

266/123 672 
(0·2%)

1·53 
(1·11–2·12)

16/11 528 
(0·1%)

57/123 672 
(0·1%)

1·43 
(0·77–2·66)

A-level 34/5052 
(0·7%)

128/41 703 
(0·3%)

1·68 
(1·10–2·57)

28/5052 
(0·6%)

78/41 703 
(0·2%)

2·31 
(1·42–3·74)

6/5052 
(0·1%)

17/41 703 
(0·04%)

2·05 
(0·73–5·75)

O-level 58/10 767 
(0·5%)

293/79 083 
(0·4%)

1·16 
(0·85–1·57)

42/10 767 
(0·4%)

194/79 083 
(0·3%)

1·20 
(0·84–1·73)

19/10 767 
(0·2%)

42/79 083 
(0·1%)

2·46 
(1·36–4·45)

CSE or 
equivalent

28/3587 
(0·8%)

103/20 732 
(0·5%)

1·23 
(0·77–1·97)

16/3587 
(0·5%)

63/20 732 
(0·3%)

0·95 
(0·51–1·76)

2/3587 
(0·1%)

9/20 732 
(0·04%)

0·69 
(0·13–3·73)

NVQ or 
equivalent

39/3839 
(1·0%)

123/23 446 
(0·5%)

1·58 
(1·05–2·36)

32/3839 
(0·8%)

73/23 446 
(0·3%)

2·07 
(1·29–3·30)

6/3839 
(0·2%)

18/23 446 
(0·1%)

1·46 
(0·51–4·20)

Other 
professional 
qualifications

32/2559 
(1·3%)

94/18 843 
(0·5%)

1·71 
(1·09–2·68)

22/2559 
(0·9%)

64/18 843 
(0·3%)

1·62 
(0·94–2·79)

15/2559 
(0·6%)

18/18 843 
(0·1%)

4·42 
(2·09–9·36)

By annual household income, £ 0·30 0·25 0·58

<18 000 183/15 256 
(1·2%)

347/62 957 
(0·6%)

1·64 
(1·34–2·01)

145/15 256 
(1·0%)

245/62 957 
(0·4%)

1·70 
(1·35–2·16)

56/15 256 
(0·4%)

86/62 957 
(0·1%)

2·08 
(1·42–3·03)

18 000–51 999 128/20 141 
(0·6%)

634/163 736 
(0·4%)

1·22 
(0·99–1·50)

90/20 141 
(0·5%)

409/163 736 
(0·3%)

1·31 
(1·02–1·69)

29/20 141 
(0·1%)

90/163 736 
(0·1%)

1·90 
(1·20–3·01)

≥52 000 31/6298 
(0·5%)

266/87 636 
(0·3%)

1·26 
(0·85–1·88)

20/6298 
(0·3%)

170/87 636 
(0·2%)

1·23 
(0·75–2·01)

9/6298 
(0·1%)

25/87 636 
(0·03%)

2·67 
(1·12–6·33)

(Table 2 continues on next page)
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individuals without pre-pandemic psychiatric disorders 
(appendix p 6).

Discussion
Using a large-scale community-based cohort in the UK, we 
found that individuals with clinically confirmed pre-
pandemic psychiatric disorders were at elevated risk of 
COVID-19, particularly COVID-19-related hospitalisations 
and mortality. The associations between pre-pandemic 
psychiatric disorders and elevated risk of COVID-19 were 
independent of many potential confounders, such as 
socioeconomic status and smoking, but were somehow 
affected by history of somatic comorbidities. Additionally, 
the associations were stronger for individuals with 
multiple pre-pandemic psychiatric disorders, as well as for 
individuals diagnosed in inpatient care compared with 

primary care. Notably, we observed a similar increased risk 
of other infections requiring hospitalisation during the 
COVID-19 outbreak in individuals with psychiatric 
disorders, supporting the hypothesis that psychiatric dis
orders might alter the susceptibility to COVID-19 through 
multiple similar mechanisms, such as compromised 
immunity.

Although few comparable data exist in the setting of 
COVID-19, the association between psychiatric disorders 
and subsequent infections has been consistently shown in 
previous studies. Several experimental studies suggest a 
dose-dependent association between psychological stress 
and acute infectious respiratory illness.4,21,22 Similarly, 
studies using large population-based registers5,23 have 
shown an association between psychiatric disorders, 
especially stress-related disorder, and subsequent severe 

All COVID-19 Inpatient COVID-19 COVID-19-related deaths

Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) pinteraction Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) pinteraction Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) pinteraction 

(Continued from previous page)

By BMI level, kg/m² 0·68 0·41 0·46

<18·5 1/338  
(0·3%)

7/1757  
(0·4%)

0·41 
(0·03–6·18)

1/338  
(0·3%)

5/1757  
(0·3%)

0·32 
(0·01–7·51)

0/338  
(0%)

3/1757  
(0·2%)

··

18·5–24·9 108/14 046 
(0·8%)

343/124 194 
(0·3%)

1·75 
(1·36–2·26)

81/14 046 
(0·6%)

206/124 194 
(0·2%)

2·04 
(1·50–2·77)

27/14 046 
(0·2%)

42/124 194 
(0·03%)

2·41 
(1·34–4·34)

25·0–29·9 160/20 274 
(0·8%)

654/157 785 
(0·4%)

1·41 
(1·16–1·71)

120/20 274 
(0·6%)

441/157 785 
(0·3%)

1·49 
(1·19–1·87)

42/20 274 
(0·2%)

107/157 785 
(0·1%)

2·04 
(1·37–3·04)

≥30·0 164/15 636 
(1·1%)

491/84 536 
(0·6%)

1·29 
(1·06–1·57)

128/15 636 
(0·8%)

351/84 536 
(0·4%)

1·34 
(1·07–1·67)

45/15 636 
(0·3%)

99/84 536 
(0·1%)

1·75 
(1·18–2·58)

By smoking status 0·051 0·069 0·022

Never 152/17 911 
(0·9%)

776/214 971 
(0·4%)

1·60 
(1·33–1·93)

110/17 911 
(0·6%)

490/214 971 
(0·2%)

1·75 
(1·41–2·19)

40/17 911 
(0·2%)

100/214 971 
(0·1%)

2·91 
(1·97–4·30)

Ever 281/32 478 
(0·9%)

719/153 182 
(0·5%)

1·26 
(1·08–1·46)

221/32 478 
(0·7%)

512/153 182 
(0·3%)

1·35 
(1·14–1·61)

78/32 478 
(0·2%)

152/153 182 
(0·1%)

1·64 
(1·22–2·20)

By the number of somatic comorbidities 0·54 0·62 0·47

0 142/26 304 
(0·5%)

927/291 683 
(0·3%)

1·57 
(1·30–1·89)

96/26 304 
(0·4%)

581/291 683 
(0·2%)

1·70 
(1·35–2·13)

27/26 304 
(0·1%)

111/291 683 
(0·04%)

2·34 
(1·50–3·66)

1 119/14 923 
(0·8%)

333/59 146 
(0·6%)

1·37 
(1·09–1·72)

94/14 923 
(0·6%)

231/59 146 
(0·4%)

1·56 
(1·20–2·02)

31/14 923 
(0·2%)

78/59 146 
(0·1%)

1·81 
(1·16–2·83)

2 98/6391 
(1·5%)

155/14 758 
(1·1%)

1·61 
(1·22–2·13)

78/6391 
(1·2%)

122/14 758 
(0·8%)

1·55 
(1·13–2·12)

33/6391 
(0·5%)

38/14 758 
(0·3%)

2·23 
(1·34–3·71)

≥3 83/3191 
(2·6%)

94/4618 
(2·0%)

1·38 
(0·99–1·91)

70/3191 
(2·2%)

78/4618  
(1·7%)

1·38 
(0·96–1·98)

29/3191 
(0·9%)

29/4618 
(0·6%)

1·73 
(0·98–3·06)

By time periods 0·46 0·47 0·85

Until March 31, 
2020

111/50 809 
(0·2%)

336/370 205 
(0·1%)

1·57 
(1·23–2·00)

107/50 809 
(0·2%)

321/370 205 
(0·1%)

1·59 
(1·24–2·04)

39/50 809 
(0·1%)

88/370 205 
(0·02%)

1·92 
(1·25–2·95)

April 1 to 
May 31, 2020

301/50 698 
(0·6%)

1044/369 869 
(0·3%)

1·43 
(1·24–1·65)

214/50 702 
(0·4%)

662/369 884 
(0·2%)

1·49 
(1·25–1·77)

77/50 770 
(0·2%)

159/370 117 
(0·04%)

2·12 
(1·56–2·88)

June 1, 2020 
onward

30/50 397 
(0·1%)

129/368 825 
(0·04%)

1·14 
(0·73–1·77)

17/50 488 
(0·03%)

29/369 222 
(0·01%)

2·28 
(1·17–4·47)

4/50 693 
(0·01%)

9/369 958 
(0·002%)

1·51 
(0·44–5·22)

Data are n/N (%), unless otherwise specified. ORs (95% CI) were derived from logistic regression models, adjusted for birth year, sex, race or ethnicity, Townsend deprivation index, educational attainment, annual 
household income, BMI, smoking status, and history of chronic cardiac disease, diabetes, chronic pulmonary disease, chronic kidney disease, and asthma. BMI=body-mass index. CSE=Certificate of Secondary 
Education. NVQ=National Vocation Qualifications. OR=odds ratio. 

Table 2: Risk of COVID-19 among individuals with pre-pandemic psychiatric disorders by different characteristics, compared with that of individuals without such conditions
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infections in the general population. Recent studies 
have examined these associations in the context of the 
COVID-19 pandemic, indicating that a range of psycho
social factors,11 including self-reported symptoms of 
psychological distress, and certain psychiatric disorders 
(depression,12 substance use, and schizophrenia13) were 
associated with an increased risk of COVID-19. 
Nevertheless, the effect of multiple types of psychiatric 
disorders on COVID-19 was not addressed in those 
studies. Our findings of an association between clinically 
confirmed psychiatric disorders and an increased risk of 
COVID-19, especially severe and fatal COVID-19, 
underscore the need for surveillance of and care for 
populations with a history of psychiatric disorders during 
the COVID-19 outbreak.

Although the underlying mechanisms for the 
observed association remain unclear, the activation 
of the hypothalamic-pituitary-adrenal axis among 
individuals with psychiatric disorders has been widely 
reported.6,24 This activation can lead to altered circulating 
glucocorticoids25 and, subsequently, suppressed cell-
mediated and humoral immunity.26 As a result, the 
weakened immune system might increase a person’s 
risk of being infected by SARS-CoV-2 when exposed. 
Furthermore, the overproduction of inflammatory 
cytokines induced by glucocorticoid receptor resistance 
can play an important role in the progression of severe 
infections.27 Indeed, increased cytokine levels have been 

reported to be correlated with disease deterioration 
and fatal COVID-19.28 Alternatively, individuals with 
psychiatric disorders are at increased risk of multiple 
serious somatic conditions, and our findings of attenu
ated ORs after adjusting for somatic comorbidities 
indicate that such comorbidities might contribute 
to the observed association with severe COVID-19 
outcomes.

The major merit of our study is the use of longitudinal 
data for which information bias was minimised because 
the diagnosis and registration of psychiatric disorders 
before the outbreak and COVID-19-related outcomes 
were compiled prospectively and independently. The use 
of the positive control outcome (ie, hospitalisation for 
other infections) provides support for the existence of a 
pathway between psychiatric disorders and susceptibility 
to infections in general, shedding light on the potential 
underlying mechanism linking pre-pandemic psychiatric 
disorders to COVID-19 risk. The sample in UK Biobank 
enabled detailed analyses for all subgroups, and the 
availability of extensive phenotypic data allowed for the 
consideration of a wide range of confounding factors.

This study has several notable limitations. First, given 
that individuals with psychiatric disorders have established 
contact with the health-care system and thus might have 
more opportunities to report their respiratory symptoms 
and to be tested for COVID-19, surveillance bias might 
exist. Nevertheless, the obvious shortage of medical 

All COVID-19 Inpatient COVID-19 COVID-19-related deaths

Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) ptrend Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) ptrend Individuals 
with pre-
pandemic 
psychiatric 
disorders

Individuals 
without pre-
pandemic 
psychiatric 
disorders

OR (95% CI) ptrend 

Time since the first diagnosis of psychiatric disorders, years 0·15 0·34 0·82

<1 58/5207 
(1·1%)

1509/370 205 
(0·4%)

2·01 (1·54–2·63) 49/5207 
(0·9%)

1012/370 205 
(0·3%)

2·42 
(1·80–3·24)

10/5207 
(0·2%)

256/370 205 
(0·1%)

1·72 
(0·91–3·26)

1–2 83/9697 
(0·9%)

1509/370 205 
(0·4%)

1·54 (1·23–1·93) 57/9697 
(0·6%)

1012/370 205 
(0·3%)

1·50 
(1·14–1·97)

25/9697 
(0·3%)

256/370 205 
(0·1%)

2·37 
(1·55–3·61)

3–4 65/8777 
(0·7%)

1509/370 205 
(0·4%)

1·28 (0·99–1·66) 40/8777 
(0·5%)

1012/370 205 
(0·3%)

1·11 
(0·81–1·54)

20/8777 
(0·2%)

256/370 205 
(0·1%)

2·01 
(1·26–3·22)

5–9 152/18 646 
(0·8%)

1509/370 205 
(0·4%)

1·31 (1·10–1·57) 123/18 646 
(0·7%)

1012/370 205 
(0·3%)

1·49 
(1·21–1·82)

41/18 646 
(0·2%)

256/370 205 
(0·1%)

1·81 
(1·26–2·59)

≥10 84/8482 
(1·0%)

1509/370 205 
(0·4%)

1·40 (1·11–1·76) 69/8482 
(0·8%)

1012/370 205 
(0·3%)

1·61 
(1·24–2·08)

24/8482 
(0·3%)

256/370 205 
(0·1%)

2·28 
(1·47–3·54)

Number of pre-pandemic psychiatric disorders <0·0001 <0·0001 <0·0001

1 291/39 191 
(0·7%)

1509/370 205 
(0·4%)

1·29 (1·13–1·48) 221/39 191 
(0·6%)

1012/370 205 
(0·3%)

1·38 
(1·18–1·61)

79/39 191 
(0·2%)

256/370 205 
(0·1%)

1·75 
(1·33–2·30)

2 112/9418 
(1·2%)

1509/370 205 
(0·4%)

1·83 (1·49–2·24) 87/9418 
(0·9%)

1012/370 205 
(0·3%)

2·01 
(1·60–2·54)

34/9418 
(0·4%)

256/370 205 
(0·1%)

3·17 
(2·16–4·64)

≥3 39/2200 
(1·8%)

1509/370 205 
(0·4%)

2·33 (1·66–3·25) 30/2200 
(1·4%)

1012/370 205 
(0·3%)

2·51 
(1·71–3·68)

7/2200 
(0·3%)

256/370 205 
(0·1%)

2·60 
(1·19–5·68)

Data are n/N (%), unless otherwise specified. ORs (95% CI) were derived from logistic regression models, adjusted for birth year, sex, race or ethnicity, Townsend deprivation index, educational attainment, annual 
household income, body-mass index, smoking status, and history of chronic cardiac disease, diabetes, chronic pulmonary disease, chronic kidney disease, and asthma. OR=odds ratio.

Table 3: Risk of COVID-19 among individuals with pre-pandemic psychiatric disorders, by different psychiatric indicators, compared with that of individuals without such conditions
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resources in the UK during the COVID-19 outbreak would 
have largely reduced the possibility of hospital admission 
for mild health conditions. Additionally, we observed even 
stronger associations for severe outcomes (ie, Inpatient 
COVID-19 and COVID-19-related death) throughout the 
outbreak period, and the bias analysis indicated that more 
than 50% underestimation of studied outcomes was 
needed to invalidate the observed associations, suggesting 
a limited influence of surveillance bias in the reported 
associations. Second, because many important variables, 
such as socioeconomic status and smoking, were only 
measured once at the baseline survey, misclassification 
due to no repeated measurements might exist. Additionally, 
due to the unclear temporal orders between covariates and 
the exposure, some mediators might have been included 
in the models, such as somatic comorbidities, leading to a 
potentially underestimated magnitude of the studied 
association. Third, the UK Biobank has some inherent 
limitations. For instance, it recruited only 5·5% of the 
invited population, and the participants were pre
dominately white (94·6%).29 As such, the UK Biobank is 
not representative of the general population and, therefore, 
limited generalisation might be a concern. However, the 
reproducibility of the observed association for risk factors 
of various health endpoints—such as cardiovascular 
disease, cancer, and suicide—has been satisfactory.30 
Finally, because this study mainly focused on patients who 
received a clinical diagnosis of psychiatric disorders 
through hospitalisation and primary care, and the validity 
of the diagnoses of some involved psychiatric disorders in 
register data was unsatisfiable, our findings might not be 
directly generalised to people with milder or subclinical 
psychiatric symptoms.

In conclusion, in the UK Biobank population, pre-
pandemic psychiatric disorders were associated with 
a subsequent elevated risk of COVID-19, especially 
COVID-19-related hospitalisation and mortality. Although 
prospective research is required to confirm our findings, 
the similar risk observed for hospitalisation due to 
other infections suggests shared underlying mechanisms, 
including altered immune pathways. The increased 
COVID-19 susceptibility among individuals with pre-
existing psychiatric disorders calls for improved clinical 
awareness and care among health professionals for this 
vulnerable group during the COVID-19 pandemic.
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