Taylor &Francis
: Stress
STRESS

= The International Journal on the Biology of Stress

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ists20

Fatigue during the COVID-19 pandemic -
prevalence and predictors: findings from a
prospective cohort study

Michail Kalfas, Kieran Ayling, Ru Jia, Carol Coupland, Kavita Vedhara &
Trudie Chalder

To cite this article: Michail Kalfas, Kieran Ayling, Ru Jia, Carol Coupland, Kavita Vedhara
& Trudie Chalder (2024) Fatigue during the COVID-19 pandemic - prevalence and
predictors: findings from a prospective cohort study, Stress, 27:1, 2352117, DOI:
10.1080/10253890.2024.2352117

To link to this article: https://doi.org/10.1080/10253890.2024.2352117

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

A
h View supplementary material &

@ Published online: 17 May 2024.

N
C)/ Submit your article to this journal

||I| Article views: 274

A
& View related articles &'

) view crossmark data ™

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ists20


https://www.tandfonline.com/action/journalInformation?journalCode=ists20
https://www.tandfonline.com/journals/ists20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10253890.2024.2352117
https://doi.org/10.1080/10253890.2024.2352117
https://www.tandfonline.com/doi/suppl/10.1080/10253890.2024.2352117
https://www.tandfonline.com/doi/suppl/10.1080/10253890.2024.2352117
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10253890.2024.2352117?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10253890.2024.2352117?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2024.2352117&domain=pdf&date_stamp=17 May 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2024.2352117&domain=pdf&date_stamp=17 May 2024

STRESS
2024, VOL. 27, NO. 1, 2352117
https://doi.org/10.1080/10253890.2024.2352117

Taylor & Francis
Taylor & Francis Group

B OPEN ACCESS ) Gheckorpastes

RESEARCH ARTICLE

Fatigue during the COVID-19 pandemic - prevalence and predictors: findings
from a prospective cohort study

Michail Kalfas®!, Kieran Ayling®!, Ru Jia, Carol Coupland®, Kavita Vedhara?¥ and Trudie Chalder®

aDepartment of Psychological Medicine, Institute of Psychiatry, Psychology & Neuroscience, King's College London, London, UK; "Centre for
Academic Primary Care, School of Medicine, University of Nottingham, Nottingham, UK; “Nuffield Department of Primary Care Health Sciences,
Medical Science Division, University of Oxford, Oxford, UK; 9School of Psychology, Cardiff University, Cardiff, UK

ABSTRACT

The COVID-19 pandemic and consequent lockdowns had a substantial impact on mental health.
Distress and fatigue are highly correlated. However, little is known about the determinants of fatigue
in the general population during the pandemic. This study aimed to examine the prevalence and
predictors of fatigue during the COVID-19 pandemic in the UK population. Online surveys were
completed by a UK community cohort in April 2020 (wave 1), July-September 2020 (wave 2) and
November-December 2020 (wave 3). In total, 3097 participants completed the wave 1 survey, and
1385 and 1087 participants (85.4% women) completed wave 2 and 3 surveys respectively. Fatigue
was assessed using the Chalder Fatigue Scale at waves 2 and 3. Hair samples were provided by 827
participants (90.6% women) at wave 1 and wave 2, which were analyzed to indicate HairE (stress
hormone). The mean total fatigue score during wave 2 was 14.7 (SD = 4.7), significantly higher than
pre-pandemic levels observed in the community (mean difference 0.50, p = .003). At wave 2, 614
(44.3%) participants met the case definition for fatigue, only 15.6% of whom indicated that fatigue
lasted for more than 6months (suggesting it had started prior to the pandemic). Predictors of
fatigue at wave 3 included being in a risk group, depression and belief in having COVID-19, which
explained 23.8% of the variability in fatigue scores. Depression at wave 1 was the only significant
predictor of remaining a fatigue case at wave 3. Fatigue was highly prevalent in the UK community
during the COVID-19 pandemic and limited people’s daily function. Depression and sociodemographic
variables were significant predictors of fatigue.
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HIGHLIGHTS

« Fatigue levels between July-December 2020 were higher compared to pre-pandemic levels.

« Predictors of fatigue levels 7-8 months later included being a clinical risk group, depression and
belief in having had COVID-19.

« HairE was not associated with fatigue.

« Depression was the only significant predictor of remaining a fatigue case.

1. Introduction ilinesses, loneliness and being at risk of COVID-19 complica-
tions (Hopf et al,, 2022; Jia et al,, 2020; 2022; Xiong et al., 2020).

Rises in cortisol levels were also observed during the
COVID-19 pandemic (Haucke et al., 2022; Hopf et al., 2022;

Rajcani et al., 2021). Hair cortisone (i.e. a metabolite of corti-

COVID-19 was officially declared a pandemic on the 11t
March 2020 (World Health Organization, 2020). This was fol-
lowed by a number of protective measures in many countries
to contain the virus, including mask-wearing, social distanc-

ing, and travel restrictions. Despite these and other measures,
the pandemic resulted in unprecedented disruption to peo-
ple’s daily lives, healthcare services and economies globally.
One of the more notable impacts of the pandemic was on
mental health, with studies reporting an increase in depres-
sion, anxiety and stress (Jia et al., 2022; Xiong et al.,, 2020).
Factors associated with increased psychological distress
during the COVID-19 pandemic included female gender,
younger age, unemployment, presence of chronic/psychiatric

sol), specifically increased in greatest levels in those with a
history of mental health difficulties and higher levels of stress
(Jia et al., 2023).

Fatigue in the context of the COVID-19 pandemic has also
received considerable interest, with studies reporting an
increase in the prevalence of fatigue following COVID-19
infection (Joli et al., 2022; Poole-Wright et al., 2023). The psy-
chological impact of the restrictions, can also increase fatigue.
Cross-sectional studies found that disruption in daily life and
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restrictions due to the pandemic (e.g. social distancing) were
positively associated with fatigue levels (Morgul et al., 2021;
Yan et al., 2022). The COVID-19 pandemic was also associated
with sleep disturbance (Jahrami et al., 2022) and psychologi-
cal distress (Sun et al., 2021), both of which have been linked
with increased fatigue (Algahtani et al, 2022; Lee & Choi,
2022; Leung et al., 2022). Research also indicates that fatigue
is associated with distress (Loke et al, 2022; Pawlikowska
et al,, 1994) and stress hormones, with a cross sectional study
reporting that low salivary cortisol and a flat slope in diurnal
cortisol were associated with fatigue (Kumari et al., 2009).

Nevertheless, little is known about the prevalence and pre-
dictors of fatigue in the general population during the
COVID-19 pandemic. Existing research focuses either on
fatigue subsequent to COVID-19 infection (Joli et al., 2022;
Kedor et al, 2022; Stavem et al., 2021), or on “pandemic
fatigue” (Abdul Rashid et al, 2023; Haktanir et al, 2022;
Labrague & Ballad, 2021; Leung et al, 2022), which is
described as a decline in adherence to lockdown rules and
low motivation to follow protective behaviors (Haktanir et al.,
2022; World Health Organization, 2020). To our knowledge,
existing studies that assessed general fatigue during the
COVID-19 pandemic used a cross-sectional design (John et al.,
2022; Morgul et al, 2021; Yan et al, 2022) and exclusively
recruited healthcare workers (Lee & Choi, 2022; Sagherian
et al, 2020; Teng et al., 2020). These studies found that fatigue
was highly prevalent and was associated with psychological
distress and COVID-19 related preventive measures. However,
due to their cross-sectional design, are less well able to
explore potential determinants of fatigue.

Taken together, although evidence suggests that stress hor-
mones, psychological distress and fatigue are closely related,
prospective research examining these associations is scarce.
The present prospective study investigated the prevalence and
predictors of fatigue during the COVID-19 pandemic in the UK
population. We hypothesized that (1) given the association of
fatigue, with distress (Loke et al, 2022; Pawlikowska et al.,
1994), cortisol (Kumari et al, 2009) and pandemic-related
restrictions (Morgul et al., 2021; Yan et al., 2022), there will be
a high prevalence of fatigue during July-December 2020; (2)
demographic factors, stress hormones as well as psychological
and situational factors (e.g. belief of having COVID-19) will pre-
dict fatigue levels during the COVID-19 pandemic.

2. Materials and methods
2.1. Study design and sample

The present paper draws on data collected as part of the
COVID Stress and Health Study: a longitudinal cohort study
examining the psychological and physical effects of the
COVID-19 pandemic on the UK population. Details regarding
the study design and recruitment have been described else-
where (Jia et al., 2020). In brief, eligibility criteria stated that
participants should be: aged 18 and over; able to give
informed consent; able to read English and residing in the UK
at the time of completing the survey. Recruitment occurred
through a mainstream and social media campaign, keyworker
professional bodies, and NHS trusts. The data presented here

come from the first, second and third waves of data collec-
tion, collected between 3rd April 2020 and 30th April 2020
(wave 1), 1st July and 21st September 2020 (wave 2) and
11th November and 31st December 2020 (wave 3).

In the UK, the first national lockdown started on the 23rd
March 2020, and was gradually relaxed from 11th May 2020,
when the government allowed people to meet others from
outside their household and reopened schools and
non-essential retail venues. This remained until September
2020, aside from a local lockdown in Leicester in July.
However, in November 2020, due to an increase in the num-
ber of infections and deaths, another national lockdown was
declared, which continued until December 2020, when restric-
tions were gradually eased.

The authors assert that all procedures contributing to this
work complied with the ethical standards of the relevant
national and institutional committees on human experimen-
tation and with the Helsinki Declaration of 1975, as revised in
2008. All procedures involving human subjects/patients were
approved by University of Nottingham Faculty of Medicine
and Health Sciences (ref: 506-2003) and the NHS Health
Research Authority (ref: 20/HRA/1858). Written informed con-
sent was obtained from all subjects/patients.

2.2. Procedure and measures

Participants completed an online survey during each study
wave implemented through the JISC online survey platform.
In Wave 1, the survey included questions relating to demo-
graphics, experience of COVID-19 related symptoms (i.e. per-
sistent cough, fever, loss of taste, or loss of smell), belief of
having had COVID-19 (“Do you believe you have had
COVID-19 over the past 12weeks?”) and COVID-19 tests, and
social distancing behaviors. In addition, participants com-
pleted a variety of validated psychosocial measures including
depression (Patient Health Questionnaire [PHQ-9]; (Kroenke
et al., 2001); anxiety (General Anxiety Disorder-7 [GAD-7];
(Spitzer et al.,, 2006); stress (Perceived Stress Scale-4 [PSS-4]:
(Cohen, 1988)), positive mood (Scale of Positive and Negative
Experience [SPANE]; (Jovanovi¢ et al., 2020). Single items were
used to measure perceived loneliness, perceived risk of
COVID-19 complications, and whether respondents consid-
ered they were supporting other people (not including mem-
bers of immediate family). In waves 2 and 3, participants
completed the same measures, with the addition of the
Chalder Fatigue Scale (Chalder et al., 1993) and a number of
contextual questions relating to frequency and duration of
fatigue and any related limitations on activities of daily living.
The Chalder Fatigue Scale can be scored both in a Likert fash-
ion (total range 0-33) or bimodally (range 0-11) with greater
scores indicating greater fatigue. A score of > 4 is considered
a fatigue “case” using the bimodal method.

2.3. HairE measurement

The detailed procedure for hair sample collection and analysis
is described elsewhere (Jia et al., 2023). In brief, hair samples
were prepared for the cortisone assay following standard



methods outlined by Gao et al. (2013). A minimum of 7-5mg
of hair was obtained from each hair sample (= 3cm) and
samples shorter than 3cm were not analyzed. Hair samples
were analyzed to indicate HairE in the prior 3months
(Staufenbiel et al., 2015). Cortisone and cortisol present simi-
lar structure and are highly correlated (Stalder et al., 2012;
Staufenbiel et al., 2015), whilst cortisone is less susceptible to
contamination from products containing cortisol (Feeney
et al.,, 2020; Raul et al., 2004; Wang et al.,, 2019).

2.4. Statistical analysis

Statistical analyses were performed using STATA (version 17).
We first summarized fatigue across the cohort and compared
mean fatigue levels to previously reported pre-pandemic lev-
els in community settings (Cella & Chalder, 2010) using an
independent samples t-test. Univariable linear regression
analyses were used to examine the relationship between
fatigue, HairE and COVID-related factors (belief of having had
COVID-19 or having had a positive test for COVID-19; experi-
ence of COVID-19 related symptoms) prospectively (wave 1
responses predicting fatigue at waves 2 and 3). Hierarchical
multivariable linear regression analyses were then conducted
to examine whether any relationships between fatigue and
COVID-related factors were independent of both demographic
and psychosocial factors. To do this, demographic factors
(age, gender, ethnicity, keyworker, clinical risk group I[i.e.
pregnant, elderly, diagnosed with a long-term health condi-
tion], living alone) were added to the COVID-related factors in
step 1, followed by psychosocial factors (depression, general-
ized anxiety, stress, loneliness, positive mood) in step 2.
Adjusted r-squared and pseudo r-squared statistics were
examined to explore the explanatory value of the models.

Logistic regression analyses were performed to assess
whether HairE, demographic, COVID-related and psychosocial
factors at wave 1 predicted becoming or remaining a fatigue
case at wave 3. Predictors of becoming a fatigue case at
wave 3 were explored by only analyzing participants who
were not a fatigue case at wave 2, whilst predictors of remain-
ing a fatigue case was assessed by analyzing those who were
a fatigue case at wave 2.

Assumptions of linear regression (normality and homosce-
dasticity of residuals, linearity with continuous variables) and
presence of outliers were assessed graphically. Multicollinearity
was assessed using variance inflation factors. Square root
transformations were used for depression and anxiety scores
to satisfy assumptions in regression analyses. Histograms
showed that the distributions of mean hairE at wave 1 and
wave 2 were not normally distributed, and thus log trans-
formed scores for hairE were used the analysis.

3. Results

In total, 3097 eligible individuals participated in wave 1 of the
study, with 1385 (44.7%) and 1087 (35.1%) completing the
wave 2 and 3 surveys, respectively. 31% of our original cohort
(h=980) provided two hair samples. Of these, 89 (9%) partic-
ipants were excluded for a variety of reasons, including
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insufficient or missing sample and unclear sample roots. The
remaining 891 pairs of hair samples were assayed. Of these,
64 participants were excluded for different reasons, such as
sample <3 cm and HairE being undetectable. Our final cohort
consisted of 827 participants, 749 participants (90.6%) of
whom were women, who provided two hair samples that
were analyzed. The cohort flowchart is presented in Figure 1.

Table 1 shows the demographics of those participants who
completed waves 2 (86.1% women) and 3 (85.4% women) of
the study, as well as those who provided 2 hair samples for
cortisone analysis.

There were significant differences between individuals who
completed both wave 1 and wave 2 surveys compared to
those who only completed the wave 1 survey. These included
greater dropout among younger respondents, people with
BAME (i.e. Black, Asian and minority ethnic) background, key-
workers, men, and those with poorer mental health in wave
1. Full details of cohort differences can be seen in the
supplementary appendix (Table S4).

3.1. Prevalence of fatigue (n=1385)

The mean total fatigue score as measured during wave 2 was
14.7 (SD = 4.7) and during wave 3 was 15.2 (SD = 5.0). An
independent samples t-test indicated that fatigue scores at
wave 2 [t(2998) = 2.94, p = .003, mean difference 0.50, 95%
Cl: 0.17, 0.84] and wave 3 [t(2700) = 5.35, p < .001, mean
difference 1.00, 95% Cl: 0.63, 1.37] were significantly higher
than pre-pandemic levels observed in community settings (M
= 14.2, SD = 4.6) (Cella & Chalder, 2010) (See Figure 2). For
the physical fatigue subscale, the mean was 9.5 (SD = 3.4)
and for the mental fatigue subscale the mean was 5.2 (SD =
1.8). Scored bimodally, the sample had a mean fatigue score
of 3.5 (SD = 3.4) (wave 2) and 3.7 (SD = 3.5) (wave 3), with
614 (44.3%) and 511 (47%) participants meeting the case
definition for fatigue (score > 4) at waves 2 and 3 respec-
tively. Only 428 of the 614 participants meeting the criteria
for fatigue at wave 2 reported the duration of fatigue. Most
of those (77.5%) (i.e. who met the criteria and indicated its
duration), developed fatigue during the pandemic. At wave 2,
668 (48.2%) participants reported that fatigue had substan-
tially limited one or more activities of daily living (including
work, leisure, housework, self-care, study, exercise or family
life) and 378 (27.3%) reported feeling fatigued more than
50% of the time. 556 (40.1%) participants indicated the
fatigue they experienced did not get substantially better fol-
lowing rest. At wave 3, 969 (89.1%) participants reported that
fatigue limited their daily activities, 373 (34.3%) reported feel-
ing fatigued more than 50% of the time and 311 (28.6%) par-
ticipants stated that fatigue did not substantially improve
following rest.

3.2. Relationship between fatigue and belief of having
COVID-19 or having a positive test for COVID-19

At wave 1, where testing was not yet widely available, only 9
(0.3%) respondents had received a positive test result for
COVID-19 and 568 (18.3%) of respondents experienced at least
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Figure 1. Cohort flowchart.

1 of the main COVID symptoms in the past 12weeks (i.e. per-
sistent cough, fever, loss of taste, or loss of smell). At wave 2,
18 respondents (1.3%) had received a positive test in the past
12weeks and 108 (7.8%) of respondents experienced at least
1 of the classic COVID-19 symptoms in the past 12weeks. At
wave 3, only 24 (2.2%) responders reported experiencing at
least 1 of the main COVID-19 symptoms in the past 12weeks.
In prospective univariate analyses, participants who at
wave 1 believed they had had COVID-19 reported higher lev-
els of fatigue during wave 2 (B=2.17, 95% Cl: 1.51, 2.83, p <
.001) and wave 3 (B=2.43, 95% ClI: 1.64, 3.22, p < .001) and
were more likely to be a fatigue case than respondents who
did not believe they had had COVID-19 at wave 2 (OR = 2.17,
95% Cl: 1.63, 2.91, p < .001) and wave 3 (OR = 2.16, 95% Cl:
1.56, 3.00, p < .001). However, belief of having COVID-19
alone only explained a relatively small proportion of variance
in total fatigue scores (adj r> = 0.03) and fatigue caseness
(pseudo r? = 0.01) at waves 2 and 3. Interestingly, testing pos-
itive for COVID-19 at wave 1 was not associated with fatigue
scores (p = .58) or fatigue caseness at wave 2 (p = .25), pos-
sibly because only 9 people had received a positive test at
wave 1. The association between testing positive for COVID-19
at wave 1 and fatigue scores (B=5.77, 95% Cl: .08, 11.47, p =
.047) and fatigue caseness at wave 3 (OR = .88, 95% Cl: .78,
.99, p = .045) was on the border of statistical significance.
This pattern of results was also true in wave 2 cross-sectional
analyses, for those who reported that they believed they had
COVID-19 between waves 1 and 2 (n=58) (total fatigue:

B=2.20, 95% CI: 0.97, 3.43, p < .001; caseness: OR = 1.82, 95%
Cl: 1.07, 3.11, p = .027).

Relatedly, those who experienced one or more of the “clas-
sic” COVID-related symptoms (persistent cough, fever, loss of
taste or loss of smell) in the 12weeks prior to wave 1,
reported higher levels of fatigue at wave 2 (B=2.01, 95% Cl:
1.33, 2.68, p < .001) and wave 3 (B=2.46, 95% Cl: 1.65, 2.68,
p < .001), and were more likely to be a fatigue case during
wave 2 (OR = 2.06, 95% CI: 1.53, 2.77, p < .001) and 3 (OR =
2.05, 95% Cl: 1.47, 2.87, p < .001) than those who did not
experience these symptoms.

Cross-sectional models looking at only wave 2 and wave 3
data are presented in the supplementary file (Tables S1-S3).

3.3. Predictors of fatigue at waves 2 and 3

Multivariable linear regression models were used to examine
whether the observed relationships between COVID-related
factors and fatigue remained independently significant when
accounting for demographic and psychosocial factors (see
Table 2). Considering total fatigue score, in prospective anal-
yses (W1 to W2 and W3), in the final model, being in a clini-
cal risk group, depression scores, and belief in having had
COVID-19 were independently significant predictors of greater
fatigue at waves 2 and 3. Being a keyworker was a significant
predictor of fatigue at wave 2 only. The largest proportion of
variance was explained by the model that included depres-
sion, accounting for 21.6% of the variability in fatigue scores
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Table 1. Cohort demographics at waves 2 and 3.
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Wave 2 (Original cohort)

n (%)

Wave 3 (Original cohort)

n (%)

Wave 2 (HairE)

n (%)

N
Gender
Male
Female
Prefer not to say
Mean age (SD)
Age groups (years)
18-24
25-34
35-44
45-54
55-64
65-74
75+
Ethnicity
White — British, Irish, other
Asian/Asian British — Indian, Pakistani, Bangladeshi, other
Black/Black British — Caribbean, African, other
Chinese/Chinese British
Mixed race — White and Black/Black British

Middle Eastern/Middle Eastern British — Arab, Turkish, other

Mixed race - other
Other ethnic group
Prefer not to say
Relationship status
In a relationship/married and cohabiting
Single, never married
Single, divorced or widowed
In a relationship/married but living apart
Prefer not to say
Education (highest level of attainment)
Undergraduate degree or professional qualification
Postgraduate degree
A-levels or equivalent (at school until aged 18)
Completed GSCE/CSE/O-levels or equivalent
Completed post-16 vocational course
No qualifications
Prefer not to say
Place of residence
East Midlands
South East England
North West
Yorkshire and Humber
Greater London
West Midlands
East of England
Scotland
North East
Wales
Northern Ireland
Keyworker status
Health, social care or relevant related support worker
Teacher or childcare worker still traveling in to work
Transport worker still traveling in to work
Food chain worker (e.g. production, sale, delivery)

Key public services worker (e.g. justice staff, religious staff,

public service journalist or mortuary worker)

Local or national government worker delivering essential public

services
Utility worker (e.g. energy, sewerage, postal service)
Public safety or national security worker
Worker involved in medicines or protective equipment
production or distribution
Other “key worker” role not listed

Living alone

Covid-19 risk status
Most at risk (e.g. suffering from advanced cancer, severe
asthma/COPD, etc.)
At increased risk (e.g. being pregnant, aged over 70, etc.)
Not at increased risk

Supporting Others (outside of immediate family)

1385 (100%)
191 (13.8%)

86.1%)

0.1%)

8 (7.1%)
205 (14.8%)
256 (18.5%)
310 (22.4%)
310 (22.4%)
175 (12.6%)

1 (2.2%)

12

937 (67.7%)
213 (15.4%)
116 (8.4%)
109 (7.9%)
0 (0.7%)

612 (44.2%)
476 (34.4%)
141 (10.2%)
1 (6.6%)
5 (3.3%)
3 (0.9%)
7 (0.5%)

367 (26.5%)
172 (12.4%)
163 (11.8%)
141 (10.2%)
136 (9.8%)
2 (5.2%)
3 (4.6%)
9 (4.3%)
8 (4.2%)
4 (1.7%)
5 (0.4%)
34.2%)
2.5%)

61 (4.4%)
197 (14.2%)

36 (2.6%)
264 (19.1%)

1085 (78.3%)
802 (57.9%)

1087 (100%)

72 (6.6%)
138 (12.7%)
181 (16.7%)
245 (22.5%)
(25%)
(13.6%)
(2.9%)

735 (67.6%)
(14.8%)
112 (10.3%)
(
(

466 (42.9%)
384 (35.3%)
105 (9.6%)
8 (7.2%)
9 (3.6%)
0 (0.9%)
5 (0.5%)
284 (26.1%)
150 (13.8%)
106 (9.8%)
118 (10.8%)
102 (9.4%)
7 (5.2%
4 (5.9%
0 (4.6%
1 (3.8%
6 (1.5%
2 (0

)
)
)
)
)
.2%)

44 (4%)
167 (15.4%)

34 (3.1%)
223 (20.5%)

830 (76.4%)
610 (56.1%)

827 (100%)

0 (7.3%)
102 (12.3%)
138 (16.7%)
168 (20.3%)
213 (25.8%)
119 (14.4%)

6 (3.1%)

67.5%)
15.5%)

45.6%)
33.4%)

oGO SBE
2
S

10.8%)
10.2%)

38 (4.6%)
131 (15.8%)

18 (2.2%)
170 (20.6%)

638 (78.3%)
464 (56.1%)
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Figure 2. Comparisons of fatigue scores in this study with normative data.

Table 2. Multivariate linear regression model between sociodemographic and psychological variables at wave 1

and fatigue at waves 2 and 3.

M
Fatigue scores

Fatigue scores

)] m

Fatigue scores
wave 3

@

Fatigue scores
wave 3

b (se)

wave 2

b (se) b (se)

wave 2
b (se)
Belief in having had COVID-19 1.933*** (0.33)
(yes/no)
Age —0.040%** (0.01

1.141** (0.35

)

Gender (0=male, 1=female) )
0.754** (0.25)
)

)

Keyworker (yes/no)

BAME background (yes/no)
Risk group (0=no, 1=yes)
Living alone (0=no, 1=yes)
Depression symptoms
Anxiety symptoms

—0.726 (0.50
1.423*** (0.30

Stress

Loneliness

Positive mood

_cons 14.778*** (0.55)
N 1383

adj. R? 0.065

1.371%** (0.30)

2.042*** (0.39) 1.560*** (0.36)

0.007 (0.01)  —0.067*** (0.01) -0.015 (0.01)
0.513 (0.33) 0.974%(0.41) 0.372 (0.38)
0.506* (0.23) 0.507 (0.30) 0.208 (0.27)
—0.766 (0.46) -0.142 (0.62) —0.364 (0.57)
1.081*** (0.28) 1.327%** (0.35) 0.839* (0.33)
0.428 (0.34) 0.488 (0.41)
1.378*** (0.16) 1.483*** (0.19)
0.242 (0.15) 0.109 (0.18)
0.007 (0.05) 0.102 (0.06)
0.047 (0.05) 0.113 (0.06)
—0.032 (0.03) 0.019 (0.04)
9.799%** (1.30)  16.899 *** (0.67) 9.857 *** (1.52)
1383 1086 1086
0.216 0.077 0.238

'p<0.05, **p<0.01, **p<0.001.

at wave 2 and 23.8% at wave 3. This is compared to 6% (W2)
and 7% (W3) in the model including demographics and belief
in having had COVID-19 alone. The same pattern was
observed predicting fatigue caseness prospectively, at wave 2
and 3 (see Table 3). Gender was a significant independent
predictor only at wave 2—with women more likely to
be a case.

Predictors of mental and physical fatigue subscales were
also explored at waves 2 and 3, using the same variables.
Belief of having had COVID-19 (B = .62, 95% Cl: .38, .86, p <
.001), age (B = .01, 95% Cl: .00, .01, p = .043), depression (B =
49, 95% Cl: .36, .62, p < .001), and generalized anxiety (B =
.13, 95% ClI: .01, .25, p = .032) at wave 1 predicted mental
fatigue scores at wave 2. Significant wave 1 predictors of
physical fatigue at wave 2, included belief of having had
COVID-19 (B = .74, 95% Cl: .29, 1.19, p = .001), being a key-
worker (B = .44, 95% CI: .10, .78, p = .011), being in a clinical
risk group (B = .94, 95% Cl: .53, 1.36, p < .001) and depression
(B = .88, 95% Cl: .64, 1.12, p < .001).

Predictors of mental fatigue at wave 3 included belief in
having had COVID-19 (B = .68, 95% CI: .39, .97, p < .001),
depression (B = .47, 95% Cl: .32, .63, p < .001), and stress
(B = .06, 95% Cl: .01, .11, p = .028) at wave 1. Predictors of
physical fatigue at wave 3 were belief in having had
COVID-19 (B = .87, 95% CI: .36, 1.38, p = .001), being in a
clinical risk group (B = .57, 95% Cl: .11, 1.04, p = .015), and
depression (B=1.00, 95% Cl: .72, 1.27, p < .001) at wave 1.
Loneliness was a non-significant predictor (B = .09, 95% Cl:
.00, .18, p = .047).

Depression at wave 1 was the only predictor of remaining
a fatigue case at wave 3 (OR = 1.63, 95% Cl: 1.13, 235, p =
.008). Depression (OR = 1.42, 95% Cl: 1.01, 1.99, p = .042) and
age (OR = 0.98, 95% Cl: 0.96, 0.99, p = .045) at wave 1 were
the only significant predictors of becoming a fatigue case
at wave 3.

The different physical, environmental, demographic and
psychological factors associated with fatigue are presented in
Figure 3.
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Table 3. Multivariate linear regression model between sociodemographic and psychological variables at wave 1

fatigue cases at waves 2 and 3.

m

Fatigue case?
wave 2

odds ratio (se)

odds ratio (se)

@

Fatigue case?
wave 2

m

Fatigue case®
wave 3

@

Fatigue case?
wave 3

odds ratio (se) odds ratio (se)

Belief in having had COVID-19
(yes/no)

Age

Gender (0=male, 1=female)

Keyworker (yes/no)

BAME background (yes/no)

Risk group (0=no, 1=yes)

Living alone (0=no, 1=yes)

Depression symptoms

Anxiety symptoms

2.023*** (0.30)

0.982*** (0.00)
1.823*%%(0.31)
1.341* (0.15)
0.738 (0.17)
1.792*** (0.25)

Stress

Loneliness

Positive mood

N 1383
Pseudo R? 0.043

1.739*** (0.28) 1.931%** (0.33) 1.719** (0.31)

1.001 (0.00) 0.974*** (0.00) 0.993 (0.00)
1.486* (0.27) 1.391 (0.25) 1.152 (0.22)
1.240 (0.15) 1.204 (0.15) 1.065 (0.14)
0.709 (0.17) 0.861 (0.22) 0.797 (0.23)
1.673** (0.25) 1.633** (0.25) 1.434* (0.24)
0.756 (0.14) 1.518 (0.31)
1.798*** (0.16) 1.840%** (0.19)
1.146 (0.09) 1.132 (0.10)
0.985 (0.02) 1.013 (0.03)
1.021 (0.02) 1.062 (0.03)
0.973 (0.01) 1.010 (0.21)
1383 1086 1086
0.140 0.044 0.146

2A “case” is defined as a Chalder Fatigue Scale score of > 4.

"p<0.05, **p<0.01, ***p<0.001.

Figure 3. The different physical, environmental, demographic and psychological factors that predicted fatigue.

3.4. Association between cortisone levels and fatigue
scores

The mean HairE levels at wave 1 were 2.0 (SD = .75) and at
wave 2 were 2.3 (SD = .75). HairE at wave 1 was not associated
with fatigue scores or with being a fatigue case at wave 2 (p
=.79 and p = .72, respectively) or wave 3 (p = .76 and p = .20,
respectively). Similarly, HairE at wave 2 or change in HairE
between wave 1 and wave 2 was not associated with fatigue
scores (p = .73 and p = .93, respectively) or with being a
fatigue case at T3 (p = .68 and p = .33, respectively). The asso-
ciation between HairE at wave 1 and fatigue duration at wave
2 or 3 was also not significant (p = .97 and p = .95, respectively).

Similarly, the association between fatigue and HairE did
not reach statistical significance when analyzing only those in
a high clinical risk group (i.e. diagnosed with cancer, severe
asthma/COPD etc) (n=16) (p = .29), or those who were a
fatigue case and reported disabling fatigue lasting 6 months
and more (n=33) (p = .16).

HairE at wave 1 was significantly associated with fatigue
not improving with rest at wave 2 (July-Sep) (OR = .79, p =
.018). The association remained significant after controlling
for baseline depression and age, however it became insignif-
icant after gender was entered in the model (p = .058). This
association was also explored in women only, but did not
reach statistical significance after controlling for depression.
HairE at wave 2 was not associated with fatigue not getting
better at T3 (p > .05).

4. Discussion

The present prospective study aimed to explore the prevalence
and predictors of fatigue during the COVID-19 pandemic in a
large UK cohort (n=3097). Findings indicate a high prevalence
of fatigue during the COVID-19 pandemic, with 44.3% of the
participants meeting the criteria for fatigue caseness. Fatigue
significantly impaired people’s ability to perform their usual
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Table 4. Multivariate logistic regression model between variables at wave 1 and fatigue caseness at wave 3.

m

Becoming fatigue case® Becoming fatigue case?

odds ratio (se)

odds ratio (se)

2 m @

Remaining fatigue
case?

Remaining fatigue
case?

odds ratio (se) odds ratio (se)

Belief in having had COVID-19 1.183 (0.37) 1.018 (0.34) 1.723 (0.51) 1.608 (0.49)
(yes/no)

Age 0.965*** (0.01) 0.982* (0.01) 0.990 (0.01) 0.999 (0.00)
Gender (0=male, 1=female) 1.379 (0.42) 1.121 (0.39) 1.037 (0.38) 0.964 (0.36)
Keyworker (yes/no) 1.07 (0.23) 0.974 (0.22) 1.021 (0.24) 1.032 (0.25)
BAME background (yes/no) 0.690 (0.30) 0.594 (0.28) 1.289 (0.75) 1.251 (0.77)
Risk group (0=no, 1=yes) 1.574 (0.45) 1.512 (0.45) 1.204 (0.32) 1.161 (0.32)
Living alone (0=no, 1=yes) 2.002 (0.71) 1.209 (0.46)
Depression symptoms 1.420% (0.24) 1.636** (0.30)
Anxiety symptoms 1.144 (0.16) 1.015 (0.18)
Stress 0.974 (0.05) 1.037 (0.06)
Loneliness 1.106 (0.05) 1.018 (0.06)
Positive mood 0.982 (0.03) 1.036 (0.03)
N 505 505 373 373
Pseudo R? 0.045 0.10 0.01 0.05

2A “case” is defined as a Chalder Fatigue Scale score of > 4.
'p<0.05, **p<0.01, ***p<0.001.

activities, such as work, exercise, housework, self-care, leisure
and relationships. Predictors of fatigue at waves 2 and 3
included being in a clinical risk group (i.e. pregnant, elderly,
diagnosed with a long-term health condition), depression
scores and belief of having COVID-19. Being a keyworker (e.g.
health, social care support worker, key public services worker;
see Table 1) also predicted greater levels of fatigue, but only at
wave 2. Depression was the only significant predictor of
remaining a fatigue case at wave 3. Contrary to our hypothesis,
HairE was not associated with fatigue levels.

Our findings are consistent with cross-sectional studies
conducted during 2020-2021 in India, Hong Kong, and Turkey
that assessed the prevalence of fatigue. Although these stud-
ies used a different measure to assess fatigue (Fatigue
Assessment Scale; [Michielsen et al., 2003]), they reported a
prevalence rate of fatigue between 25.7% and 64.1% (John
et al.,, 2022; Morgul et al,, 2021; Yan et al., 2022).

The mean total fatigue score at waves 2 and 3 in our sam-
ple was significantly higher than pre-pandemic levels
observed in the community (Cella & Chalder, 2010). Most par-
ticipants who met the case criteria for fatigue and reported
fatigue duration (77.5%) stated that fatigue lasted for less
than 6months, and therefore developed during the pan-
demic. These findings suggest that, to some extent, fatigue
may be attributed to the context at the time, including
COVID-19 lockdowns, COVID-19 infections and the impact of
both on people’s lives. Cross-sectional studies indicate that
greater disruption and restrictions in daily life due to the pan-
demic (e.g. avoidance of crowded places, isolation) were asso-
ciated with increased fatigue (Morgul et al., 2021; Yan et al.,
2022). In line with this, at waves 2 and 3, 28.6% and 40% of
the participants respectively, mentioned that their fatigue did
not improve following rest. This could be attributed to factors
such as social isolation or lack of exercise as well as possible
post COVID-infection sequelae, as fatigue following COVID-19
infection is a common symptom, which can persist for at
least 12months (Jahrami et al., 2022). The COVID-19 pan-
demic and lockdowns can be characterized as chronic stress-
ors, which had a considerable impact on health and people’s

financial situations (Gasteiger et al., 2021; Jia et al,, 2022; Lee
et al.,, 2021; Xiong et al., 2020). Stressors have previously been
shown to dysregulate a range of physiological mechanisms
(Yaribeygi et al., 2017), which could also subsequently influ-
ence fatigue. It is also possible that fatigue could be due to
physiological changes following COVID-19 infection
(Poole-Wright et al., 2023; Versace et al.,, 2021). Finally, there
was a reduction in physical activity during lockdowns, espe-
cially among younger people (De La Vega et al, 2022;
McCarthy et al, 2021), which may explain the high levels of
fatigue. Nevertheless, this study only included a small num-
ber of people who had tested for COVID-19, and the associa-
tion between testing positive and fatigue was on the border
of statistical significance (p = .045).

Prospective analysis showed that depression was a signifi-
cant predictor of fatigue scores and fatigue caseness
7-8months later (wave 3; between November and December
2020). The association between fatigue and depression is
confirmed by community-based studies (Galland-Decker et al.,
2019; Pawlikowska et al., 1994). Cross-sectional studies con-
ducted during the COVID-19 pandemic also indicate that
depression was associated with fatigue in healthcare staff
(Lee & Choi, 2022; Teng et al., 2020) and pandemic fatigue in
the general population (Leung et al., 2022; Xin et al,, 2022).
Although women in our study were more likely to be a
fatigue case at wave 2, this association was lost after depres-
sion was entered in the regression model. It is likely therefore
that this association may be attributed to the higher preva-
lence of depression in women (Lim et al, 2018). The largest
proportion of participants were women (90.6%), which also
limited comparisons between genders.

Anxiety, stress and loneliness were not significant predic-
tors of general fatigue, which contradicts findings from other
studies (Doerr et al, 2015; Jaremka et al.,, 2014). However, in
the present study, stress and generalized anxiety predicted
mental fatigue specifically at waves 3 and 2, respectively. It
may be possible that stress and anxiety are mainly associated
with mental fatigue, which can in turn influence physical
fatigue. It is also possible that chronic stressors (e.g. the



COVID-19 pandemic) influence fatigue indirectly, through
their association with factors such as depression.

HairE was not a predictor of fatigue, which is not in line
with previous research reporting significant associations
between stress hormones and fatigue. Previously, cross-sectional
studies found that low salivary cortisol and a flat slop in diur-
nal cortisol were associated with fatigue in community dwell-
ing adults (Kumari et al, 2009) and hair cortisone levels were
associated with fatigue levels in people with HIV (Zhang et al.,
2021). A systematic review also reported an attenuation of cor-
tisol diurnal awakening response (CAR) in people with chronic
fatigue syndrome (CFS) (Powell et al., 2013). Nevertheless, asso-
ciations found in clinical populations (i.e. HIV, CFS) may not be
generalizable to our sample. It is possible that CAR is associ-
ated with fatigue, whereas the total cortisone output is not, as
it cannot capture the change in cortisol levels from waking to
peak levels, which can be indicative of hypothalamic-pituitary-ad-
renal (HPA) axis dysfunction. The present study only measured
hair cortisone, which is a metabolite of cortisol, and is consid-
ered an acceptable marker of free cortisol (Raul et al., 2004;
Staufenbiel et al., 2015), but cannot assess CAR. HairE findings
may also be dependent on the sensitivity of analyses con-
ducted in the lab.

Environmental and physical factors, such as being a key-
worker and a clinical risk group also predicted fatigue levels.
Being a keyworker was associated with greater fatigue scores
at wave 2, but not at wave 3. A significant proportion of the
keyworkers included in this study were health, social care or
support workers, who, especially during the early stages of
the pandemic, were under significant physical and emotional
strain (Sun et al., 2021). Nevertheless, longitudinal research
suggests that a proportion of mental health professionals
showed improvements in well-being during later stages of
the pandemic (Kogan et al., 2023). This, combined with the
greater drop out of those with poorer mental health in our
study may explain the significant association found at wave 2
but not wave 3 data. Other studies also report high levels of
fatigue among frontline staff during the first waves of the
COVID-19 pandemic (Haktanir et al., 2022; Labrague & Ballad,
2021; Sun et al., 2021).

Although long-term health conditions have been associated
with fatigue (Goértz et al, 2021; Torossian & Jacelon, 2021),
physical health comorbidities, or belief of having had COVID-19
in our sample only explained a small percentage of the vari-
ability in fatigue scores. The largest proportion of variance at
wave 3 was explained when depression was added to the mul-
tivariate model (23.8%). This highlights the importance of psy-
chological factors, especially depression in fatigue. The
remaining variability in fatigue scores could be explained by
other psychosocial or biological factors, such as sleep, resil-
ience, comorbidities and dysregulation of physiological mecha-
nisms. Fatigue is clearly a complex phenomenon which may be
better understood using a holistic biopsychosocial approach.

4.1. Strengths and limitations

This study presents a few limitations that need to be consid-
ered when interpreting the findings. There was a high attri-
tion rate, as surveys at wave 2 and 3 were completed only by

STRESS (&) 9

44.7% and 35.1% of the participants respectively; there was a
greater dropout among younger respondents, keyworkers,
men, and those with poorer mental health in wave 1.
Although there was a large number of participants who com-
pleted all surveys (n=1087), these differences could have
influenced the findings. Another limitation was that fatigue
was not measured during the first wave (April 2020) and
therefore we were not able to compare fatigue levels between
the first and second wave. Finally, data on sleep disturbance
or physical activity, which can influence fatigue were not col-
lected. The majority of participants in wave 3 were women
(85.4%), which may limit the generalizability of findings.
Individuals who provided two hair samples suitable for anal-
ysis were more likely to be female, older but also less stressed,
anxious and depressed than the rest of the cohort. The gen-
der differences may be explained by practical reasons involved
in the collection of the hair samples, as being able to provide
a hair sample at least 1cm long was an eligibility criterion.
This may have prevented men with shorter or no hair to take
part in the study. Finally, other HPA axis markers, such as CAR
were not assessed.

The large sample size and prospective design are the big-
gest strengths of the study. In addition, multiple psychosocial
and demographic factors were explored as predictors of
fatigue during the COVID-19 pandemic.

4.2, Clinical implications

Our findings highlight the importance of depression as a pre-
dictor of fatigue during the COVID-19 pandemic. Although
interventions that target depression could improve fatigue
outcomes, fatigue is a complex multi-factorial symptom which
warrants a targeted biopsychosocial approach. A systematic
review of randomized controlled trials suggested that moder-
ate exercise can improve fatigue and energy levels (Wender
et al., 2022).

5. Conclusion

This is the first prospective study to assess the prevalence
and predictors of fatigue in the UK general population during
the COVID-19 pandemic. Our findings indicate that fatigue
was highly prevalent during 2020 and impacted people’s
daily functioning. Predictors of fatigue at wave 3
(November-December 2020) included depression, being in a
high-risk group, and belief of having COVID-19 in wave 1
(April 2020). Depression was the only significant predictor of
remaining and becoming a fatigue case 7-8months later.
Nevertheless, HairE was not a predictor of fatigue. It is rea-
sonable to deduce that chronic stressors such as the COVID-19
pandemic, have a significant psychological impact which is
subsequently associated with increased fatigue levels.
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