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ABSTRACT

Objectives To assess the prevalence of UK healthcare
workers (HCWs) who reported symptoms of COVID-19
lasting for longer than 5weeks and examine associated
factors with experiencing long COVID in an ethnically
diverse cohort.

Design A cross-sectional study using data from the UK
Research study into Ethnicity And COVID-19 Outcomes in
HCWSs cohort study.

Setting Data were collected electronically between
December 2020 and March 2021.

Participants Individuals aged 16 years or older, residing
in the UK, and working as HCWs or ancillary workers in a
healthcare setting and/or registered with one of the seven
major UK healthcare professional regulators.

Primary and secondary outcome measures The main
outcome was long COVID (symptoms>5 weeks). The
primary exposure of interest was self-reported ethnicity.
We employed univariable and multivariable logistic
regression to identify associations. We adjusted for
demographic information, health status and existing long-
term conditions in our multivariate analysis.

Results In our analysis of 11 513 HCWs, we found that
2331 (20.25%) reported COVID-19, of whom 525 (22.52%)
experienced long COVID. There were no significant
differences in risk of long COVID by ethnic group. In terms
of other demographic characteristics, the majority of
those experiencing long COVID were female (80.0%) and
were slightly older than those who did not experience
long COVID (median age 46 (IQR 36-54)). In multivariable
analyses of those who reported having had COVID-19,
HCWSs in nursing/midwifery roles (adjusted OR (aOR)
1.76, 95% Cl 1.26 t0 2.46; p=0.001) and allied health
professions (aOR 1.42, 95% Cl 1.05 to 1.93; p=0.023)
had higher odds of experiencing long COVID compared
with those in medical roles. Other factors significantly
associated with long COVID included self-reported
psychological conditions (eg, depression and anxiety) and
respiratory conditions (eg, asthma).

Conclusions In this large ethnically diverse cohort study,
more than one in five UK HCWs reported experiencing
long COVID after acute COVID-19 during the first year

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is the first and largest in the UK to ex-
amine factors associated with long COVID among
healthcare workers from diverse ethnic and occu-
pational backgrounds, providing valuable insights
into this population.

= The study employed rigorous multivariable logistic
regression models to adjust for a wide range of de-
mographic, occupational and health-related factors,
strengthening the validity of the associations found.

= The cross-sectional nature of the study limits the
ability to establish causality and temporality be-
tween identified risk factors and long COVID, partic-
ularly for conditions, such as anxiety and depression
that may result from long COVID.

= The reliance on self-reported data introduces poten-
tial recall and social desirability biases, affecting the
accuracy of the findings.

of the pandemic. We found that specific demographic
(older age and female gender) and occupational factors
(nursing/midwifery and allied health professions) were
associated with higher odds of long COVID. Notably, there
were no significant differences in the risk of long COVID
by ethnic group. Further research and collaborative efforts
are urgently needed to address these factors effectively,
develop targeted interventions and understand the
temporal and longitudinal dynamics of the condition.

INTRODUCTION

The COVID-19 pandemic has brought
unprecedented challenges to healthcare
systems worldwide, with healthcare workers
(HCWs) at the forefront being particu-
larly affected." This is because they face an
elevated risk of contracting COVID-19 due
to their close and prolonged contact with
infected individuals.” The World Health
Organization (WHO) estimated that, as of
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1,052,875 emails sent from
regulators to registrants

v

Direct recruitment through

480,111 emails received/opened

participating trusts and through

v

advertising

profile

26,592 users created a study

v

17,981 consented to participate

v

643 excluded as record not

15,842 viewed the questionnaire™®

associated with study ID or did
not register a response to

v

questionnaire

15,199 HCWs with study ID and
questionnaire response

3,686 excluded as did not
provide information on
ethnicity

ANALYSED COHORT
11,513 HCWs in analysed cohort
1 (the whole cohort)
9,182 excluded to
. | analyse only those who
v were infected with
. COVID-19
2,331 HCWs in analysed cohort
2) (those who were infected with
COVID-19)
Figure 1 Formation of the analysed cohort. HCWs, healthcare workers.

May 2020, more than 152000 infections and 1400 deaths
were reported among HCWs.” This suggests that one
HCW died for every 100 who became infected.” However,
due to underreporting, these figures are expected to
be underestimated.” In the UK, a study using data from
the UK Office for National Statistics (ONS) found that
HCWs were among occupational groups reporting a
significantly higher prevalence of symptoms persisting
for four or more weeks.* Additionally, HCWs may expe-
rience greater exposure to workplace stressors, such as

staffing shortages, which may increase workloads and
reduce support, potentially exacerbating long-term
symptoms.

While much research has been directed towards the
acute phase of COVID-19, some patients with COVID-19
experience symptoms that persist beyond the acute phase
of infection.” These persistent symptoms are now widely
known as ‘long COVID".”® Long COVID refers to ‘signs
and symptoms that continue or develop after acute COVID-19,
which include both ongoing symptomatic COVID-19
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More than one in five UK
healthcare workers with a
history of SARS-CoV-2

infection, reported
experiencing long COVID
during the first year of the
pandemic.

Figure 2 Take-home messages.

(4-12 weeks) and post-COVID-19 syndrome (from after
12 weeks).’

Long COVID symptoms, such as fatigue, breathlessness
and cognitive impairments, can severely impact HCWs’
quality of life and functional capacity, posing risks to
patient safety and care quality.10 The sustained health
burden on HCWs is compounded by increased sick leave
and workforce shortages, leading to disruptions in health-
care delivery.'" '* These dynamic highlights the urgent
need for targeted research on long COVID risk factors
specifically within the healthcare workforce to mitigate its
impact on service provision and staff well-being. Further-
more, understanding the intersection of ethnicity, socio-
cultural factors and long COVID prevalence among
HCWs can inform interventions that promote equity and
accessibility within the National Health Service (NHS),
ensuring that the support and rehabilitation efforts are
inclusive and tailored to diverse HCW groups.” "

The economic burden on healthcare systems, such as
the NHS, is substantial due to increased healthcare util-
isation and long-term management of these patients.11
Although various rehabilitation and support services
are being established for long COVID patients, their
effectiveness remains an area of active research. From
a patient perspective, HCWs—who are often both care-
givers and patients themselves—offer unique insights into
living with long COVID, making them a critical group for
focused research.'”

Although recent literature has examined long COVID
in the general population, there remains a significant
gap in understanding its effects on HCWs. Existing
studies often exclude HCWs or rely on data from small
or homogeneous samples due to practical and logistical
challenges, as their high workloads and stress during the
pandemic limited their availability to participate.'” Addi-
tionally, researchers frequently prioritised the general
population or hospitalised patients to capture broader
public health trends or severe disease outcomes, inad-
vertently overlooking HCWs and their unique risks and
experiences. This limits insights into the prevalence, risk
factors and socio-occupational impacts of long COVID in
this high-risk group.

This gapis especially critical from an equity, diversity and
inclusion (EDI) perspective, as comprehensive research

Older age, females,
presence of comorbidities,
and working in nursing or
Allied health professionals

were associated with
increased odds of long
COVID.

Further research and
collaborative efforts are
key to develop targeted

interventions, and
understand the temporal
and longitudinal dynamics
of long COVID.

can illuminate potential disparities among diverse HCW
groups, providing insights that contribute to more equi-
table healthcare policies and resources.'* ' The diversity
within the UK HCW population, with substantial repre-
sentation of ethnic minority groups, underscores the
importance of research on potential disparities in long
COVID prevalence and risk factors. Ethnicity, socioeco-
nomic status and cultural perceptions of illness may influ-
ence the reporting and management of long COVID
symptoms, raising concerns about healthcare equity
within the workforce."®

Identifying the risk factors for developing long
COVID has been highlighted as a research priority in
the National Institute for Health and Care Excellence
(NICE) guidelines on managing the long-term effects of
COVID-19."7 Several studies have found that female sex,
presence of long-term conditions, obesity, socioeconomic
deprivation and smoking are considered risk factors for
long COVID.'®2! However, the existing evidence on long
COVID risk factors is inconsistent and varies between
different studies.”* According to the Office for National
Statistics (ONS) data from March 2023, self-reported
prevalence of long COVID in the UK is higher in those
who work in healthcare (4.41%) than in the general
population (2.92%), regardless of whether they had
previously tested positive for COVID-19.** This highlights
the unique vulnerabilities faced by this workforce.

While several studies have explored the impact of
COVID-19 on HCWs, specific insights into the prevalence
and risk factors of long COVID among HCWs remain
limited. For instance, a study in an English teaching
hospital found that 45% of HCWs reported ongoing symp-
toms 3—4 months postinfection; however, its findings are
limited by a small, single centre, predominantly female
respondent pool.”” The limitations of existing studies—
such as small sample sizes and limited diversity—hinder
robust conclusions, particularly when considering the
high representation of ethnic minority groups in the UK
healthcare workforce.

Comprehensive research is essential to identify whether
ethnicity plays a role in long COVID risk factors or preva-
lence. Understanding long COVID risk factors in an ethni-
cally diverse HCW cohort can provide critical insights into
cultural and social factors, including health perceptions,
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Table 1 Description of the analysed cohort

Total cohort
N=11 513

Analysed cohort
Those who were infected with

COVID-19

Variable N=2331
Ethnicity

White 1699 (72.9%)

Asian 389 (16.7%)

Black 95 (4.1%)

Mixed 107 (4.6%)

Other 41 (1.8%)

Missing 0 (0.0%)

Migration status
Born in UK
Born abroad
Missing
Age, median (IQR)
Missing
Sex
Male
Female
Missing
IMD quintile
1 (most deprived)
2
3
4
5 (least deprived)
Missing
Comorbidities
Not diabetic
Diabetic
Missing
Comorbidities
No other lung conditions
Other lung conditions
Missing
Comorbidities
No depression
Depression
Missing
Comorbidities
No anxiety
Anxiety
Missing
Comorbidities
Not asthmatic
Asthmatic

1786 (76.6%)
544 (23.3%)
1 (0.0%)

42 (33-52)
17 (0.7%)

559 (24.0%)
1762 (75.6%)
10 (0.4%)

226 (9.7%)

369 (15.8%)
412 (17.7%)
492 (21.1%)
579 (24.8%)
253 (10.9%)

1666 (92.3%)
57 (3.2%)
83 (4.6%)

2206 (94.6%)
20 (0.9%)
105 (4.5%)

1964 (84.3%)
262 (11.2%)
105 (4.5%)

1875 (80.4%)
351 (15.1%)
105 (4.5%)

1913 (82.1%)
313 (13.4%)

Continued

Table 1 Continued

Total cohort
N=11 513

Analysed cohort
Those who were infected with

COVID-19

Variable N=2331

Missing 105 (4.5%)
Comorbidities

No other CVDs* 2012 (86.3%)

Other CVDs* 214 (9.2%)

Missing 105 (4.5%)
BMI

<25 990 (42.5 %)

>25 and <30 659 (28.3%)

>30 and <40 380 (16.3%)

>40 63 (2.7%)

Missing 239 (10.3%)

Alcohol consumption
1 (non-drinker)
2 (monthly or less)
3 (2-4 times per month)
4 (2-3 times per week)
5 (4+ times per week)
Missing
Smoking status
Never/ex-smoker
Current smoker
Missing
Occupation
Doctor or medical support
Nurse, NA or midwife
Allied health professionalt
Dental
Admin, estates or other
Missing

* heart diseases, heart problem, stroke, hypertension (HTN).
TAlso includes pharmacists, healthcare scientists, ambulance workers

and those in optical roles.

FIncludes those who have not had COVID-19 and those who have had
COVID-19 without prolonged symptoms.

BMI, body mass index; CVDs, cardiovascular diseases; IMD, index of
multiple deprivation; NA, Nursing Assistant; Ref, reference category for

categorical variables.

that impact prevalence and self-reporting among ethnic
minority groups. These findings could improve health-
care equity and inform strategies to enhance workforce
resilience.'” We sought to address these knowledge gaps
using data from The United Kingdom Research study
into Ethnicity And COVID-19 outcomes in Healthcare
(UK-REACH) longitudinal cohort study. Specifically, we
aimed to assess the prevalence of UK HCWs who reported
having experienced long COVID and to examine its

371 (15.9%)
545 (23.4%)
594 (25.5%)
559 (24.0%)
251 (10.8%)

11 (0.5%)

2205 (94.6%)
101 (4.3%)
25 (1.1%)

496 (21.3%)
524 (22.5%)
1018 (43.7%)
111 (4.8%)
97 (4.2%)

85 (3.7%)
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Table 2 Description of the cohort with unadjusted ORs for
the association of covariates with long COVID (those who
were infected with COVID-19)

Table 2 Continued

Total
N=2331

Variable Unadjusted OR P value
Ethnicity

White Ref

Asian 0.68 (0.51 to 0.90) 0.007

Black 0.50 (0.27 to 0.90) 0.021

Mixed 0.91 (0.57 to 1.45) 0.68

Other 0.76 (0.35 to 1.66) 0.49
Migration status

Born in UK Ref =

Born abroad 0.62 (0.49 to 0.80) <0.001
Age, per decade increase 1.24 (1.14 to 1.35) <0.001
Sex

Male Ref -

Female 1.37 (1.08 to 1.74) 0.01
IMD quintile

1 (most deprived) Ref =

2 0.75 (0.51 to 1.11) 0.15

3 0.75 (0.52 to 1.09) 0.128

4 0.74 (0.52 to 1.05) 0.088

5 (least deprived) 0.72 (0.51 to 1.03) 0.07
Comorbidities

Not diabetic Ref -

Diabetic 1.69 (1.07 to 2.69) 0.026
Comorbidities

No depression Ref -

Depression 2.30 (1.75 t0 3.01) <0.001
Comorbidities

No anxiety Ref -

Anxiety 2.08 (1.62 to 2.66) <0.001
Comorbidities

No other CVDs Ref -

Other CVDs 1.86 (1.38 t0 2.52) <0.001
Comorbidities

Not asthmatic Ref =

Asthmatic 1.90 (1.47 to 2.47) <0.001
Comorbidities
No other lung conditions Ref -

Other lung conditions 5.31 (2.17 t0 12.95) <0.001
BMI

<25 Ref -

>=25 and <30 1.25 (0.99 to 1.59) 0.062

>=30 and <40 1.76 (1.33 t0 2.32) <0.001

Continued

Total
N=2331
Variable Unadjusted OR P value
>=40 2.15 (1.25 t0 3.71) 0.006
Alcohol consumption
1 (non-drinker) Ref -
2 (monthly or less) 1.10 (0.81 to 1.50) 0.53
3 (2—4 times per month)  0.92 (0.68 to 1.25) 0.596
4 (2-3 times per week) 0.76 (0.55 to 1.05) 0.095
5 (4+ times per week) 1.02 (0.70 to 1.48) 0.924
Smoking status
Never/ex-smoker Ref —
Current smoker 0.89 (0.54 to 1.45) 0.64
Occupation
Doctor or medical support  Ref -
Nurse, NA or midwife 2.12 (1.57 to0 2.87) <0.001
Allied health professional*  1.52 (1.15 to 2.02) 0.003
Dental 1.07 (0.61 to 1.87) 0.808
Admin, estates or other 1.54 (0.90 to 2.62) 0.113

*Also includes pharmacists, healthcare scientists, ambulance
workers and those in optical roles.

BMI, body mass index; CVDs, cardiovascular diseases; IMD, index
of multiple deprivation; NA, Nursing Assistant; Ref, reference
category for categorical variables.

associations with demographic, occupational and socio-
cultural factors in an ethnically diverse cohort.

METHODS

This study has been reported according to the Strength-
ening the Reporting of Observational Studies in Epide-
miology guidelines for reporting observational studies in
online supplemental material 1.

Overview

This analysis is based on the data from the baseline ques-
tionnaire of the UK-REACH nationwide cohort study
collected between December 2020 and March 2021. The
study protocol,”® cohort profile’” and data dictionary
(https://www.uk-reach.org/data-dictionary) provide
detailed information on the study design, sampling and
measures.

Study population

Participants included individuals aged 16 years or older—
aligning with the UK definition of an adult as anyone 16
years or older—residing in the UK and working as HCWs
or ancillary workers in a healthcare setting and/or regis-
tered with one of the seven major UK healthcare profes-
sional regulators.26
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Table 3 Minimally aORs (for the basic demographic and
occupational factors)

Total
N=2331

Variable Minimally aOR (95%Cl) P value
Ethnicity

White Ref

Asian 1.03 (0.74 to 1.42) 0.88

Black 0.66 (0.36 to 1.23) 0.19

Mixed 1.22 (0.75 to 1.97) 0.425

Other 1.30 (0.58 to 2.95) 0.524
Migration status

Born in UK Ref -

Born abroad 0.55 (0.55 t0 0.97) 0.031
Age* 1.23 (1.13 to 1.34) <0.001
Sex

Male Ref -

Female 1.24 (0.97 to 1.60) 0.089
Occupation

Doctor or Ref -

medical support

Nurse, NA or 1.76 (1.26 to 2.46) 0.001

midwife
Allied health 1.42 (1.05 to 1.93) 0.023
professionalt

Dental 0.97 (0.55 to 1.71) 0.906

Admin, estates  1.42 (0.82 to 2.46) 0.21

or other

*for each decade increase in age.

TAlso includes pharmacists, healthcare scientists, ambulance
workers and those in optical roles.

NA, Nursing Assistant; Ref, reference category for categorical
variables.

Recruitment

Professional regulatory bodies sent emails in December
2020 to their registrants containing a hyperlink to the
study website. The sample was supplemented by direct
recruitment through healthcare trusts and advertisement
on social media and newsletters. Interested individuals
could create a user profile, access the participant informa-
tion sheet and provide online consent before completing
the questionnaire. The UK-REACH cohort profile paper
provides detailed information on how the cohort was
recruited.?

Outcome measures

Our primary outcome was long COVID. Long COVID
was defined in our study as symptoms that persisted for
more than bweeks. The questionnaire’s response catego-
ries included ‘Less than 3 weeks’, ‘3-5 weeks’, ‘More than
5 weeks but less than 3 months’, ‘More than 3 months
but less than 6 months’ and ‘More than 6 months’.

3

Consequently, we conducted our primary analysis using
the ‘More than 5 weeks’ category as the closest approx-
imation to our desired definition. This is because the
questionnaire was developed early in the pandemic
before long COVID became a recognised term and its
definition was established. To align with the current stan-
dard definition of post-COVID-19 syndrome by NICE,” we
conducted a sensitivity analysis using the 12-week cut-off
and included these findings in our results.

Our cohort consisted of participants who reported
being infected with COVID-19. A participant’s history of
COVID-19 was derived from answers to the question ‘Do
you think that you currently have or have had COVID-
19?°. Those who answered ‘Yes, my own suspicions’, ‘Yes,
suspected by a doctor but not tested’ or ‘Yes, confirmed
by a positive test’ were considered to have had COVID-19.
Those who reported having had COVID-19 were addition-
ally asked ‘How long have you been unwell since having
COVID-19?°. Those who indicated that they were unwell
for 5weeks or longer since having COVID-19 were consid-
ered to have had long COVID. Those who indicated they
were unwell for 3-5 weeks or shorter were considered not

to have had long COVID.

Exposure

Our primary exposure of interest was self-reported
ethnicity, which we classified according to the 5- and
18-level ethnic group categories provided by the UK’s
ONS.?’ We used the fivelevel variable (White, Asian,
Black, Mixed and Other) in the primary analysis to
ensure sufficient statistical power for detecting differ-
ences between these groups.

Covariates

The selection of additional variables for inclusion in
models that are potentially linked to the outcome was
predetermined as there is a possibility that they are asso-
ciated risk factors. Demographic characteristics were
included, such as age, sex and migration status. Job roles
were categorised into five groups: (1) Doctor or medical
support; (2) Nurse, Nursing Assistant (NA) or Midwife;
(3) Allied Health Professional (AHP), which also includes
pharmacists, healthcare scientists, ambulance workers
and those in optical roles; (4) Dental and (5) Admin,
estates or other roles.

Household, residential and social factors were also
considered, specifically the index of multiple deprivation
(IMD), the official measure of relative deprivation for
small areas in England, expressed as quintiles.30 Alcohol
consumption was measured on a scale from 1 to 5 to
represent the frequency of alcohol intake, and smoking
status was also included. Body mass index (BMI) was cate-
gorised into four groups: (1) BMI<25; (2) BMI>25and <
30; (3) BMI=30and < 40 and (4) BMI>40. Additionally,
self-reported comorbidities were accounted for, including
diabetes (type 1 or type 2), asthma, other lung conditions,
such as chronic obstructive pulmonary disease, bronchitis
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Table 4 Multivariable analysis of factors associated with
long COVID for those who were infected with COVID-19
(fully aORs)

Table 4 Continued

Total
N=2331
Variable Fully aOR (95% Cl) P value
Ethnicity
White Ref -
Asian 0.89 (0.63 to 1.26) 0.514
Black 0.54 (0.28 to 1.02) 0.056
Mixed 1.06 (0.64 to 1.75) 0.829
Other 1.16 (0.49 to 2.75) 0.729
Migration status
Born in UK Ref =
Born abroad 0.75 (0.56 to 1.01) 0.054
Age, per decade 1.29 (1.17 to 1.42) <0.001
increase
Sex
Male Ref -
Female 1.30 (1.00 to 1.70) 0.054
IMD quintile
1 (most deprived) Ref =
2 0.73 (0.48 to 1.11) 0.139
3 0.68 (0.46 to 1.01) 0.059
4 0.66 (0.45 to 0.97) 0.036
5 (least deprived) 0.66 (0.45 to 0.97) 0.035
Comorbidities
Not diabetic Ref -
Diabetic 1.30 (0.78 to 2.15) 0.318
Comorbidities
No depression Ref -
Depression 1.50 (1.07 to 2.11) 0.018
Comorbidities
No anxiety Ref =
Anxiety 1.59 (1.17 to 2.17) <0.001
Comorbidities
No other CVDs Ref -
Other CVDs 1.42 (1.01 to 2.00) 0.047
Comorbidities
Not asthmatic Ref =
Asthmatic 1.88 (1.43 t0 2.48) <0.001
Comorbidities
No other lung Ref -
conditions
Other lung 3.56 (1.36 to0 9.32) 0.01
conditions
BMI
<25 Ref -
Continued

Total
N=2331
Variable Fully aOR (95% Cl) P value
>=25 and <30 1.12 (0.87 to 1.44) 0.374
>=30 and <40 1.32 (0.98 to 1.80) 0.072
>=40 1.46 (0.81 to 2.64) 0.208
Alcohol consumption
1 (non-drinker) Ref -
2 (monthly or less)  0.96 (0.68 to 1.34) 0.79
3 (2—4 times per 0.86 (0.61 to 1.20) 0.375
month)
4 (2-3 times per 0.63 (0.44 to 0.91) 0.012
week)
5 (4+ times per 0.74 (0.49to0 1.13) 0.159
week)
Smoking status
Never/ex-smoker Ref -
Current smoker 0.72 (0.43 t0 1.22) 0.226
Occupation
Doctor or medical  Ref -
support
Nurse, NA or 1.32 (0.93 to 1.87) 0.126
midwife
Allied health 1.28 (0.94 to 1.75) 0.123
professional*
Dental 0.86 (0.48 to 1.55) 0.626
Admin, estates or 1.07 (0.60 to 1.91) 0.828
other

*Also includes pharmacists, healthcare scientists, ambulance
workers and those in optical roles.

BMI, body mass index; CVDs, cardiovascular diseases; IMD, index
of multiple deprivation; NA, Nursing Assistant; Ref, reference
category for categorical variables.

and emphysema, as well as depression, anxiety and other
cardiovascular diseases (CVDs).

A description of each variable and how it was derived
from questionnaire responses can be found in derivation
of covariates from questionnaire data in online supple-
mental material 2 in the supplementary materials.

Statistical analysis

We excluded those with missing data for the primary
exposure and outcome of interest from all analyses. We
were primarily interested in determining factors associ-
ated with long COVID in those with a history of acute
COVID-19 infection and in the association of ethnicity
with long COVID. As a secondary analysis, we addition-
ally included those without a history of acute COVID-19
infection to determine whether the same factors were
also associated experiencing long COVID in HCW gener-
ally and to establish whether risk factors for long COVID
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differ from risk factors for initial SARS-CoV-2 infection
identified in previous work.

We summarised categorical variables as frequency and
percentage, and non-normally distributed continuous
variables as median (interquartile range [IQR]). We
compared demographic, household, occupational and
other factors between ethnic groups using % tests as all
our variables were categorical data and Kruskal-Wallis
tests for continuous data.

We used univariable and multivariable logistic regres-
sion to determine unadjusted and adjusted associations
of the variables described above with long COVID and
report results as unadjusted and adjusted ORs (aORs)
and 95% Cls.

We reported frequency and percentage of observations
with missing data for each variable of interest both overall
and stratified by ethnicity.

We used multiple imputations by chained equations
to impute missing data in these logistic regression
models.” We also used Rubin’s rules to combine the
parameter estimates and standard errors from ten impu-
tations into a single set of results.”” Although indices
of deprivation are available for UK countries outside
England (ie, Scotland, Wales and Northern Ireland),
it is recognised that these are not directly comparable
with English IMD. We, therefore, elected to code IMD
as missing for those outside England and impute the
missing information.

The imputation models used in the final analyses
included all variables, including the outcome measure.

To investigate the extent to which differences in long
COVID risk by ethnic group could be explained by other
related risk factors, we generated a base logistic regres-
sion model (ie, the minimally adjusted model), in which
we adjusted for basic demographic/occupational vari-
ables (ie, age, sex, migration status and job role). We
then added additional variables to explore the health
and lifestyle factors, including, IMD, long-term condi-
tions, BMI, smoking status and alcohol consumption, to
this base model, which we called ‘fully adjusted model’
to assess whether these factors may contribute to ethnic
differences in long COVID prevalence.

In order to assess the potential impact of imputing
missing data on our results, we conducted a sensitivity
analysis using only observations with complete data in all
covariates. This analysis aimed to evaluate the robustness
of our findings when dealing with missing data.

We conducted a sensitivity analysis of HCWs reporting
symptoms persisting for more than 3 months, consistent
with the NICE definition of long COVID. This anal-
ysis aimed to identify specific factors associated with
prolonged symptom duration, thereby contributing
to a more nuanced understanding of long COVID and
exploring potential variations from the findings of our
primary analysis.

All analyses and multiple imputations were performed
using Stata 17 (StataCorp. 2021. Stata Statistical Software:
Release 17. College Station, TX: StataCorp LLC.).

Patient and public involvement

We worked closely with a Professional Expert Panel of
HCWs from a diverse ethnic and occupational back-
ground who helped with shaping the research question
and designing the questionnaire of this study.

RESULTS

Cohort recruitment and formation of the analysis sample
Figure 1 illustrates the recruitment of the cohort. This
is explained in detail, including the response rates in
previous publications.”® ** In summary, 11 513 HCWs
formed the analysis sample, of whom 2331 (20.2%)
reported having had COVID-19.

Description of the analysed cohort

Tables in the main manuscript present the description
and analysis of the cohort that reported having had
COVID-19 (2331 HCWs). A description of the analysed
cohort (N=2331), stratified by ethnicity, is shown in
online supplemental material 3 in the supplementary
materials. Almost all of the predictor variables signifi-
cantly differed by ethnicity. Age was significantly different
by ethnic group (p<0.001), Black and Asian cohorts
were younger on average than White cohorts (Black 39
(IQR 33-53), Asian 39 (IQR 31-48) and White 44 (IQR
33-54)). A greater proportion of Black HCWs lived in
areas corresponding to lower IMD quintiles than White
HCWs. Migration status was also significantly different by
ethnic group (p<0.001) with much greater proportions of
Black, Asian and Other HCWs being born outside the UK
compared with the White cohort (63.2% (Black), 55.3%
(Asian) and 73.2% (Other) vs 12.6% (White)). Ethnic
distribution was not equal across different reported long-
term conditions. Self-reported depression and anxiety
were notably higher in the White cohort compared with
Asian, Black, Mixed and Other groups, while comorbidi-
ties such as asthma and other lung conditions showed less
variability across the ethnic groups (online supplemental
material 3 in the supplementary materials).

Table 1 presents a description of the analysed cohort.
The majority of participants (75.6%) identified as female,
and the median age was 42 years (IQR 33-52). Approxi-
mately, 27% of the cohorts were from an ethnic minority
group (16.7% Asian, 4.1% Black, 4.6% Mixed and 1.8%
Other). 23.3% were born outside the UK. Online supple-
mental material 4—online supplemental material 8 in the
supplementary materials present the description and
analysis of the whole cohort (11 513 HCWs).

Prevalence of long COVID

Overall, we found that among HCWs with a self-reported
history of acute COVID-19 (2331) 22.5% (525/2331)
experienced long COVID. Among the whole cohort
(11513), 4.6% (525) of HCWs experienced long COVID.
21.7% (114) of those who experienced long COVID
were from ethnic minority groups, compared with 28.6%
(518) who did not experience long COVID. Among those
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who reported long COVID, 17.3% were born abroad,
compared with 25.1% among those who did not report
long COVID. Differences in prevalence between other
variables are shown in the table of online supplemental
material 9 (Characteristics and distribution of the vari-
ables in the cohort) in the supplementary materials and
table 1. In sensitivity analyses, we found that 316/2331
(13.6%) HCWs experienced symptoms lasting more than
3months, and 215/2331 (9.2%) experienced symptoms
lasting more than 6 months. Of those, 65/316 (20.6%)
and 38/215 (17.7%) were from ethnic minorities, respec-
tively (see online supplemental material 10—Prevalence
of long COVID by duration of symptoms—and online
supplemental material 11—Ethnic distribution of HCWs
experiencing long COVID symptoms by duration—on-
line supplemental tables in the supplementary materials).

Univariable analysis of risk factors for long COVID
Demographic risk factors
Table 2 presents the unadjusted ORs for the association
of covariates with long COVID. The odds of HCWs of
Black ethnicity (OR 0.50, 95% CI 0.27 to 0.90; p=0.021)
or Asian ethnicity (OR 0.68,95% CI 0.51 to 0.90; p=0.007)
experiencing long COVID were lower than for HCWs of
White ethnicity. HCWs who were born abroad also had
lower odds of experiencing long COVID than those born
in the UK (OR 0.62, 95% C1 0.49 to 0.80; p<0.001).
Compared with HCW participants who did not have
long COVID, participants with long COVID were older
(OR 1.24,95% Cl 1.14 to 1.35; p=<0.001) and more likely
to be female (OR 1.37, 95% CI 1.08 to 1.74; p=0.010)
(table 2).

Occupational risk factors

The odds of experiencing long COVID for HCWs in a
nursing role were higher than that of those in medical
roles (OR 2.12,95% CI 1.57 to 2.87; p<0.001), as shown in
table 2. Additionally, Allied Health Professionals (which
in our study includes ambulance workers, optometrists
and pharmacists) had higher odds of experiencing long
COVID compared with medical roles (OR 1.52, 95% Cl
1.15 to 2.02; p=0.003).

Health risk factors

HCWs with self-reported comorbidities diabetes, asthma,
other lung conditions, CVDs, depression, anxiety and/
or asthma were more likely to experience long COVID
compared with those who did not report having these
conditions (table 2). Those who had a BMI of 230 to
<40 kg/m* were more likely to have reported long COVID
compared with those with BMI<25kg/m* (OR 1.76, 95%
CI 1.33 to 2.23; p<0.001).

Multivariable analysis of risk factors for long COVID

Minimally adjusted model

Demographic and occupational factors

On multivariable analysis in a minimally adjusted model
where we adjusted for migration status, age, sex and
job role, we found that older HCWs were more likely to

experience long COVID (adjusted OR [aOR] 1.23, 95%
CI 1.13 to 1.34; p<0.001) for each decade increase in age.
HCWs who were born outside the UK were less likely to
experience long COVID compared with those born in the
UK (aOR 0.55, 95% CI 0.55 to 0.97; p=0.031). Compared
with medical roles, those working in nursing and
midwifery roles (aOR 1.76, 95% CI 1.26 to 2.46; p=0.001)
and AHPs (aOR 1.42, 95% CI 1.05 to 1.93; p=0.023) were
more likely to experience long COVID (table 3).

Fully adjusted model

Demographic, occupational and health risk factors

On multivariable analysis in a fully adjusted model where
we adjusted for migration status, age, sex, job role, IMD,
self-reported comorbidities (ie, diabetes, other lung
conditions, depression, anxiety, asthma and other CVDs),
BMI, alcohol consumption and smoking status, we found
that older HCWs had an increased risk, with each decade
increase in age leading to higher odds of experiencing
long COVID (aOR 1.23, 95%CI 1.13 to 1.34; p<0.001).
Additionally, self-reported depression (aOR 1.50, 95% CI
1.07 to 2.11; p=0.018) and anxiety (aOR 1.59, 95% CI 1.17
to 2.17; p<0.001) were associated with an elevated risk of
long COVID (table 4). Asthma was also a significant risk
factor (aOR 1.88, 95% CI 1.43 to 2.48; p<0.001). Alcohol
consumption 2-3 times per week was associated with a
lower risk of long COVID compared with those drinking
no alcohol (aOR 0.63, 95% CI 0.44 to 0.91; p=0.012).

Association of ethnicity with long COVID risk
There were no significant differences in risk of long
COVID by ethnic group.

Sensitivity analyses

Conducting the analysis on observations with complete
data in all covariates for the fully adjusted model for the
univariable analysis and fully adjusted and minimally
adjusted models (see online supplemental material 8—
Sensitivity analysis of factors associated with long COVID
for those who were infected with COVID-19 and the
whole cohort preceding imputation of the data—online
supplemental table in the supplementary materials) did
not significantly alter interpretation of the results of the
primary analysis (i.e., the significant predictors remained
the same).

We conducted both fully and minimally adjusted multi-
variable analyses (see online supplemental material
12—Sensitivity analysis: multivariable analysis of factors
associated with long COVID that persists for longer
than 3 months (fully aOR)—and online supplemental
material 13—Sensitivity analysis: multivariable analysis
of factors associated with long COVID that persists for
longer than 3 months (minimally aOR)—online supple-
mental tables in the supplementary materials) to identify
unique factors related to prolonged symptoms for more
than 3months. A key finding in the fully adjusted model
(online supplemental material 12) was that HCWs, who
self-reported COVID-19 were born outside the UK and
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experienced symptoms for more than 3 months, were less
likely to experience long COVID compared with those
born in the UK (aOR 0.65, 95% CI 0.44 to 0.94; p=0.022).
This was not significant in the fully adjusted model of our
primary analysis (see table 4).

DISCUSSION
Prevalence of long COVID
We report the first findings from the largest nationwide
study of long COVID and its associated risk factors in
HCWs across the UK. Among the whole cohort (11 513),
4.6% (525) of HCWs reported long COVID. Our study
findings align with a report by the ONS, which estimated
that the prevalence of self-reported long COVID among
HCWs in the UK is approximately 4.4%.>' While ONS
data underscore the heightened risk of long COVID
among HCWs compared with non-HCWs (2.9%), largely
attributed to their occupational exposure and unique
risk factors, our study adds to the literature by now high-
lighting the subgroups of HCWs with an increased long
COVID prevalence, providing important insights into
occupational and sociodemographic disparities.348im-
ilarly, a systematic review by Cruickshank et al (2024)
reported long COVID prevalence among HCWs ranging
from 23% to 73%, reflecting variations in study design,
population characteristics and geographic context.”
While our findings fall within this range, they highlight
the importance of a standardised approach to defining
and measuring long COVID across studies to enable
meaningful cornparisons.36

The ongoing relevance of long COVID research extends
beyond the immediate consequences of the condition, as
evidence indicates that long COVID continues to affect
workforce capacity through increased absenteeism and
reduced productivity, posing risks to healthcare system
resilience.?” % Addressing these challenges is critical
as HCWs remain a cornerstone of healthcare delivery
during the postpandemic recovery phase.

Ethnicity and cultural factors in long COVID risk

One key aspect of our findings highlights the complex
relationship between ethnicity and long COVID, which
is influenced not just by physiological factors but by
social and psychological dimensions. In our analysis, we
found an association of ethnicity with long COVID risk
in the univariable analysis. Additionally, in our mini-
mally adjusted model, HCWs from Mixed and Other
ethnic groups showed an increased risk of long COVID
compared with White HCWs, but this association was
attenuated after adjusting for other variables. Our findings
are in agreement with the published literature. Notably,
in the posthospitalisation COVID-19 UK-multicentred
study, which sought to identify factors related to recovery
from COVID-19 among 1077 patients discharged from
hospitals, no significant association was found between
ethnicity and the absence of full recovery.”

Studies have shown that cultural norms and migration-
related challenges can lead to different perceptions of
health and illness. For example, a community study of
over 600000 individuals in England found that Asian
ethnicity was associated with lower risk of persistent
symptoms compared with people of White ethnicity.*’
This finding may not necessarily reflect lower symptom
burden but rather differences in symptom interpreta-
tion and reporting tendencies. The complex relationship
among ethnicity, COVID-19 outcomes and long COVID
remains an area of active research. Socioeconomic dispar-
ities, cultural factors, migration status and differences in
healthcare access may contribute to varying outcomes
among different ethnic groups.*’ This raises important
questions about whether the lower risk of long COVID
observed in certain ethnic minority groups is reflective of
actual differences in risk or whether it may be attributed
to lower reporting, cultural differences in reporting of
symptoms, differences in access to healthcare services
or other underlying factors.”” ** One of our findings on
migration status was that HCWs who were born outside
the UK were less likely to experience post-COVID-19
syndrome (ie, long COVID for more than 3months)
compared with those born in the UK. Several factors
might account for this finding. Migrant HCWs in the
UK on work visas may not have provisions for extended
sick leave.*” This might discourage them from reporting
or acknowledging the symptoms of long COVID due
to concerns about job security or potential repercus-
sions.” ** Cultural or socioeconomic factors could also
play a role.** For instance, migrant HCWs might under-
report symptoms of long COVID due to a cultural
tendency to endure health challenges without complaint
or the pressures of being in a foreign country.*” More-
over, stigma and cultural barriers about mental illnesses,
such as depression and anxiety, in some ethnic minority
communities may have influenced self-awareness and self-
reporting of these conditions.”” Research in this area has
highlighted that different cultural contexts can signifi-
cantly impact how mental health symptoms are perceived
and reported.*” “' This suggests that our findings on self-
reported mental health conditions might be influenced
by these sociocultural factors, leading to variations in
reporting rather than actual differences in prevalence.
By not fully accounting for these disparities, healthcare
systems risk underestimating the impact of long COVID
within these communities.

Occupational risk factors

Our results from the minimally adjusted model revealed
that HCWs in nursing professions and AHPs were
more likely to experience long COVID compared with
doctors. However, this association was attenuated in the
fully adjusted model. One potential explanation for this
attenuation is confounding. Variables like long-term
conditions, IMD, alcohol consumption and smoking
status could vary by both job role and the likelihood of
experiencing long COVID, which makes them potential
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confounders. Furthermore, there is a possibility of statis-
tical overadjustment. By controlling for variables that
might be in the causal pathway, we could be inadvertently
masking the impact of the profession on long COVID
risk. As such, considering the findings of our minimally
adjusted model raises important questions about the
potential role of different exposures and job tasks in
contributing to the risk of long COVID among HCWs.*
Previous research has highlighted that frontline HCWs,
especially those in direct patient care roles, may face a
higher risk of COVID-19 infection and its consequences
due to repeated exposure to the virus.*’

Health-related risk factors and comorbidities

We also found that HCWs with self-reported comor-
bidities, such as diabetes, asthma, other lung condi-
tions, CVDs, depression or anxiety, were more likely
to experience long COVID. These results align with
existing evidence that underlying health conditions
may play a role in the development of long-term
symptoms.** Notably, in our study, obesity was asso-
ciated with an increased risk of long COVID. This
finding is consistent with a study of 2053 workers in
health and social services in Germany that found that
participants with obesity were more affected in terms
of symptoms persisting for longer than 3 months.*

Strengths and limitations

To the best of our knowledge, this is the first and
largest study in the UK examining factors associated
with long COVID in HCWs, with implications beyond
the UK. The occupational and sociodemographic
challenges identified here are relevant internation-
ally, suggesting that EDI-aligned approaches can
benefit HCWs in diverse healthcare settings. Adopting
EDI-focused strategies informed by these findings
could help enhance workforce resilience and patient
care globally, providing a framework for addressing
similar challenges in other countries. Limitations of
this study include its cross-sectional design, which
limits the ability to establish causality and temporality
between the identified risk factors and long COVID.
This has particular relevance to the findings related
to anxiety and depression as these could potentially
occur as a result of long COVID. Additionally, the
study relied on self-reported data, which may intro-
duce recall bias or social desirability bias. We defined
long COVID as symptoms persisting for more than
5weeks to be inclusive of the NICE definition of long
COVID, which includes both ongoing symptomatic
COVID-19 (signs/symptoms for 4-12 weeks) and
post-COVID-19 syndrome (signs/symptoms for >12
weeks), and our question regarding ongoing symp-
toms for b weeks or longer, which we developed prior
to the development of standardised case definitions
of long COVID. However, acknowledging the current
NICE definition,’ we conducted a sensitivity analysis

using the 12-week cut-off and found no significant
differences in the results. Furthermore, one poten-
tial limitation of our study is the reliance on email
invites and online questionnaires, which may not
have been accessible to all participants, particularly
those on sick leave who might have had limited access
to their emails. Despite these limitations, the findings
provide valuable insights into the risk factors associ-
ated with long COVID among HCWs, emphasising the
importance of age, comorbidities, mental health and
occupation in contributing to long-term outcomes.
Furthermore, our study addresses a notable research
gap by examining the predictors of long COVID within
HCWs. This is particularly relevant considering the
pronounced impact of the pandemic on HCWs, which
has received insufficient attention so far.

Implications and conclusions

In conclusion, this study highlights several risk factors
for long COVID among HCWs infected with COVID-
19. Older age, females, presence of comorbidities
(eg, asthma, depression and anxiety) and working
in nursing or AHPs were associated with increased
odds of long COVID. These findings provide valuable
insights into an under-represented group, enabling
the development of targeted interventions to improve
outcomes for HCWs and patient care quality.

Our results underscore the need for future research
to explore these social and psychological factors in
depth. Longitudinal analyses to examine factors
associated with recovery from long COVID in addi-
tion to qualitative study designs are recommended to
better understand the experience of HCWs with long
COVID, particularly migrants and those from ethnic
minority backgrounds. Furthermore, our work high-
lights the need for further research into the recovery
process from long COVID both for health services
and long COVID patients themselves, which could
provide valuable information for developing effective
treatment and support strategies.

Future research should focus on longitudinal anal-
yses and qualitative studies to understand recovery
processes and the social and psychological factors
affecting HCWs, particularly migrants and ethnic
minorities. Targeted health interventions, including
regular health screenings, workload adjustments and
enhanced mental health support, are essential for
older HCWs, females, those with specific comorbid-
ities and professionals in nursing or allied health
roles. Addressing these needs is critical to ensuring
equitable health outcomes and sustaining the health-
care workforce. See figure 2 for take-home messages.

Author affiliations

'Department of Respiratory Sciences, University of Leicester, Leicester, UK
ZUniversity of Nottingham, Nottingham, UK

®Department of Infection and HIV Medicine, University Hospitals of Leicester NHS
Trust, Leicester, UK

Al-Oraibi A, et al. BMJ Open 2025;15:6086578. doi:10.1136/bmjopen-2024-086578

11

1ybuAdoo
Ag peosiold sedines Arelqi] 10N e G20z ‘2 Arenuer uo jwodfwg uadolwgy/:dny woly papeocjumoq ‘SZ0z Arenuer 9 uo 8/5980-720z-uadolwa/9eTT 0T Se paysiignd 1s1y :usdo rING


http://bmjopen.bmj.com/

“University College London Medical School, London, UK

SCollege of Population Health, The University of New Mexico—Albuquerque,
Albuquerque, New Mexico, USA

6Department of Population Health Sciences, University of Leicester, Leicester, UK
"NIHR Leicester Biomedical Research Centre, Leicester, UK

®Diabetes Research Center, University of Leicester, Leicester, UK

°Respiratory Sciences Department, University of Leicester, Leicester, UK

X Katherine Woolf @kathwoolf and Manish Pareek @drmanpareek

Contributors All authors contributed to the study concept and design, and the
acquisition, analysis or interpretation of data. AA-O wrote the first draft of the
manuscript. AA-O and CAM conducted the analyses. All authors (AA-O, CAM, KW,
LB, LBN, CT, KK and MP) critically revised the manuscript for important intellectual
content and approved the final version. The corresponding author (MP) confirms
that all listed authors meet authorship criteria. MP is responsible for the overall
content as guarantor.

Funding We would like to thank NHS Race and Health Observatory for funding this
work. Grant number [2122-59]. The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or writing of the manuscript.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Consent obtained directly from patient(s).

Ethics approval The study was approved by the Health Research Authority
(Brighton and Sussex Research Ethics Committee; ethics reference: 20/HRA/4718).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. Data are available on reasonable
request. Data may be made available through data use agreements among
researchers interested in using the data.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Amani Al-Oraibi http://orcid.org/0000-0003-1502-2627
Christopher A Martin http://orcid.org/0000-0002-2337-4799
Katherine Woolf http://orcid.org/0000-0003-4915-0715
Manish Pareek http://orcid.org/0000-0003-1521-9964

REFERENCES

1 Gupta N, Dhamija S, Patil J, et al. Impact of COVID-19 pandemic on
healthcare workers. Ind Psychiatry J 2021;30:5282-4.

2 Nguyen LH, Drew DA, Graham MS, et al. Risk of COVID-19 among
front-line health-care workers and the general community: a
prospective cohort study. Lancet Public Health 2020;5:e475-83.

3 Michelen M, Manoharan L, Elkheir N, et al. Characterising long
COVID: a living systematic review. BMJ Glob Health 2021;6:e005427.

4 Overview | COVID-19 Rapid Guideline: Managing the Long-Term
Effects of COVID-19 | Guidance. NICE, 2020.

5 NIHR. New definitions for long covid developed with patients and
carers. NIHR; 2022.

6 NICE. COVID-19 rapid guideline: managing the longterm effects of
COVID-19. 2022. Available: https://www.nice.org.uk/guidance/ng188

7 Ziauddeen N, Gurdasani D, O’Hara ME, et al. Characteristics and
impact of Long Covid: Findings from an online survey. PLoS ONE
2022;17:e0264331.

8 Carfi A, Bernabei R, Landi F, et al. Persistent Symptoms in Patients
After Acute COVID-19. JAMA 2020;324:603-5.

9 NHS England. Long covid: the NHS plan for 2021/22. 2021.
Available: https://www.england.nhs.uk/coronavirus/documents/long-
covid-the-nhs-plan-for-2021-22

10 Greenhalgh T, Knight M, A’'Court C, et al. Management of post-acute
covid-19 in primary care. BMJ 2020;370:m3026.

11 Davis HE, McCorkell L, Vogel JM, et al. Long COVID: major
findings, mechanisms and recommendations. Nat Rev Microbiol
2023;21:133-46.

12 Al-Oraibi A, Woolf K, Nellums LB, et al. Caring for the carers:
understanding long covid in our diverse healthcare workforce. BMJ
2022;377:1152.

13 Koontalay A, Suksatan W, Prabsangob K, et al. Healthcare Workers’
Burdens During the COVID-19 Pandemic: A Qualitative Systematic
Review. J Multidiscip Healthc 2021;14:3015-25.

14 Gohar B, Lariviere M, Nowrouzi-Kia B. Sickness absence in
healthcare workers during the COVID-19 pandemic. Occup Med
(Lond) 2020;70:338-42.

15 National Institute for Health and Care Excellence (NICE) SIGN
(SIGN) and RC of GP (RCGP). Covid19 rapid guideline:
managing the longterm effects of covid19. National institute
for health and care excellence (NICE), scottish intercollegiate
guidelines network (SIGN) and royal college of general
practitioners (RCGP); 2022.1-106.

16 Pazukhina E, Andreeva M, Spiridonova E, et al. Prevalence and risk
factors of post-COVID-19 condition in adults and children at 6 and
12 months after hospital discharge: a prospective, cohort study in
Moscow (StopCOVID). BMC Med 2022;20:244.

17 Subramanian A, Nirantharakumar K, Hughes S, et al. Symptoms
and risk factors for long COVID in non-hospitalized adults. N Med
2022;28:1706-14.

18 Thompson EJ, Williams DM, Walker AJ, et al. Long COVID burden
and risk factors in 10 UK longitudinal studies and electronic health
records. Nat Commun 2022;13:3528.

19 Han Q, Zheng B, Daines L, et al. Long-Term Sequelae of COVID-19:
A Systematic Review and Meta-Analysis of One-Year Follow-Up
Studies on Post-COVID Symptoms. Pathogens 2022;11:269.

20 Akbarialiabad H, Taghrir MH, Abdollahi A, et al. Long COVID,

a comprehensive systematic scoping review. Infection
2021;49:1163-86.

21 Ayoubkhani D, Bosworth M, King S. Prevalence of ongoing
symptoms following coronavirus (covid-19) infection in the uk: 30
march 2023. Off for Natl Stats; 2023.

22 Gaber TA-ZK, Ashish A, Unsworth A. Persistent post-
covid symptoms in healthcare workers. Occup Med (Lond)
2021;71:kqab043:144-6:.

23 von EIm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
Statement. Epidemiology (Sunnyvale) 2007;18:800-4.

24 Woolf K, Melbourne C, Bryant L, et al. The United Kingdom
Research study into Ethnicity And COVID-19 outcomes in
Healthcare workers (UK-REACH): protocol for a prospective
longitudinal cohort study of healthcare and ancillary workers in
UK healthcare settings. BMJ Open 2021;11:e050647.

25 Bryant L, Free RC, Woolf K, et al. Cohort Profile: The United Kingdom
Research study into Ethnicity and COVID-19 outcomes in Healthcare
workers (UK-REACH). Int J Epidemiol 2023;52:e38-45.

26 Ethnic group, national identity and religion. Office for National
Statistics (ONS); 2019.

27 Noble S, McLennan D, Noble M, et al. Ministry of housing,
communities and local government. The english indices of
deprivation; 2019.

28 Azur MJ, Stuart EA, Frangakis C, et al. Multiple imputation by
chained equations: what is it and how does it work? Int J Methods
Psychiatr Res 2011;20:40-9.

29 Sinharay S, Stern HS, Russell D. The use of multiple imputation for
the analysis of missing data. Psychol Methods 2001;6:317-29.

30 Woolf K, McManus IC, Martin CA, et al. Ethnic differences in
SARS-CoV-2 vaccine hesitancy in United Kingdom healthcare
workers: Results from the UK-REACH prospective nationwide
cohort study. Lancet Reg Health Eur 2021;9:100180.

31 Evans RA, McAuley H, Harrison EM, et al. Physical, cognitive,
and mental health impacts of COVID-19 after hospitalisation
(PHOSP-COVID): a UK multicentre, prospective cohort study.
Lancet Respir Med 2021;9:1275-87.

12

Al-Oraibi A, et al. BMJ Open 2025;15:2086578. doi:10.1136/bmjopen-2024-086578

1ybuAdoo
Ag peosiold sedines Arelqi] 10N e G20z ‘2 Arenuer uo jwodfwg uadolwgy/:dny woly papeocjumoq ‘SZ0z Arenuer 9 uo 8/5980-720z-uadolwa/9eTT 0T Se paysiignd 1s1y :usdo rING


https://x.com/kathwoolf
https://x.com/drmanpareek
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1502-2627
http://orcid.org/0000-0002-2337-4799
http://orcid.org/0000-0003-4915-0715
http://orcid.org/0000-0003-1521-9964
http://dx.doi.org/10.4103/0972-6748.328830
http://dx.doi.org/10.1016/S2468-2667(20)30164-X
http://dx.doi.org/10.1136/bmjgh-2021-005427
https://www.nice.org.uk/guidance/ng188
http://dx.doi.org/10.1371/journal.pone.0264331
http://dx.doi.org/10.1001/jama.2020.12603
https://www.england.nhs.uk/coronavirus/documents/long-covid-the-nhs-plan-for-2021-22
https://www.england.nhs.uk/coronavirus/documents/long-covid-the-nhs-plan-for-2021-22
http://dx.doi.org/10.1136/bmj.m3026
http://dx.doi.org/10.1038/s41579-022-00846-2
http://dx.doi.org/10.1136/bmj.o1152
http://dx.doi.org/10.2147/JMDH.S330041
http://dx.doi.org/10.1093/occmed/kqaa093
http://dx.doi.org/10.1093/occmed/kqaa093
http://dx.doi.org/10.1186/s12916-022-02448-4
http://dx.doi.org/10.1038/s41591-022-01909-w
http://dx.doi.org/10.1038/s41467-022-30836-0
http://dx.doi.org/10.3390/pathogens11020269
http://dx.doi.org/10.1007/s15010-021-01666-x
http://dx.doi.org/10.1093/occmed/kqab043
http://dx.doi.org/10.1097/EDE.0b013e3181577654
http://dx.doi.org/10.1136/bmjopen-2021-050647
http://dx.doi.org/10.1093/ije/dyac171
http://dx.doi.org/10.1002/mpr.329
http://dx.doi.org/10.1002/mpr.329
https://pubmed.ncbi.nlm.nih.gov/11778675
http://dx.doi.org/10.1016/j.lanepe.2021.100180
http://dx.doi.org/10.1016/S2213-2600(21)00383-0
http://bmjopen.bmj.com/

32

33
34

35

36

37

38

39

Whitaker M, Elliott J, Chadeau-Hyam M, et al. Persistent COVID-19
symptoms in a community study of 606,434 people in England. Nat
Commun 2022;13:1957.

Trades Union Congress. Insecure work and ethnicity. 2017.
Castafieda H, Holmes SM, Madrigal DS, et al. Immigration

as a social determinant of health. Annu Rev Public Health
2015;36:375-92.

Cruickshank M, Brazzelli M, Manson P, et al. What is the impact

of long-term COVID-19 on workers in healthcare settings?

A rapid systematic review of current evidence. PLoS ONE
2024;19:e0299743.

Norredam M, Hayward S, Deal A, et al. Understanding and
addressing long-COVID among migrants and ethnic minorities in
Europe. Lancet Reg Health Eur 2022;19:100427.

Abubakar |, Aldridge RW, Devakumar D, et al. The UCL-Lancet
Commission on Migration and Health: the health of a world on the
move. The Lancet 2018;392:2606-54.

Kim G, Aguado Loi CX, Chiriboga DA, et al. Limited English
proficiency as a barrier to mental health service use: a study of
Latino and Asian immigrants with psychiatric disorders. J Psychiatr
Res 2011;45:104-10.

Bignall T, Jeraj S, Helsby E, et al. Racial disparities in mental health:
literature and evidence review.

40

41

42

43

44

45

Eylem O, de Wit L, van Straten A, et al. Stigma for common mental
disorders in racial minorities and majorities a systematic review and
meta-analysis. BMC Public Health 2020;20:879.

Algahtani HMS, Almulhim A, AlNajjar FA, et al. Cultural adaptation of
cognitive behavioural therapy (CBT) for patients with depression and
anxiety in Saudi Arabia and Bahrain: a qualitative study exploring
views of patients, carers, and mental health professionals. tCBT
2019;12:e44.

Kromydas T, Demou E, Edge R, et al. Occupational differences
in the prevalence and severity of long-COVID: analysis of the
Coronavirus (COVID-19) Infection Survey. Occup Environ Med
2023;80:545-52.

Martin CA, Pan D, Melbourne C, et al. Predictors of SARS-CoV-2
infection in a multi-ethnic cohort of united kingdom healthcare
workers: a prospective nationwide cohort study (UK-REACH).
medRxiv 2021.

Sigfrid L, Drake TM, Pauley E, et al. Long Covid in adults
discharged from UK hospitals after Covid-19: A prospective,
multicentre cohort study using the ISARIC WHO Clinical
Characterisation Protocol. Lancet Reg Health Eur
2021;8:100186.

Peters C, Dulon M, Westermann C, et al. Long-Term Effects of
COVID-19 on Workers in Health and Social Services in Germany. Int
J Environ Res Public Health 2022;19:6983.

Al-Oraibi A, et al. BMJ Open 2025;15:6086578. doi:10.1136/bmjopen-2024-086578

13

1ybuAdoo
Ag peosiold sedines Arelqi] 10N e G20z ‘2 Arenuer uo jwodfwg uadolwgy/:dny woly papeocjumoq ‘SZ0z Arenuer 9 uo 8/5980-720z-uadolwa/9eTT 0T Se paysiignd 1s1y :usdo rING


http://dx.doi.org/10.1038/s41467-022-29521-z
http://dx.doi.org/10.1038/s41467-022-29521-z
http://dx.doi.org/10.1146/annurev-publhealth-032013-182419
http://dx.doi.org/10.1371/journal.pone.0299743
http://dx.doi.org/10.1016/j.lanepe.2022.100427
http://dx.doi.org/10.1016/S0140-6736(18)32114-7
http://dx.doi.org/10.1016/j.jpsychires.2010.04.031
http://dx.doi.org/10.1016/j.jpsychires.2010.04.031
http://dx.doi.org/10.1186/s12889-020-08964-3
http://dx.doi.org/10.1017/S1754470X1900028X
http://dx.doi.org/10.1136/oemed-2023-108930
http://dx.doi.org/10.1101/2021.12.16.21267934
http://dx.doi.org/10.1016/j.lanepe.2021.100186
http://dx.doi.org/10.3390/ijerph19126983
http://dx.doi.org/10.3390/ijerph19126983
http://bmjopen.bmj.com/

	Prevalence of and factors associated with long COVID among diverse healthcare workers in the UK: a cross-­sectional analysis of a nationwide study (UK-­REACH)
	Abstract
	Introduction﻿﻿
	Methods
	Overview
	Study population
	Recruitment
	Outcome measures
	Exposure
	Covariates
	Statistical analysis
	Patient and public involvement

	Results
	Cohort recruitment and formation of the analysis sample
	Description of the analysed cohort
	Prevalence of long COVID
	Univariable analysis of risk factors for long COVID
	Demographic risk factors
	Occupational risk factors
	Health risk factors

	Multivariable analysis of risk factors for long COVID
	Minimally adjusted model
	Demographic and occupational factors


	Fully adjusted model
	Demographic, occupational and health risk factors
	Association of ethnicity with long COVID risk

	Sensitivity analyses

	Discussion
	Prevalence of long COVID
	Ethnicity and cultural factors in long COVID risk
	Occupational risk factors
	Health-related risk factors and comorbidities
	Strengths and limitations
	Implications and conclusions

	References


