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ARTICLE OPEN

Disparities in COVID-19 infection, hospitalisation and death in
people with schizophrenia, bipolar disorder, and major
depressive disorder: a cohort study of the UK Biobank
Lamiece Hassan 1, Niels Peek2,3, Karina Lovell4, Andre F. Carvalho 5, Marco Solmi 6,7,8, Brendon Stubbs9 and Joseph Firth 1✉

© The Author(s) 2021

People with severe mental illness (SMI; including schizophrenia/psychosis, bipolar disorder (BD), major depressive disorder (MDD))
experience large disparities in physical health. Emerging evidence suggests this group experiences higher risks of infection and
death from COVID-19, although the full extent of these disparities are not yet established. We investigated COVID-19 related
infection, hospitalisation and mortality among people with SMI in the UK Biobank (UKB) cohort study. Overall, 447,296 participants
from UKB (schizophrenia/psychosis= 1925, BD= 1483 and MDD= 41,448, non-SMI= 402,440) were linked with healthcare and
death records. Multivariable logistic regression analysis was used to examine differences in COVID-19 outcomes by diagnosis,
controlling for sociodemographic factors and comorbidities. In unadjusted analyses, higher odds of COVID-19 mortality were seen
among people with schizophrenia/psychosis (odds ratio [OR] 4.84, 95% confidence interval [CI] 3.00–7.34), BD (OR 3.76, 95% CI
2.00–6.35), and MDD (OR 1.99, 95% CI 1.69–2.33) compared to people with no SMI. Higher odds of infection and hospitalisation
were also seen across all SMI groups, particularly among people with schizophrenia/psychosis (OR 1.61, 95% CI 1.32–1.96; OR 3.47,
95% CI 2.47–4.72) and BD (OR 1.48, 95% CI 1.16–1.85; OR 3.31, 95% CI 2.22–4.73). In fully adjusted models, mortality and
hospitalisation odds remained significantly higher among all SMI groups, though infection odds remained significantly higher only
for MDD. People with schizophrenia/psychosis, BD and MDD have higher risks of COVID-19 infection, hospitalisation and mortality.
Only a proportion of these disparities were accounted for by pre-existing demographic characteristics or comorbidities. Vaccination
and preventive measures should be prioritised in these particularly vulnerable groups.

Molecular Psychiatry; https://doi.org/10.1038/s41380-021-01344-2

INTRODUCTION
The health inequalities for people with severe mental illness (SMI)
are regarded as a human rights issue [1, 2]. Specifically, individuals
living with depression, schizophrenia/psychosis and other psy-
choses, or bipolar disorder (BD) - are at much heightened risk of
physical diseases, which is the primary cause of the ~15 year gap
in life expectancy between people with SMI and the general
population [3]. To date, much of the attention on these physical
health disparities has focused on the elevated rates of cardiovas-
cular [4] and metabolic diseases in SMI [5, 6], as these account for
notably higher proportions of premature mortality observed in
this population other than suicide or accidental deaths [3, 7].
The COVID-19 pandemic has highlighted the importance of

considering how infectious diseases may disproportionately affect
people with SMI. Even before the pandemic, there has been
considerable evidence, particularly from low and middle income
countries, which has already indicated the heightened morbidity

and mortality associated with SMI due to various infectious
diseases [8–10]. Alongside this, studies in high-income settings
have shown that infectious diseases are more prevalent in people
with SMI [11–13], and have been the leading cause of preventable
hospitalisations in this population even prior to the pandemic [14].
Until recently, however, this topic has received relatively little
attention.
Within the first few months of COVID-19 affecting Western

countries, evidence quickly began to emerge to show that people
with SMI are disproportionately affected. First, a nationwide case-
control study in the United States (US) found that patients with
recent diagnoses of mental disorders had higher risks of COVID-19
infection, hospitalisation and death [15]. Since then, a series of
studies have since emerged from large-scale studies of electronic
health records around the world. This emerging evidence base has
been summarised in recently meta analyses: Vai et al. [16]
identified 23 studies eligible for meta analysis, while Fond et al.
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[17] and Toubasi et al. [18] both identified 16. These have
confirmed the susceptibility of people with SMI to COVID-19 risks,
particularly among people with psychosis.
Though there are mounting concerns about the vulnerability of

people with mental illness to COVID-19 [19, 20], the current
picture of how SMI is associated with COVID-19 outcomes is
incomplete. In particular, rather than considering SMI overall, it is
important to clarify how disparities in outcomes differ across the
diagnostic spectrum. Whilst studies have consistently confirmed
associations between mortality and schizophrenia/psychosis,
other relationships are arguably less clear. For instance, while
Vai et al. [16] found that the risk of hospitalisation was increased
among people with any mental disorder, after stratifying by
diagnosis psychotic disorders were not significantly associated.
Furthermore, they found no studies that distinguished between
unipolar and bipolar mood disorders.
Several studies have also identified a varying range of pertinent

clinical, demographic and lifestyle factors which may attenuate
the risk of COVID-19 related outcomes among people with SMI. In
particular, several of the physical diseases identified as risk factors
for COVID-19 are known to be more prevalent among people with
SMI, highlighting the inherent complexity in disentangling causal
relationships [21–23].
Separately to this, generating local data is crucial in the context

of COVID-19 pandemic, since countries have been differently
affected by COVID-19 and have dealt with the virus differently.
Indeed, country had a significant effect on mortality estimates in
Vai’ et al.’s meta-analysis [16]. Understanding around how COVID-
19 has affected those with SMI living in the UK (a country which
has seen particularly high rates of COVID-19 infections and deaths
across the entire population) has to date been limited to a handful
of studies, focused on the first wave of COVID-19 infections [24–
27]. In particular, Yang et al. [27] used the UK Biobank (UKB) cohort
to explore relationships with a range of clinically confirmed
psychiatric disorders, reporting in particular the elevated risk of
COVID-19 related hospitalisations and mortality.
Therefore, in this study, we aim to build upon and update the

findings of previous studies in the UK and internationally, by
further establishing the risk of COVID-19-related infection,
hospitalisation and mortality in people with SMI compared to
the general UK population, stratified by diagnosis. We further aim
to account for the sociodemographic, clinical and behavioural
factors which may attenuate risks of COVID-19 infection,
hospitalisation and deaths among people with SMI. In doing this,
the study aims to confirm and contribute to the existing literature
in this emergent field, to better understand the disproportionate
risks faced by people living with SMI, and to inform mental health
professionals and health policy makers in the UK.

METHODS
Design and participants
We used anonymised data from UKB, which captures health information
and linked health records for half a million men and women enroled in a
prospective cohort study between 2006 and 2010 [28]. At baseline UKB
participants were aged 40–69 years of age and resided in England,
Scotland or Wales within 10 miles of a UKB assessment centre. On
enrolment, they participated in detailed physical assessments and
structured interviews to provide information about their current and
previous lifestyle behaviours, as well as physical and mental health.
Data about hospital episodes and associated diagnoses are linked with

UKB via England’s Hospital Episode Statistics (HES) database, the Scottish
Morbidity Record and the Patient Episode Database for Wales. NHS Digital
and Scotland’s NHS Central Register provide continuously updated
information about deaths. For the purposes of COVID-19 related research,
linkage has also been enabled with primary care records, providing
additional information about primary care diagnoses and prescriptions.
Data about any available COVID-19 test results were provided by Public
Health England (PHE) and Public Health Scotland (PHS).

All UKB participants who were alive on 31.01.2020 (the first COVID-19
related death in the UK), attended their first UKB assessment in England or
Scotland, and had not withdrawn consent were eligible for inclusion in the
current study. Using the latest UKB data releases for HES, PHE and PHS
data, participants were followed up until 28th February 2021. As up-to-date
HES data for Wales was not available at the time, we excluded people who
attended any of the assessment centres in Wales as a methodological
precaution.
All UKB participants gave written consent on enrolment for their data to

be used by approved researchers and are free to withdraw their data at
any time. UKB has approval from the North West Multi-centre Research
Ethics Committee.

Exposures and outcomes
We searched UKB’s database and linked electronic health records (EHRs)–
including HES records, primary care records and UKB’s algorithmically
defined diagnosis variables - for evidence of SMI (lifetime) up until
31.01.2020. Full lists of the ICD-10, SNOMED-CT and Read codes used to
define SMI and other diagnoses in this study can be found in
Supplementary Table 1. For the purposes of this study, we assigned each
participant to one of four hierarchically defined, diagnostic groups:
schizophrenia/psychosis; bipolar disorder (excluding schizophrenia/psy-
chosis); major depressive disorder (MDD, excluding schizophrenia/psycho-
sis or bipolar disorder); or no evidence of SMI.
The primary outcome was risk of COVID-19 related mortality, defined as

all reported deaths that identified COVID-19 (either confirmed or
suspected i.e. ICD codes U07.1 or U07.2) as the underlying cause of death.
Secondary outcomes included risk of lab-confirmed COVID-19 infections
(any record of a positive polymerase chain reaction test result vs. a
negative result or no record of a test) and hospitalisations due to COVID-19
(any HES record of an inpatient stay accompanied by ICD diagnosis codes
U07.1 or U07.2 vs. none).
We ascertained three separate, binary COVID-19 outcomes for each

participant within the study observational period, which were hierarchi-
cally defined: died due to COVID-19; hospitalised due to COVID-19
(including those who died due to COVID-19); infected (including those who
died or were hospitalised due to COVID-19); or no evidence of COVID-19. It
is possible some individuals with COVID-19 died without being hospita-
lised (e.g. care home residents) or, due to the evolving nature of testing
capacity and policy in the UK, ever having tested positive, or even being
tested for, COVID-19. Nonetheless, we made pragmatic assumptions as our
intention was to compare death, hospitalisation and infection as markers
of relative severity of COVID-19 outcomes.
We also explored how demographic and clinical factors affected risk of

COVID-19 outcomes among people with and without SMI. Demographic
data included age (in years), sex and ethnicity (White; mixed; Asian; Black;
Chinese; other). Townsend deprivation index scores were provided by UKB
as a measure of material deprivation, calculated based on residential
postcode data recorded at participants’ initial baseline assessment and
accompanying national census data. Individuals’ scores across the dataset
were divided into equal quintiles; quintile 1 representing the least
deprived and quintile 5 representing the most deprived. We also included
comorbidity data (UKB recorded diagnoses up until 31.01.2020) for the
following conditions, suspected to be associated with COVID-19 [29] and
available in UKB with a sufficiently large sample size (>1000 cases): asthma,
cancer, chronic kidney disease, chronic obstructive pulmonary disease
(COPD), coronary heart disease (CHD), diabetes, liver disease, neurological
disorders (including epilepsy Parkinson’s disease and dementia) and
rheumatoid arthritis. Smoking status (ever; never) and Body Mass Index
(BMI), as recorded at baseline assessment were also used.

Statistical analysis
We investigated the impact of SMI on mortality and hospitalisation due to
COVID-19, adjusted for demographic and clinical factors. All statistical
analyses were conducted using R version 3.6.2. In preparation for analysis,
UKB routinely perform cleaning and data validation checks on externally
collected data to increase the accuracy of records linkage and exclude
invalid codes. We found missing demographic and/or lifestyle data from
that provided at initial baseline assessments among 6827 of the
participants eligible for inclusion in the study (N= 454,123). We compared
sample characteristics for the whole cohort and complete cases (N=
447,296), the latter excluding participants with missing data (Supplemen-
tary Table 2). As we found similar results and the overall proportion of
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cases excluded was small (<2%), we have opted to report only the results
of the complete case analysis here.
First, descriptive statistics (percentages and counts) were used to

determine the prevalence of COVID-19 outcomes among the sample, by
diagnostic group. These were arranged in a flow diagram, illustrating the
proportion of individuals experiencing increasingly severe outcomes
within diagnostic subgroups. Then, to estimate risks for each SMI group,
we used multivariable logistic regression analysis to generate crude and
adjusted odds ratios (ORs) with 95% confidence intervals, using people
with no evidence of SMI as the reference group. Three model variations
were used: crude (model 1); demographically adjusted (model 2), adjusted
for age, ethnicity, sex and deprivation; and fully adjusted (model 3),
adjusted for demographic variables plus physical comorbid diagnoses, BMI
and smoking history. This allowed us to interpret absolute risks to people
with SMI (model 1), while iteratively eliminating the effects of potential
confounders and/or mediators (models 2 and 3) to understand the role of
demographic and physical comorbidities in attenuating risks.
Diagnosis was entered into models as an unordered factor. Statistical

tests were conducted with significance set at p < 0.05 (two-sided).

In adjusted models, sex, comorbid diagnoses and smoking status were
included as binary variables. Deprivation was entered as a categorical
variable, while age and BMI were entered as continuous variables. Due to
the over-representation of White ethnicities in UKB (with White ethnicities
representing 95% of total sample size), ethnicity was recoded and included
in models as a binary variable with people from all other backgrounds—
henceforth referred to as ethnic minority groups—pooled together (White
vs ethnic minorities). While sub-optimal, this was necessary to generate a
sufficient sample size to enable any kind of ethnic comparison.

RESULTS
Baseline demographic and clinical characteristics of the final
sample are described in Table 1 (N= 447,296). Over half (55%) of
the sample was female and the mean age was 67 years. The
vast majority of the sample identified as White (95%). Overall, 0.4%
(n= 1925) of the sample had evidence of a diagnosis of
schizophrenia/psychosis or psychosis, 0.3% (n= 1483) had BD

Table 1. Baseline sample characteristics (as of 31.01.2020, unless otherwise indicated).

Schizophrenia/
Psychosis

BD MDD None (ref)

n % n % n % n %

Sex1

Female 942 48.9 900 60.7 27,797 67.1 217,969 54.2

Male 983 51.1 583 39.3 13,651 32.9 184,471 45.8

Age group

Mean, SD 65.5 8.4 66.5 8.1 66.5 8.1 67.3 8.1

Ethnicity1

White 1660 86.2 1412 95.2 39,442 95.2 380,032 94.4

Mixed 39 2.0 10 0.7 325 0.8 2306 0.6

Asian 61 3.2 22 1.5 675 1.6 8226 2.0

Black 115 6.0 22 1.5 575 1.4 6763 1.7

Other 50 2.6 17 1.1 431 1.0 5113 1.2

Deprivation quintile1

1 (−6.26, −3.94) 159 8.3 209 14.1 6808 16.4 82,761 20.6

2 (−3.94, −2.78) 204 10.6 246 16.6 7281 17.6 82,117 20.4

3 (−2.78, −1.31) 234 12.2 274 18.5 7852 18.9 81,273 20.2

4 (−1.31, 1.32) 387 20.1 273 18.4 8644 20.9 80,068 19.9

5 (1.32, 11) 941 48.9 481 32.4 10,863 26.2 76,221 18.9

BMI1

Mean, SD 28.4 5.6 28.7 5.7 28.3 5.5 27.2 4.6

Smoking status1

Never 667 34.6 498 33.6 14,851 35.8 166,641 41.4

Ever 1258 65.4 985 66.4 26,597 64.2 235,799 58.6

History of physical illness

Asthma 224 11.6 207 14.0 5726 13.8 25,642 6.4

Cancer 208 10.8 160 10.8 5149 12.4 360,123 10.5

CKD 65 3.4 83 5.6 1089 2.6 5047 1.3

COPD 142 7.4 99 6.7 2159 5.2 7310 1.8

CHD 239 12.4 189 12.7 5373 13.0 32,135 8.0

Diabetes 259 13.5 167 11.3 3912 9.4 20,081 5.0

Liver disease 66 3.4 56 3.8 1166 2.8 4262 1.1

Neurological 264 13.7 193 13.0 4307 10.4 15,874 3.9

Rheumatoid arthritis 40 2.1 42 2.8 1034 2.5 4344 1.1

TOTAL 1925 100 1483 100 41,448 100 402,440 100
1As recorded at initial UKB assessment.
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and 9% (n= 41,448) had MDD. The remainder (90%; n= 402,440)
had no evidence of SMI recorded in their records. The most
commonly recorded physical health problems were cancer (11%),
followed by CHD (8%), asthma (7%) and diabetes (5%).
A total of 16,282 people tested positive for COVID-19, while

2885 were hospitalised and 1081 died (Tables 2–4). Fig. 1 shows
the proportion of individuals among those known to have
contracted COVID-19 who experienced hospitalisation and/or
death as a result. Among people with COVID-19, those with
schizophrenia/psychosis and BD had the highest rates of infection
leading to hospitalisation; 35.8% and 37.3%, respectively, com-
pared to 16.6% among with those without SMI. Among people
who were hospitalised due to COVID-19, over half of those with
schizophrenia/psychosis (52.6%) did not survive.
Table 2 shows the ORs for COVID-19 infection associated with

different SMI diagnoses. When compared against people with no
evidence of SMI, unadjusted models showed significant associa-
tions between COVID-19 infection and schizophrenia/psychosis

(OR= 1.61, 95% CI 1.32–1.96), BD (OR= 1.48, 95% CI 1.16–1.85)
and MDD (OR= 1.47, 95% CI 1.40–1.54). After adjustment for
demographic and clinical factors, only the association with MDD
(OR= 1.24 95% CI 1.18–1.30) remained statistically significant.
When considering odds of hospitalisations due to COVID-19, the

crude model yielded an OR of 3.47 (95% CI 2.47–4.72) among
people with a history of schizophrenia/psychosis, 3.31 (95% CI
2.22–4.73) among people with BD and 2.08 (95% CI 1.89–2.29)
among people with MDD (Table 3). The odds of hospitalisation
remained significantly elevated among all three SMI groups even
after adjustment for demographic and clinical factors, approxi-
mately doubling the odds in people with a history of schizo-
phrenia/psychosis or BD.
Table 4 shows the ORs for the primary outcome of COVID-19

mortality associated with different SMI diagnoses. When com-
pared against people with no evidence of SMI, unadjusted models
showed an OR of 4.84 (95% CI 3.00–7.34) for mortality among
people with a history of schizophrenia/psychosis, 3.76 (95% CI

Table 2. Odds of infection due to COVID-19, by psychiatric diagnosis.

Unadjusted Adjusted1 (demographic) Fully adjusted2

(demographic+ clinical)

Diagnosis n (%) 0 R (95% CI) aOR (95% CI) aOR (95% CI)

None (ref. group) 14,011 (3.5) 1 1 1

MDD 2090 (5.0) 1.47 (1.40–1.54)a 1.42 (1.36–1.49)a 1.24 (1.18–1.30)a

Bipolar 75 (5.1) 1.48 (1.16–1.85)a 1.39 (1.09–1.74)a 1.15 (0.90–1.44)

Schizophrenia 106 (5.5) 1.61 (1.32–1.96)a 1.29 (1.05–1.56)a 1.10 (0.90–1.34)

All 16,282
1Adjusted for age, ethnicity, sex and deprivation.
2Adjusted for demographic variables plus asthma, cancer, chronic kidney disease, chronic obstructive pulmonary disease, coronary heart disease, diabetes,
liver disease, neurological disorders, rheumatoid arthritis, BMI and smoking history.
aIndicates p < 0.05.

Table 3. Odds of hospitalisation due to COVID-19, by psychiatric diagnosis.

Unadjusted Adjusted1 (demographic) Fully adjusted2

(demographic+ clinical)

Diagnosis n (%) OR (95% CI) aOR (95% CI) aOR (95% CI)

None (ref. group) 2324 (0.6) 1 1 1

MDD 495 (1.2) 2.08 (1.89–2.29)a 2.28 (2.06–2.51)a 1.65 (1.48–1.82)a

Bipolar 28 (1.9) 3.31 (2.22–4.73)a 3.28 (2.20–4.70)a 2.20 (1.46–3.18)a

Schizophrenia/psychosis 38 (2.0) 3.47 (2.47–4.72)a 2.85 (2.02–3.90)a 2.12 (1.50–2.90)a

All 2885
1Adjusted for age, ethnicity, sex and deprivation.
2Adjusted for demographic variables plus asthma, cancer, chronic kidney disease, chronic obstructive pulmonary disease, coronary heart disease, diabetes,
liver disease, neurological disorders, rheumatoid arthritis, BMI and smoking history.
aIndicates p < 0.05.

Table 4. Odds of mortality due to COVID-19, by psychiatric diagnosis.

Unadjusted Adjusted1 (demographic) Fully adjusted2

(demographic+ clinical)

Diagnosis n (%) OR (95% CI) aOR (95% CI) aOR (95% CI)

None (ref. group) 871 (0.2) 1 1 1

MDD 178 (0.4) 1.99 (1.69–2.33)a 2.29 (1.94–2.69)a 1.62 (1.37–1.91)a

Bipolar 12 (0.8) 3.76 (2.00–6.35)a 3.86 (2.05–6.55)a 2.49 (1.30–4.29)a

Schizophrenia/psychosis 20 (1.0) 4.84 (3.00–7.34)a 4.21 (2.60–6.43)a 3.14 (1.92–4.81)a

1Adjusted for age, ethnicity, sex and deprivation.
2 Adjusted for demographic variables plus asthma, cancer, chronic kidney disease, chronic obstructive pulmonary disease, coronary heart disease, diabetes,
liver disease, neurological disorders, rheumatoid arthritis, BMI and smoking history.
aIndicates p < 0.05.
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2.00–6.55) for people with BD and 1.99 (95% CI 1.69–2.33) among
people with MDD. Again, after adjustment for demographic and
clinical factors, all three SMI groups remained at significantly
higher risk for mortality, with the highest risk among those with
schizophrenia/psychosis (OR= 3.14, 95% CI 1.92–4.81).
Table 5 reports the ORs for individual variables included in the

fully adjusted regression models. This indicates that schizophre-
nia/psychosis ranked highest in terms of the strength of
association with mortality, over all other demographic and
clinical variables, and second highest with hospitalisation (second
only to BD). Age, ethnic minority status, male gender, BMI,
smoking status, CHD, CKD, COPD, diabetes, liver disease,
neurological problems and rheumatoid arthritis were consistently
associated with increased risks of COVID-19 related infection,
hospitalisation and mortality.
Comparison between ORs yielded by the demographically

adjusted and fully adjusted models (i.e model 2 vs. model 3)

allowed us to estimate the percent excess risk of mortality
explained by clinical variables. On this basis, pre-existing
comorbidities explained 33.3% of the excess risk for people with
schizophrenia/psychosis ((4.21–3.14)/(4.21–1)*100), 47.9% for peo-
ple with BD ((3.86–2.49)/(3.86–1)*100) and 51.9% for people with
MDD ((2.29–1.62)/(2.29–1)*100).

DISCUSSION
This study has investigated COVID-19 related disparities for people
with SMI in the UKB, and the pertinent factors which may explain
these relationships. Our findings confirm those of several, large-
scale studies internationally which have reported increased risks of
COVID-19 infections, hospitalisations and mortality among people
with mental illnesses [15, 21, 22, 30, 31]. Specifically, there was a
five-fold increase in the odds of mortality and a three-fold increase
for odds of hospitalisation among people with schizophrenia/

No Severe Mental Illness (N=402,440)

Psychosis/Schizophrenia (N=1,925)

Bipolar Disorder (N=1,483)

Major Depressive Disorder (N=41,448)

Tested + Hospitalised DiedYes (5.5%) Yes (35.8%) Yes (52.6%)

No (94.5%) No (64.2%) No (47.4%)

Tested + Hospitalised DiedYes (5.1%) Yes (37.3%) Yes (42.9%)

No (94.9%) No (62.7%) No (57.1%)

Tested + Hospitalised DiedYes (5.0%) Yes (23.7%) Yes (36.0%)

No (95.0%) No (76.3%) No (64.0%)

Tested + Hospitalised DiedYes (3.5%) Yes (16.6%) Yes (37.5%)

No (96.5%) No (83.4%) No (62.5%)

Fig. 1 COVID-19 outcomes, by psychiatric diagnosis. Increasingly
severe COVID-19 outcomes are shown as relative proportions (%)
among those with different diagnoses known to have been infected,
hospitalised and/or died. As outcomes were hierarchically defined (see

methods), it is possible some individuals with COVID-19 died without
being hospitalised or ever having tested positive for COVID-19.
Pragmatic assumptions were made to compare death, hospitalisation
and infection as markers of relative severity of COVID-19 outcomes.
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psychosis. Our findings advance on previous findings using UKB
[24–27] to examine data from both the first and second waves of
COVID infections and stratifying outcomes among people with
different psychiatric diagnoses.
The increased odds observed were partly explained by

differences in demographic characteristics and pre-existing
physical comorbidity. Previous studies have linked male sex,
belonging to an ethnic minority, older age and certain respiratory
and metabolic conditions to higher rates of adverse COVID-19
outcomes [15, 32, 33]. Our findings concur with prior evidence
that these established sociodemographic and clinical factors
contribute to increased risks seen among people with psychiatric
diagnoses; yet they do not appear to fully explain them. In fully
adjusted models, pre-existing comorbidities explained 33.3–51.9%
of the excess mortality risk among people with SMI once
demographic factors had been accounted for. This suggests
alternative pathways not measured by this study may have been
at work. For example, emerging literature points towards the
importance of biological processes, including biomarkers of
inflammation—already known to be linked with psychiatric
disorders [34]—in explaining disease severity among people with
COVID-19 [35].
A strength of this paper is the large sample afforded from the

UKB, providing sociodemographic, lifestyle, and health-related
data from a substantial portion of the UK population. Indeed, this
study is one of a handful internationally to stratify a range of
COVID-19 outcomes by psychiatric diagnoses, rather than pooling
SMI, including distinguishing people with bipolar disorder, an

under-researched clinical group in this context [16]. Nonetheless,
there are several different ways of defining psychiatric diagnoses
in UKB. In this study we only examined lifetime SMI. It is possible
that this definition may have masked differential risks between
those with historical illnesses and those with more recent
diagnoses. Furthermore, diagnoses were based on coded EHR
data and did not include self-reported illnesses, thus it is possible
some diagnoses were missed.
A limitation of this study is the general homogeneity among the

UKB participants, who are older (mostly over 65 years of age) and
less ethnically diverse than the general population (95% White). As
with other volunteer-based cohort studies, there is evidence of a
‘healthy volunteer’ bias in UKB [36], which means the sample
cannot be regarded as representative. Selection bias and/or
collider bias may have affected our results [37]. In particular, SMI
rates among UKB participants were lower than in the UK
population generally [38]; even among the SMI population, it is
likely that a healthier subset of individuals were unintentionally
recruited.
Our findings relating to infections using UKB should be

interpreted with caution as testing was non-random and thus at
risk of collider bias [37]. Changes in testing capacity and strategy
during the first and second waves of coronavirus in the UK
(initially testing was focused in hospitals and among healthcare
workers) mean that rates of infection have likely been under-
estimated. Due to test eligibility restrictions, people with
asymptomatic infections may not have been tested. Furthermore,
our statistical approach did not account for deaths due to other

Table 5. Fully adjusted1 multivariable model for odds of mortality, hospitalisation and infection due to COVID-19, by diagnosis.

Variable Infection aOR (95% CI) Hospitalisation aOR (95% CI) Mortality aOR (95% CI)

Diagnosis

None 1 1 1

MDD 1.24 (1.18–1.30)a 1.65 (1.48–1.82)a 1.62 (1.37–1.91)a

Bipolar 1.15 (0.90–1.44) 2.20 (1.46–3.18)a 2.49 (1.30–4.29)a

Schizophrenia/psychosis 1.10 (0.90–1.34) 2.12 (1.50–2.90)a 3.14 (1.92–4.81)a

Age 0.96 (0.96–0.96)a 1.07 (1.06–1.07)a 1.13 (1.12–1.14)a

White vs. ethnic minorities 1.50 (1.42–1.58)a 1.77 (1.54–2.02)a 1.93 (1.54–2.40)a

Female vs Male 1.10 (1.07–1.14)a 1.75 (1.62–1.89)a 1.94 (1.71–2.21)a

Deprivation

Q1 vs. Q2 1.08 (1.02–1.14)a 1.13 (0.99–1.30) 1.11 (0.89–1.39)

Q1 vs. Q3 1.19 (1.13–1.25)a 1.28 (1.12–1.47)a 1.26 (1.01–1.57)a

Q1 vs. Q4 1.24 (1.18–1.30)a 1.42 (1.25–1.62)a 1.44 (1.16–1.78)a

Q1 vs. Q5 1.41 (1.34–1.48)a 2.12 (1.87–2.40)a 2.17 (1.78–2.66)a

BMI 1.03 (1.03–1.03)a 1.05 (1.05–1.06)a 1.07 (1.05–1.08)a

Never vs. ever smoked 1.03 (1.00–1.05)a 1.08 (1.02–1.14)a 1.15 (1.05–1.27)a

Comorbidity

Asthma 1.12 (1.06–1.19)a 1.24 (1.10–1.39)a 0.96 (0.79–1.17)

Cancer 1.05 (0.99–1.11) 1.20 (1.08–1.32)a 1.12 (0.97–1.33)

CHD 1.18 (1.12–1.25)a 1.30 (1.17–1.43)a 1.21 (1.04–1.40)a

CKD 1.48 (1.32–1.65)a 1.80 (1.53–2.10)a 1.72 (1.35–2.16)a

COPD 1.50 (1.37–1.64)a 1.84 (1.60–2.11)a 1.70 (1.36–2.10)a

Diabetes 1.34 (1.26–1.42)a 1.55 (1.39–1.72)a 1.74 (1.48–2.05)a

Liver disease 1.14 (1.01–1.28)a 1.59 (1.30–1.92)a 1.78 (1.31–2.37)a

Neurological 1.37 (1.29–1.46)a 1.94 (1.73–2.16)a 2.22 (1.87–2.61)a

Rheumatoid arthritis 1.27 (1.12–1.44)a 1.62 (1.30–1.99)a 1.88 (1.36–2.54)a

1Adjusted for demographic variables plus asthma, cancer, chronic kidney disease, chronic obstructive pulmonary disease, coronary heart disease, diabetes,
liver disease, neurological disorders, rheumatoid arthritis, BMI and smoking history.
aIndicates p < 0.05.
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causes, which also may have resulted in underestimations of risks.
While we opted for logistic regression to generate ORs, aiding
comparability with several previous major studies [e.g. 15, 21, 23],
alternative approaches may have better dealt with censoring
issues.
Collectively, this means that our findings should not be

extrapolated to estimate the true prevalence of COVID-19 related
infections, hospitalisations and mortality in the UK population.
Nonetheless, the strength, direction and consistency of the
associations observed across the various analyses applied, and
in the context of findings from previous studies, does increase
confidence in our principal finding that individuals with SMI are at
substantially increased risk of serious COVID-19 related outcomes,
particularly hospitalisation and death, compared to the general
population.
The implications of our study are twofold. First, with regards to

practical implications, our study further supports recent calls to
public health officials [19, 20] to go beyond age and physical
morbidity based targeting and urgently prioritise people with SMI
as an extremely high-risk group, to attenuate the disparities and
prevent serious outcomes resulting from COVID-19 infection. Such
approaches could include prioritising access to vaccination
programs for people with SMI, and/or increasing the rates of
screening and testing for COVID-19 (and other infectious diseases).
Second, with regards to future research, there is a need for studies
with more representative samples of the UK population to further
explore and delineate the risk factors underpinning increased
risks among particular subgroups of people within SMI groups.
These could include exploration of the role of psychotropic
prescribing in COVID-19 outcomes, which has been attracting
interest [39, 40]. In addition, given the notably higher rates of
cardiovascular and metabolic diseases observed in the SMI
sample, future research on this topic should further examine the
extent to which elevated risks in SMI samples may be mediated by
individuals having multiple comorbid conditions. Consideration
could be given to statistical approaches which allow better
decomposition of the direct and indirect effects of SMI to
disentangle such pathways.
In conclusion, this is the most comprehensive study to date to

examine COVID-19 outcomes in people with different SMI
diagnoses in the UK population. The rich data afforded by the
UKB allowed for investigation of the contributing sociodemo-
graphic, clinical and lifestyle related risk factors for COVID-19
infections, hospitalisations and deaths among different diagnostic
subgroups of people with SMI. Results showed that people with
SMI, and particularly those with schizophrenia/psychosis, experi-
ence significantly higher odds of infection, hospitalisation and
death from COVID-19, which cannot be fully accounted for by
sociodemographic, clinical or lifestyle predisposing factors. From
this, there is now a need for future research to better understand
the driving factors and biological mechanisms behind the
observed relations, along with an urgency to develop and
evaluate strategies for attenuating these risks these vulnerable
populations.

REFERENCES
1. Thornicroft G. Physical health disparities and mental illness: the scandal of pre-

mature mortality. Br. J. Psychiatry. 2011;6:441–2.
2. Maj M. Physical health care in persons with severe mental illness: a public health

and ethical priority. World Psychiatry. 2009;8:1–2.
3. Firth J, Siddiqi N, Koyanagi A, Siskind D, Rosenbaum S, Galletly C, et al. The Lancet

Psychiatry Commission: a blueprint for protecting physical health in people with
mental illness. Lancet Psychiatry. 2019;6:675–712.

4. Correll CU, Solmi M, Veronese N, Bortolato B, Rosson S, Santonastaso P, et al.
Prevalence, incidence and mortality from cardiovascular disease in patients with
pooled and specific severe mental illness: a large-scale meta-analysis of 3211,768
patients and 113,383,368 controls. World Psychiatry. 2017;16:163–80.

5. Vancampfort D, Correll CU, Galling B, Probst M, De Hert M, Ward PB, et al. Dia-
betes mellitus in people with schizophrenia, bipolar disorder and major
depressive disorder: A systematic review and large scale meta-analysis. World
Psychiatry. 2016;15:166–74.

6. Vancampfort D, Stubbs B, Mitchell AJ, De Hert M, Wampers M, Ward PB, et al. Risk
of metabolic syndrome and its components in people with schizophrenia and
related psychotic disorders, bipolar disorder and major depressive disorder: a
systematic review and meta-analysis. World Psychiatry. 2015;14:339–47.

7. Swaraj S, Wang M, Chung D, Curtis J, Firth J, Ramanuj PP, et al. Meta-analysis of
natural, unnatural and cause-specific mortality rates following discharge from in-
patient psychiatric facilities. Acta Psychiatr Scand. 2019;140:244–64.

8. Campos LN, Guimarães MDC, Carmo RA, Melo APS, De Oliveira HN, Elkington K,
et al. HIV, syphilis, and hepatitis B and C prevalence among patients with mental
illness: a review of the literature. 2008; 24:s607–20.

9. Hughes E, Bassi S, Gilbody S, Bland M, Martin F. Prevalence of HIV, hepatitis B, and
hepatitis C in people with severe mental illness: a systematic review and meta-
analysis. Lancet Psychiatry. 2016;3:40–8.

10. Fekadu A, Medhin G, Kebede D, Alem A, Cleare AJ, Prince M, et al. Excess mor-
tality in severe mental illness: 10-Year population-based cohort study rural
Ethiopia. Br J Psychiatry. 2015;206:289–96.

11. Janssen EM, McGinty EE, Azrin ST, Juliano-Bult D, Daumit GL. Review of the
evidence: prevalence of medical conditions in the United States population with
serious mental illness. Gen Hosp Psychiatry. 2015;37:199–222.

12. Rosenberg SD, Goodman LA, Osher FC, Swartz MS, Essock SM, Butterfield MI, et al.
Prevalence of HIV, hepatitis B, and hepatitis C in people with severe mental
illness. Am J Public Health. 2001;91:31–7.

13. Bauer-Staeb C, Jörgensen L, Lewis G, Dalman C, Osborn DPJ, Hayes JF. Prevalence
and risk factors for HIV, hepatitis B, and hepatitis C in people with severe mental
illness: a total population study of Sweden. Lancet Psychiatry. 2017;4:685–93.

14. Sara G, Chen W, Large M, Ramanuj P, Curtis J, McMillan F, et al. Potentially
preventable hospitalisations for physical health conditions in community mental
health service users: a population-wide linkage study. Epidemiol Psychiatr Sci.
2021;30:e22.

15. Wang Q, Xu R, Volkow ND. Increased risk of COVID‐19 infection and mortality in
people with mental disorders: analysis from electronic health records in the
United States. World Psychiatry. 2021;20:124–30.

16. Vai B, Mazza MG, Delli Colli C, Foiselle M, Allen B, Benedetti F, et al. Mental
disorders and risk of COVID-19-related mortality, hospitalisation, and intensive
care unit admission: a systematic review and meta-analysis. Lancet Psychiatry.
2021;S2215-0366:00232–7.

17. Fond G, Nemani K, Etchecopar-Etchart D, Loundou A, Goff DC, Lee SW, et al.
Association between mental health disorders and mortality among patients with
COVID-19 in 7 Countries. JAMA Psychiatry. 2021. https://doi.org/10.1001/
jamapsychiatry.2021.2274.

18. Toubasi AA, AbuAnzeh RB, Tawileh HBA, Aldebei RH, Alryalat SAS. A meta-ana-
lysis: the mortality and severity of COVID-19 among patients with mental dis-
orders. Psychiatry Res. 2021;299:113856.

19. The Lancet Psychiatry. A matter of priority: COVID-19 vaccination and mental
health. Lancet Psychiatry. 2021;7:551.

20. De Hert M, Mazereel V, Detraux J, Van Assche K. Prioritizing COVID‐19 vaccination
for people with severe mental illness. World Psychiatry. 2021;20:54–5.

21. Maripuu M, Bendix M, Öhlund L, Widerström M, Werneke U. Death associated
with coronavirus (COVID-19) infection in individuals with severe mental disorders
in Sweden during the early months of the outbreak—an exploratory cross-
sectional analysis of a population-based register study. Front Psychiatry.
2021;11:609579.

22. Jeon H-L, Kwon JS, Park S-H, Shin J-Y. Association of mental disorders with SARS-
CoV-2 infection and severe health outcomes: nationwide cohort study. Br J
Psychiatry. 2021;218:344–51.

23. Nemani K, Li C, Olfson M, Blessing EM, Razavian N, Chen J, et al. Association of
psychiatric disorders with mortality among patients with COVID-19. JAMA Psy-
chiatry. Am Med Assoc. 2021;78:380–6.

24. Batty GD, Altschul D, Batty D. Pre-pandemic mental and physical health as pre-
dictors of COVID-19 vaccine hesitancy: evidence from a UK-wide cohort study.
medRxiv. 2021;04.27.21256185.

25. Atkins JL, Masoli JAH, Delgado J, Pilling LC, Kuo CL, Kuchel GA, et al. Preexisting
comorbidities predicting COVID-19 and mortality in the UK Biobank Community
Cohort. J Gerontol - Ser A Biol Sci Med Sci. 2020;75:2224–30.

26. van der Meer D, Pinzón-Espinosa J, Lin BD, Tijdink JK, Vinkers CH, Guloksuz S,
et al. Associations between psychiatric disorders, COVID-19 testing probability
and COVID-19 testing results: findings from a population-based study. BJPsych
Open. 2020;6:e87.

27. Yang H, Chen W, Hu Y, Chen Y, Zeng Y, Sun Y, et al. Pre-pandemic psychiatric
disorders and risk of COVID-19: a UK Biobank cohort analysis. Lancet Heal
Longev. 2020;1:e69–79.

L. Hassan et al.

7

Molecular Psychiatry

https://doi.org/10.1001/jamapsychiatry.2021.2274
https://doi.org/10.1001/jamapsychiatry.2021.2274


28. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank: an
open access resource for identifying the causes of a wide range of complex
diseases of middle and old age. PLoS Med. 2015;12:e1001779.

29. Clift AK, Coupland CAC, Keogh RH, Diaz-Ordaz K, Williamson E, Harrison EM, et al.
Living risk prediction algorithm (QCOVID) for risk of hospital admission and
mortality from coronavirus 19 in adults: national derivation and validation cohort
study. BMJ. 2020;371:m3731.

30. Li L, Li F, Fortunati F, Krystal JH. Association of a prior psychiatric diagnosis with
mortality among hospitalized patients with coronavirus disease 2019 (COVID-19)
Infection. JAMA Netw Open. American Medical Association; 2020;3:e2023282–82.

31. Tzur Bitan D, Krieger I, Kridin K, Komantscher D, Scheinman Y, Weinstein O, et al.
COVID-19 Prevalence and mortality among schizophrenia patients: a large-scale
retrospective cohort study. Schizophr Bull. 2021;47:1211–7.

32. Lassale C, Gaye B, Hamer M, Gale CR, Batty GD. Ethnic disparities in hospitalisa-
tion for COVID-19 in England: The role of socioeconomic factors, mental health,
and inflammatory and pro-inflammatory factors in a community-based cohort
study. Brain Behav Immun. 2020;88:44–9.

33. Mathur R, Rentsch CT, Morton CE, Hulme WJ, Schultze A, MacKenna B, et al.
Ethnic differences in SARS-CoV-2 infection and COVID-19-related hospitalisation,
intensive care unit admission, and death in 17 million adults in England: an
observational cohort study using the OpenSAFELY platform. Lancet.
2021;397:1711–24.

34. Yuan N, Chen Y, Xia Y, Dai J, Liu C. Inflammation-related biomarkers in major
psychiatric disorders: a cross-disorder assessment of reproducibility and specifi-
city in 43 meta-analyses. Transl Psychiatry. 2019;9:233.

35. Thwaites RS, Uruchurtu ASS, Siggins MK, Liew F, Russell CD, Moore SC, et al.
Inflammatory profiles across the spectrum of disease reveal a distinct role for GM-
CSF in severe COVID-19. Sci Immunol. 2021;6:9873.

36. Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al. Com-
parison of sociodemographic and health-related characteristics of UK Biobank
participants with those of the general population. Am J Epidemiol.
2017;186:1026–34.

37. Griffith GJ, Morris TT, Tudball MJ, Herbert A, Mancano G, Pike L, et al. Collider bias
undermines our understanding of COVID-19 disease risk and severity. Nat
Commun. 2020;11:1–12.

38. Kirkbride JB, Errazuriz A, Croudace TJ, Morgan C, Jackson D, Boydell J. et al.
Incidence of schizophrenia and other psychoses in England, 1950–2009: a sys-
tematic review and meta-analyses. PLoS ONE. 2012; https://doi.org/10.1371/
journal.pone.0031660.

39. Govind R, Fonseca de Freitas D, Pritchard M, Hayes RD, MacCabe JH. Clozapine
treatment and risk of COVID-19 infection: retrospective cohort study. Br J Psy-
chiatry. 2020;219:368–74.

40. Bilbul M, Paparone P, Kim AM, Mutalik S, Ernst CL. Psychopharmacology of
COVID-19. Psychosomatics. 2020;61:411–27.

ACKNOWLEDGEMENTS
This research was conducted using the UK Biobank Resource under application
number 22125. JF is supported by a University of Manchester Presidential Fellowship

(P123958) and a UK Research and Innovation Future Leaders Fellowship
(MR/T021780/1). NP is supported by the National Institute for Health Research
(NIHR) Greater Manchester Patient Safety Translational Research Centre. BS is
supported by an NIHR Advanced Fellowship (NIHR301206). The views expressed are
those of the author(s) and not necessarily those of mentioned above, the NHS, the
NIHR or the Department of Health and Social Care.

AUTHOR CONTRIBUTIONS
LH and JF led the overall direction of the project, and planned and carried out
analyses, with input and critical feedback from all authors. All authors contributed to
the interpretation of the findings, writing of the paper, and have approved the final
version.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41380-021-01344-2.

Correspondence and requests for materials should be addressed to Joseph Firth.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

L. Hassan et al.

8

Molecular Psychiatry

https://doi.org/10.1371/journal.pone.0031660
https://doi.org/10.1371/journal.pone.0031660
https://doi.org/10.1038/s41380-021-01344-2
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Disparities in COVID-19 infection, hospitalisation and death in people with schizophrenia, bipolar disorder, and major depressive disorder: a cohort study of the UK Biobank
	Introduction
	Methods
	Design and participants
	Exposures and outcomes
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




