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ABSTRACT

Objectives

Methods

Results

BMJ Open

Fatigue is a pervasive clinical symptom in coronaviruses and may
continue beyond the acute phase, lasting for several months or
years. This systematic review and meta-analysis aimed to
incorporate the current evidence for post-infection fatigue among

survivors of SARS-CoV-2 and investigate associated factors.

Embase, PsyINFO, Medline, CINAHL, CDSR, Open Grey, BioRxiv
and MedRxiv were systematically searched from January 2019 to
December 2021. Eligible records included all study designs in
English. Outcomes were fatigue or vitality in adults with a confirmed
diagnosis of SARS-CoV-2 measured at > 30 days post-infection.
Non-confirmed cases were excluded. CASP risk of bias was
assessed by 2 reviewers. Random-effects model was used for the
pooled proportion with 95% Cls. A mixed-effects meta-regression of
36 prospective articles calculated change in fatigue overtime.
Subgroup analyses explored specific group characteristics of study
methodology. Heterogeneity was assessed using Cochran’s Q and I?

statistic. Egger’s tests for publication bias.

Database searches returned 14262 records. Following deduplication
and screening, 178 records were identified. 147 (n=49032
participants) were included for the meta-analyses. Pooled prevalence
was 41% (95% Cl: 36-45%, k=147, 1°=98.6%). Fatigue significantly
reduced over time (-0.059, 95% CI: -0.011- -0.107, k=36, 1>=99.4%,
p=0.05). A higher proportion of fatigue was found in studies using a

valid scale (51%, 95% CI: 43- 58%, k=36,!=97.6%, p=.03) and

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"salbojouyoal Jejiwis pue ‘Bulures; | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o) Bulpnjoul ‘1ybliAdoo Aq paldalold

* jooyasaboysnwselq


http://bmjopen.bmj.com/

oNOYTULT D WN =

Conclusion

Prospero Registration No.

Strengths &Limitations

BMJ Open

cross-sectional methodology (45%, 95% CI: 39-52%, k=68,
12=98.2%, p=0.04). Egger’s test indicated publication bias for all
analyses. CASP assessments indicated 4% at low risk of bias, 78%
at moderate risk and 17% at high risk. Frequently reported
associations were female gender, age, physical functioning,

breathlessness and psychological distress.

This study revealed that a significant proportion of survivors
experienced fatigue following SARS-CoV-2 and their fatigue reduced
overtime. Non-modifiable factors and psychological morbidity may

contribute to ongoing fatigue and impede recovery.

CRD42020201247

e This review and meta-analysis was conducted using a
significant sample size from a comprehensive search of the
literature, including only confirmed cases;

e Substantial unexplained heterogeneity between studies limits
generalisability of our findings;

¢ Only one reviewer screened and extracted the data from
each study leaving the potential for missing articles and
selection errors;

¢ Outcome measures of fatigue were unvalidated in the
maijority of studies, limiting confidence in our estimates;

e Total point-prevalence was likely impacted by predominance

of hospitalised patients with potentially more severe disease.
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INTRODUCTION

Fatigue may be characterised as tiredness or exhaustion as a result of physical or mental exertion or
as a result of an iliness or disease.[1] The experience of fatigue is common and is usually short-lived
but, for a small number of people, it can become long-lasting, associated with a number of
impairments in daily living and quality of life.[1] It is one of the most common presenting symptoms of
coronaviruses.[2] The current pandemic has also revealed a considerable burden of lasting
symptoms with approximately 1 in 4 people experiencing fatigue by one estimate.[3] Systematic
reviews indicate a pooled-prevalence of post-COVID-19 fatigue to vary between 45% [4], 52% [5] and
64%.[6] In previous epidemics, fatigue was enduring. In a follow-up of 90 SARS survivors 30 months
post-illness, for instance, 1 study found significantly lower vitality scores compared to Hong Kong
population norms.[7] A small study of Middle East Respiratory Syndrome patients, revealed 32.7%
had clinically relevant chronic fatigue, according to their FSS scores, at 18 months follow-up.[8]
Likewise, for a considerable number of COVID-19 patients, tiredness symptoms extend beyond 3
months and represent a larger burden of post-infection symptomology.[9-30]. A large study of 1,142
hospitalised patients found that 61% had fatigue 7 months post-COVID-19.[31] Similarly, those who
perceived themselves as experiencing ‘poor recovery’ had lower vitality on the 15D instrument,

compared to those making a ‘full recovery’ (p<.001) 1 year post-illness.[32]

More severe disease, associated with being hospitalised or ICU admission, has been related to post-
illness fatigue.[33—40]. In a small cohort of 55 people, 30 days post-discharge for COVID-19, each
additional day of hospitalisation increased fatigue by 1.2.[41] Apart from hospitalised patients, among
non-hospitalised or those treated for milder disease, fatigue is persistent.[42—-49] In 359 patients
63.4% reported significant fatigue up to 12 months post-infection and were more likely than admitted

patients to require referral for fatigue symptomology.[50]
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Determinants of post-illness fatigue include female gender, [51-55] and older age, although the latter
relationship was not consistent. Being over 50 years was associated with fatigue severity in some
studies,[41,56,57] but not in others.[58-60] Exercise impairments are a common feature of post-
Covid sequelae.[61-66] Poorer performance on the six-minute walk test (6MWT) was associated with
fatigue and lower vitality at 6 months despite no concomitant impairments in pulmonary functions.[67]
Indeed, impairments in lung functions have not thus far fully explained worse fatigue in COVID-19
[67-70] Nevertheless, patients often report persistent dyspnoea, which was consistently related to
their fatigue, [71-74] suggestive of multi-dimensional functional consequences. For instance, quality
of life,[75] functional status[76] and an increased risk for post-infection healthcare needs [77] were all
related to fatigue. Anxiety, post-traumatic stress and depressive symptoms are prevalent in survivors
of respiratory viral infections.[74,78-82] A meta-analysis of 36 COVID-19 articles found high rates of
anxiety (29%) and depressive symptoms (23%) 4-12 weeks post-iliness.[83] The relationship between
mental health outcomes and fatigue is consistent among convalescing COVID-19 patients.
Depressive symptoms for example were associated with lower vitality [84] and fatigue.[68,85] In a
retrospective study of 55 patients, baseline anxiety was related to higher fatigue 30 days after
hospitalisation.[41] Moreover, these relationships can be present at 12 months follow-up. Mazza et al.
(2021) found depression (r=0.56, q =0.05) and PTSD (r=0.52, q =0.05) were related to fatigue severity
in 402 post-Covid patients. Neuropsychiatric symptoms comprising anxiety, mood swings, irritability
and depression and others, predicted chronic fatigue 9 months later for those with mild/moderate

disease (p=0.01).[86]

Summary and aims

For the majority of patients acute fatigue diminishes during the course of a virus, but current evidence
suggests some experience longer lasting symptoms, and these affect functional and psychological
recovery. Furthermore, fatigue is reported as the most prominent factor of post-infection
symptomology indicative of its importance in understanding recovery. Therefore, the objectives of this

systematic review were to a) investigate the prevalence of persistent fatigue among survivors of
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COVID-19; b) integrate the findings by conducting a meta-analysis and c) investigate current

evidence for factors associated with fatigue outcomes in this context.

METHODS

Search strategy

The protocol and PICO framework for this study (supplementary file 1) was developed utilising the
Preferred Reporting ltems for Systematic Review and Meta-Analysis (PRISMA).[87] Embase,
PsyINFO, Medline, CINAHL, Cochrane Database of Systematic Reviews, Open Grey, MedRxiv and
BioRxiv were systematically searched from January 2019 to 31 December 2021. Search terms:
severe acute respiratory syndrome or severe acute respiratory adj2 syndrome or coronavirus or
corona virus or corona adj1 virus or COVID-19 or COVID19 or SARS-CoV-2 or SARS-CoV or
SARSCOV2 or SARSCOV-2 or nCoV-2 or 2019-nCoV or nCoV19 or nCoV2 or covid19 or covid-19 or
covid and "chronic fatigue" or fatigue or tired or exhaust or quality adj2 life or QoL or health related
quality) adj2 life or HRQoL. We incorporated ‘health related quality of life’ into our search terms in
order to capture ‘vitality’, which we used as proxy for fatigue. Reference lists of the review studies
were manually searched for additional articles. Full search protocols for each database are available
in supplementary file 2. Duplicate references were removed electronically and imported into Rayyan

[88] for screening and inclusion decisions.

Inclusion and exclusion criteria

Included were original articles with primary data, published in English between 2019-2022. Adult
patients (>18 years) must have had a diagnosis of SARS-CoV-2 confirmed by RT-PCR, IgM/IgG
serology or clinical assessment (e.g. chest X-ray, CT scan). ‘Probable’ or self-reported cases were
excluded. All study designs were incorporated except qualitative and case reports. Main outcomes
were fatigue/vitality reported as ‘post-discharge’, ‘post-hospitalisation’, ‘post-acute’, ‘post-illness’ or
‘post-onset’. Outcomes were included if measured at a median/mean time of > 30 days post-infection

as defined. All associations with fatigue/vitality were included if reported/quantified (e.g. anxiety,
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dyspnoea). We excluded pandemic fatigue (defined as ‘worn out’ by pandemic warnings, government
safety instructions, media coverage or compliance requirements), healthcare worker fatigue in the
context of their work (e.g. burnout, compassion fatigue), comorbid physical disease or pregnant
populations. We excluded ‘muscle fatigue’, ‘leg fatigue’ and fatigue combined with ‘malaise’ or
‘muscle weakness’. Protocols, vaccination studies, newspaper articles, conference papers,

commentaries, opinions or editorials were also omitted.

Data extraction

Titles and abstracts were screened by 1 reviewer (KPW). Full texts were screened by KPW. A data
spreadsheet was created to record extracted data from the included studies. Spreadsheet variables
were citation, population, sample size, control group, location, virus type and diagnostic method,
follow-up period, study design, inclusion/exclusion criteria, objectives, outcome variable of interest
(e.g. fatigue, vitality), associated variables (e.g. PTSD, dyspnoea), scales/measures employed,
results, power calculation (Y/N). The senior researcher (TC) reviewed 10% of the final included
studies. Discrepancies were resolved via discussion and consensus. A PRISMA flow diagram is

available in Figure 1.

Figure 1. PRISMA 2020 flow diagram

Quality Assessments

Risk of bias was assessed by the Critical Appraisal Skills Programme (CASP) (2019). Each study
design had an appropriate checklist (e.g. cohort) comprising 12 items designed to systematically
assess a study. We adapted the cohort checklist for cross-sectional/retrospective designs by
excluding item 7 “Was the follow up of participants complete enough?” Item 9 was changed from “how
precise are the results?” to a Y/N/? response. Checklist items demanded a “yes”, “no” or “can’t tell”.
For the purposes of this study, an overall assessment was made by assigning a grade of 1, 2 or 3

representing ‘low’ risk, ‘moderate’ risk and ‘high’ risk of bias respectively. Two researchers (KPW, OS)
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independently graded 49%/51% each of the total articles and, for the purposes of interrater
estimation, both researchers graded the same 23% of the articles. Interrater agreement was

assessed by Cohen’s kappa, which indicated moderate agreement (k=0.516, p=.002).

Statistical analysis

We computed pooled mean prevalence for fatigue outcomes with 95% confidence intervals using a
random effects model as high heterogeneity was anticipated. A number of studies investigated fatigue
across multiple time points. Therefore, in order to maintain the independence of observations for the
pooled prevalence, we selected 1 time-point with accompanying prevalence from each study using 1
of 3 methods: (a) fatigue reported at the stated mean/median time of the follow-up assessment, e.g.
127 days post-iliness, (b) fatigue at the 3-month follow-up (being the mode for all 147 studies), or (c)
for studies investigating fatigue > 4 months, we selected the shortest timepoint. Studies with missing
data were excluded from analyses. Where studies investigated both ‘fatigue’ and CFS outcomes, we
incorporated the ‘fatigue’ data only. This was because a confirmed diagnosis of CFS could not be
established. To determine the trend for fatigue, 36 prospective studies, with available data for > 2
follow-up times, were included in a meta-regression using the mixed-effects framework for meta-
analyses developed by Sera et al. (2019). Meta-regression coefficients were estimated using a
Restricted Maximum Likelihood (REML) estimator. To determine the proportion of fatigued
participants by study design, and to increase the power, we categorised studies into 2; ‘cross-
sectional’ and ‘prospective’. The latter included longitudinal and retrospective designs. The cross-
sectional category comprised the remaining designs. Two categories were used to investigate
proportions for ‘ongoing symptomatic COVID-19’(1-3 months) and ‘post-Covid-19 syndrome’ (>3
months) following NICE guidelines (nice.org.uk). The robustness of the main pooled prevalence was
checked by controlling for the presence of outliers. Studies with 95% confidence intervals falling
outside the 95% confidence interval of the total pooled effect were defined as ‘outliers. Sensitivity
analysis was performed on the mean pooled prevalence by excluding high risk of bias studies. Meta-

analyses were conducted using R Studio, Version 1.3.1073 (2020) using packages meta, metafor,
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dmetar, metareg and mixmeta. SPSS Version 26 (IBM, 2019) was used for the Cohen’s kappa
statistic. Heterogeneity was assessed using Cochran Q statistic. We obtained the I? statistic with the
degree of heterogeneity categorised as ‘not important’ (0-40%), ‘moderate’ (30-60%), ‘substantial’
(50-90%) and ‘considerable’ (75-100%) (Higgins, 2003). We conducted Egger’s tests and produced
funnel plots to explore potential publication bias for all proportional analyses. For ‘vitality’ outcomes,

lack of comparable controls and missing data precluded a means difference analysis.

Patient and public involvement: No patient was involved in this study.

RESULTS

Search results

A total of 14,262 articles were identified using the database search protocols. Following the removal
of duplicates 13,210 articles remained for title and abstract screening. Of these a total of 3,222 were
selected for full text screening producing a final total of 178 studies and 22 systematic reviews. We
identified 147 as eligible for a quantitative analysis. A summary of the 147 included articles is
available as supplementary Table 1. The studies are tabulated according to categorical and
continuous fatigue outcome measures. Summary table of systematic reviews is available in

supplementary file 3.

Study characteristics

A total of 178 articles comprising 53,567 participants and 22 systematic reviews were included.[3—
6,80,83,89-104] 14(8%) were pre-prints, 30(17%) used a fatigue scale and 27(15%) used a validated
measure with a fatigue item(s). 13(7%) utilised the ‘vitality’ subscale of the SF-36 and 108(61%)
employed a questionnaire, interview or health records. The most common countries were Italy with 25
studies and USA with 22 studies. UK had 19 studies and China 15 studies. Spain had 12 and France
had 9 studies. Germany had 8 and Switzerland had 7 studies. The Netherlands and Turkey had 6

studies each and India had 5. Iran had 4 studies. Bangladesh, Denmark, Egypt and Pakistan had 3
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studies each. Brazil, Chile, Israel, Mexico, Norway and Sweden all had 2 studies. Austria, Australia,
Belgium, Canada, Colombia, Finland, Ireland, Hungary, Japan, Lithuania, Mexico, Nepal, Poland,
Russia, Saudi Arabia and Zambia each had 1 study. There were 78 prospective and 11 retrospective
cohort deigns. Six longitudinal studies, 27 cross-sectional, 8 case-controls, 3 case series, 42 cohort, 3
randomised-controlled trials and 22 systematic reviews. The most frequent follow-up times were 3
months (45 studies), 6 months (21 studies), 1 month (20 studies), 12 months (12 studies) and 2
months (12 studies). All other time-points had < 8 studies. CASP quality assessments resulted in
most studies receiving a moderate rating. Full ratings are available as supplementary file 4. In
summary, 30 were assigned a ‘high’ risk of bias, 140 received a ‘moderate’ risk assessment and only
8 were considered ‘low’ risk. Lower grades were assigned for selection bias, lack of adequate control
groups, small samples, study design and methodological bias (employment of unvalidated/unreliable

scales).

Meta-analyses

A total of 49,032 participants were included for the meta-analysis of proportions using a random-
effects model. A pooled prevalence from 147 studies was found to be 41% (95% CI: 36-45%, |2
=98.6%). A forest plot of this analysis is available in Figure 2. Fatigue was present between 1 month
to 1-year post-infection with a medium time of 3 months (IQR=2-6). An Egger’s test was conducted to
assess possible publication bias for our proportional analysis. The results indicated funnel plot

asymmetry (bias=3.19, p=0.002) (supplementary file 5).

Figure 2 Forest plot for proportion of fatigued

To explore potential origins of heterogeneity and to test the robustness of our pooled prevalence,
outliers were controlled for. A 1% difference was found once n=84 outlier studies were removed 42%

(95% Cl: 40-44%, 1°>= 67%), although heterogeneity was reduced to ‘substantial’. Given the range of
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post-infection assessment periods, the effect of time on fatigue was investigated by a linear mixed-
effects model meta-regression. The outcome variable was the proportion of individuals reporting
fatigue, with ‘Months’ (number of months since infection) and ‘Hospitalisation’ (whether someone was
hospitalised) as predictors. 36 studies with available fatigue data and multiple time points (> 2 follow-
ups) were included. We found an effect of time, with the proportion of fatigued participants decreasing
by 5.9% per month (95% ClI: 1-10%, p=0.05). There was no effect of Hospitalisation and no

interaction between Hospitalisation and time (Table 1).

Table 1 Results of linear mixed-effect meta-regression of time and hospitalisation

Parameter Estimate SE AlC p 95% C/

Lower  Upper

Months -0.0593 0.0238 501.335 .005 -0.1059 -
0.0128
Hospitalisation -0.0871  0.1088 - 423 -0.3003 0.1261

Months.: Hospitalised  0.0303  0.0663 505.062 .647 -0.0997 0.1603

A/C Akaike Information Criterion

We conducted 2 subgroup analyses to explore the origins of heterogeneity arising from study
methodology and investigate between group differences. A significant difference in fatigue was found
between n=67 cross-sectional studies (45%, Cl: 39-52%,!2=98.2%) and n=80 prospective studies
(37%, Cl: 31-43%, 1°=98.8%), p=0.04.

A higher proportion of fatigued participants was found in n=36 studies using a scale (51%, 95% ClI:
43-58%,12=97.6%) compared to n=111 studies using an unvalidated questionnaire (37%, 95% CI: 32-
43%, 12=98.7%), p=0.006. To assess fatigue occurring at (a) 1-3 months (‘ongoing symptomatic
COVID-19’) and (b) > 3 months (‘post-COVID-19 syndrome’), 2 random effects subgroup analyses
were conducted. Between 1-3 months the proportion of fatigued was 40% (95% CI: 35-46%, k=87,
12=98.6%). At > 3 months, the proportion was 39% (95% Cl: 33-46%, k=66, 1= 98.8%). Sensitivity

analysis was performed by excluding n=25 high risk of bias assessments (graded ‘3’). Results found
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the pooled prevalence to be 40% (95% Cl: 35-44%, 12=98.6%) indicating little impact on the main

results. Egger’s tests indicated publication bias for both time categories and sensitivity. Plots available

in supplementary files 6-11.

Factors associated with fatigue

Not all studies investigated or reported factors associated with fatigue. For some, the available data

for each risk factor were too few to conduct a quantified analysis. Studies also used diverse outcome

measures or non-validated scales. In addition, some risk factors were reported but not accompanied

by quantified data making comparisons between studies problematic. Consequently, reported

associations were arranged in tabular form illustrating the direction of the association with fatigue

(Table 2). A positive symbol (+) indicated a positive association, a negative symbol (-) indicated a

negative association and a zero (0) indicated no significant association between the investigated

variable and fatigue.[105] Associations with fatigue measured in prospective cohort designs were

demonstrated by superscript figures contained within parentheses, representing the time period the

relationships were examined. Where a risk factor was examined with another (e.g. ICU admission

with age), one set of results was included. Full details of the associations are available in

supplementary material (file 12).

Table 2. Variables associated with fatigue

Factor Cross-sectional Prospective Cohort
Bivariate | Mulfivariate Bivariate | Multivariate
PTSD T 1 ++
Anxiety symptoms T +0+ 0 +
Depression T kA 00 +(08+) +
Psychiatric morbidity T +
Physical comorbidities 000 + 0 trr+tt++
Psychological distress 0
Somatisation 0
Pulmonary functions +00 0

Pneumonia (CXR)

|+
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Disease Severity T

Age T

ICU Admission

Female gender

Ethnicity

Marital status

[=}

Rural/Urban habitat

(=}

Occupation type

(=}

BMl/obesity/weightT

(=]

I+

I+
o

o
o
I+

(=}
[=]
(=}

Returned to work

I+

|+

(=}

Employed

I+

Retired

Exercise capacity <

I+

I+

[«
=}

Intubated/IMV

I+

|+
|+
I+

Serum troponin-1 (TN1)

1+

Nucleic-acid test (> 14 days, 46-69

years old)

I+

I+

Reduction of serum NfL levels

[=}

Blood (e.g. lymphocytes109/L, I1gG)

(=)
I+
I+

|+

(=)
[=]

Sp02

(=}

Gut microbiota

I+

% Predicted VO2

(=}

Mean consecutive difference
(MCD) in extensor digitorum

communis (EDC)

I+

Alcohol consumption

[«

Smoking history

[«
o

(=}
(=

Response to follow-up <

Length of stay (LOS) >

I+

[=}

Hospital readmission

I+

Education T

(=)

Physical health 4

I+

Post functional status/daily

functioning 1

Frailty T

I+

Sleep (quality & quantity)

I+
I+

I+
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Steroid treatment

o
o

Days since onset T

IO!

|+

Cognitive problems T

1+
|+
[+

I+

Breathlessness/Dyspnoea T

I+

(=}

|+

|+
I+
1+
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Post Covid-19 functioningd

|+
I+

Non-modifiable factors

Older age was reported in 31 studies with mixed results. Six reported an association with, or an
increased likelihood of fatigue (OR=1.02) in participants >50.[34,41,54,56,57,106] Two reported
higher fatigue in > 60 year olds [107] and > 40-year olds.[72] Some, however, reported that younger
age related to fatigue [108-111] or no difference in fatigue severity between <65 and >65 year
olds.[112] The remaining 18 studies did not find a relationship to
fatigue.[33,58,59,68,69,73,74,84,86,112-120]. However, studies reporting non-significant results had
small to modest sample sizes and were therefore potentially underpowered. Gender was investigated
by 43 studies. Twenty-six reported a significant association with fatigue or found higher fatigue in
women.[31,34,41,51-54,57,84,86,107,112,115,117,119-131] Females (54.3%) reported more
severe/moderate fatigue than males (29.6%),[75,111] and had significantly lower vitality scores
(M=81.80) compared to men (M=83.25).[106] However, 16 utilised an unvalidated instrument
potentially affecting results. Those finding no association [33,59,68,72,73,113,114,118,119,132,133]

had small sample sizes and only 3 used a fatigue scale.

Physical factors

The key physical factors associated with fatigue were dyspnoea, pulmonary functions, exercise
capacity, comorbidities and ICU admission. Positive correlations between breathlessness and fatigue
were found in 7 studies.[68,71-74,111,134] At > 6 months post-infection 2 did not find a
relationship,[69,84] suggestive of improvements over time. Although Staudt et al. (2022) found that
‘respiratory symptoms’ on the SGRQ were related to fatigue in multivariate analyses at 10 months
post-infection (OR=1.06, p=0.05). However, only 2 used a dyspnoea scale or a fatigue scale. All had
small sample sizes, therefore potentially underpowered. Pulmonary functions were reported in 4

studies. FEV, related to higher vitality in 1 (r=.0.23, p<.05),[67] but non-significant in the
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others.[68,69,134] These studies assessed survivors > 3 months, suggesting results are indicative of
functional improvements overtime. Exercise capacity was generally poor in survivors[135] and 7
studies examined its relationship with fatigue, with mixed results. Better exercise performance was
associated with vitality (r = 0.526, p<.001)[67] but not with 4-meter gait speed test [74] or 6MWT.[68]
Two others found improved fatigue following a physical rehabilitation programme.[85,136] At 3
months post-infection, fatigue was cited as the reason for halting a cardiopulmonary performance test
or limiting exercise in 3 studies.[137-139] Myopathy was associated with fatigue in another small
study of 20 people [140] suggestive of poor conditioning contributing to limited capacity. Generally,
fatigue had an inverse relationship with exercise capacity in the early months. Where the relationship
remained beyond 3 months,[67] patients were overweight/obese, which possibly affected

performance. Also all studies had small sample sizes limiting generalisability.

Physical comorbidities such as hypertension, asthma and diabetes were related to fatigue in 8
studies.[51,57,108,110,117,128,130,141] Four found no relationship.[114,115,118,129]. A large study
of 4,755 participants found hypertension increased the likelihood (OR=1.27, p=0.05) of persistent
fatigue > 6 months.[130] Yomogida et al. (2021) reported that having at least 1 comorbidity increased
the risk for fatigue (aOR=4.39, p<.001). Moreover, worse physical health and its effects of daily living
were related to an increased likelihood of fatigue (OR = 10.48) in 3 studies,[142—-144] implying

general poorer functioning among survivors.

For those admitted to ICU, some experienced high fatigue (8 studies),[111,113,141] and lower
vitality,[145,146] or had an increased likelihood for fatigue (OR=4.63).[41,110,147] While 4 found no
association between ICU admission and worse fatigue or vitality.[31,134,148,149] Patients who
received mechanical ventilation had lower vitality (M=50, 95% CI: 44- 57) than a sex and age
matched group (M=68, 95% CI: 67-69).[150] Similarly, more intubated patients had fatigue (38.1%)
than non-intubated(29.9%).[151] One study found the proportion of fatigued was higher in the ward

group (74%) compared to ICU (33%).[125] Disease severity also had an inconsistent impact on
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fatigue, with most studies finding no association with severe acute
disease.[60,75,82,112,117,118,133,152-158] Five studies found a significant association with critical
illness.[33,34,159-161] Two studies found a relationship between severity of acute illness and
vitality,[35,36] although both had small samples and were single-centre designs. Interestingly,
moderately severe COVID-19 related to fatigue (OR=2.1) in 2 studies.[160,162] Even after a longer
hospital stay, the relationship with fatigue was inconsistent with 2 finding significance,[41,106] while 4
did not.[58,118,120,163] Taken together these results indicate an uncertain contribution of critical
illness to fatigue, although the non-significant results chiefly occurred > 6 months. However, the

classification of disease severity varied between studies and countries making comparisons difficult.

Psychological factors

A relationship with anxiety was found up to 6 months post-infection in 6 studies.[41,72,163,164] The
fatigued had higher anxiety (56.3%) compared to non-fatigued (24.6%, p<.001)[72,163] In contrast,
no significant interaction between anxiety and fatigue at 1 month related to later fatigue.[165] Similar
results were found for depression. Previous depression was associated with lower vitality (-12.05,
p=0.005) in 1 study.[84] and a higher proportion of fatigued had depressive symptoms in 2 other
studies (p =.004).[72,79] Other studies found consistently moderate positive correlations
(r=0.470).[120,166,167] or increased likelihood of fatigue (OR=0.24, p=0.05) in those with depressive
symptoms.[41] The relationship continued up until 12 months.[68,120] Four studies found that those
with PTSD symptoms reported higher fatigue [79,111] and PTSD was associated with fatigue at 6 and
12 months after infection.[120] Barizien et al. (2021) found higher scores on the PCL-5 (PTSD
Checklist for DSM-5) in those with fatigue (M=31, IQR=18) compared to those without fatigue (M=18,
IQR=19, p<.001). Generalisability of these results, however, are likely limited due to modest sample

sizes and single-centre designs. In addition only 3 studies used a valid fatigue scale.

DISCUSSION
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This review investigated the prevalence of persistent fatigue in survivors who had a confirmed
diagnosis of SARS-CoV-2, using a mean of > 30 days post-infection. We found a considerable
proportion of patients continued to experience fatigue up to 12 months after their initial illness, which
was associated with some non-modifiable factors including gender, age and modifiable factors such
as anxiety, depression and post-traumatic stress. Our findings support other research indicating that
fatigue is an important symptom in persistent post-acute sequelae.[4,92,168-171]. Rates of fatigue
may depend on when it was measured and, in this respect, we found overall rates of fatigue
decreased by 6% per month. Fatgue did not differ by hospitalisation status, indicating that the
contribution of severe disease was not related to fatigue recovery for most people. This is consistent
with previous reviews, which did not find support for the effects of critical illness on fatigue
outcomes.[97,172]. Respiratory impairments, a key clinical indicator, were associated with worse
vitality (r=0.290, p=0.026) post-recovery, [67] although at 10 months, FEV, was not associated[68]
implying that, as lung function improved, fatigue diminished. Indeed, rehabilitation aimed at improving
functioning by incorporating aerobic exercises, improved vitality scores.[85,146,173] Some survivors,
however, continued to experience dyspnoea, which was associated with their fatigue,[71-74] despite
normal pulmonary tests.[69,138] Similarly, reduced exercise capacity, as a result of critical illness, is
thought to contribute to reduced HRQoL and fatigue outcomes in recovered patients.[174] However,
our review did not find a consistent relationship between exercise performance and worse fatigue in
those who had more severe disease. It is possible that these limitations are related to diminished
muscle function [174] and deconditioning as rehabilitation programmes have led to improved vitality
[136,173] and lower fatigue.[85,136] In a 9-week telerehabilitation study of 115 participants,
incorporating 2/3 aerobic exercises per week to improve physical capacity, reported significantly
increased vitality scores from pre = 40.7(SD=21.7)to post = 58.5(SD=21.2), p=0.001.[146] While
deconditioning could explain fatigue, persistent fatigue may be related to other variables including

psychological factors.
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Depression and anxiety were found to be correlated with fatigue in our review [41,164,166]. Moreover,
these relationships were found some distance from the initial infection.[120,134] In a prospective
study of 402 participants using a fatigue scale, Mazza et al. (2021) found that both anxiety (r=0.48)
and PTSD (r=0.52) were moderately correlated with fatigue at 6 and 12 months, post-iliness. These
findings accord with critical iliness studies[175] and systematic reviews suggesting that symptoms of
depression, anxiety, PTSD and fatigue persist long after discharge.[172] For COVID-19, we cannot be
certain of the longevity of psychological factors or their relationship to fatigue because the body of
evidence is too small, but current literature indicates the relationship remains up to 6 months
later.[72,114,164]. This fits with previous coronavirus research indicating those with chronic fatigue
were more likely to have psychiatric morbidity 4 years following a SARS infection.[176] Similarly,
those with psychiatric iliness reported higher fatigue than those without (p<.05) in survivors of

SARS.[177]

Theoretical implications

Our results found that persistent fatigue was associated with physical functioning several months after
the initial infection. The origins of fatigue persistence are multidimensional, likely linked to physical
factors in the shorter term and psychological factors in the long term. Both possibly as a result of
stress and distress resulting from the pandemic or infection.[178,179] These factors, alongside other
mechanisms such as skeletal muscle deficits[180], could lead to poorer global functioning and lower
engagement in activities or exercise thus prolonging fatigue. We have illustrated diagrammatically our

findings post-coronavirus fatigue (Figure 3).

Figure 3 Diagram of post-COVID-19 fatigue findings

Practical implications
Our review suggests post-coronavirus fatigue is complex, affecting multiple domains of physical and

psychological well-being. While there were small improvements in fatigue over time, our review
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indicates that fatigue remains a significant problem for patients beyond their anticipated recovery
time.[181] Pulmonary and exercise programmes have shown promise.[85,146,173] Our results also
suggest that psychological interventions may benefit some survivors. Given fatigue is one of a
number of post-Covid symptoms,[182-185] an integrated management approach has been
suggested.[186] Care pathways should identify those most at risk for long-term symptoms such as

women and older people with comorbidities.

Future directions

Few studies have examined correlates between fatigue, physical and pulmonary functioning,
psychological and social functioning in hospitalised and outpatients. Some research concerns
symptom ‘clusters’ or ‘post-covid syndrome’[187-190] limiting understanding of fatigue processes.
Future studies should interrogate risk factors further to help inform the development of clinical
interventions to address persistent fatigue. Furthermore, fatigue is the principal symptom for post-
illness patients, but there is little research into what mechanisms may ameliorate distress resulting
from infection, and thus protect against long symptoms. Severity of the iliness, for instance, was not

conclusive in our study and nor was length of stay pointing to the importance of individual differences.

Limitations

The generalisability of our results should be applied with caution due to a number of limitations.
Firstly, the considerable and unexplained between-study heterogeneity. Measurement error was not
found to explain the inconsistency. However, diverse tools were used to measure fatigue in different
populations. Non-validated questionnaires were unlikely to capture fatigue dimensions accurately
given most had 1-2 fatigue-related items. Moreover, scoring and cut-offs were underreported,
contributing to variability. Some studies used particular populations, including older age or only those
admitted to ICU, meaning they were not representative. Furthermore, our sample comprised primarily
of hospitalised patients with potentially more severe disease. This was complicated by different

admission and discharge protocols across countries, with some admitting all confirmed patients
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regardless of disease severity, explaining why there was no difference between hospitalised and non-
hospitalised survivors. We also encountered missing data, which reduced the reliability of our results.
Moreover, Egger’s tests suggested all analyses were asymmetric representing a high likelihood of
publication bias. Small study effects were likely to affect precision. Larger studies, with more precise
confidence intervals are likely to be a more reliable indicator of fatigue proportions. Moreover, sample
bias probably occurred due to recruitment from single-centre post-covid clinics[191-193] for persistent
symptoms and therefore could be expected to have higher fatigue than controls or population norms.
Different admission and discharge protocols and lung function reference ranges vary between
countries.[194] Our results, therefore, should be viewed with this in mind. Methodologically, our study
had only one reviewer for screening and data extraction and we did not contact authors for missing
data meaning our study was at higher risk for excluding relevant data. Other limitations include the
inclusion of non-peer reviewed articles (n=10) and those limited to English. For the meta-analysis,
given the multiple assessment times, we incorporated one median follow-up time obtained from each
study, which may not denote actual fatigue prevalence. Despite these limitations, we incorporated as

substantial sample size likely to be a reasonable estimate of fatigue in this population.

CONCLUSION

This large review provides a broad illustration of fatigue outcomes and complements the growing
body of information for persistent symptoms in those recovering from COVID-19. We report that
fatigue decreases over time, but recovery pathways are potentially impeded by a number of risk
factors, independent of disease severity or hospitalisation. Our study indicates the need for long-term

clinical and psychological rehabilitation support for survivors of COVID-19.
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Figure 1. PRISMA 2020 flow diagram
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Bell et al. 202 57 121 —_— 0.47  [0.38; 0.56!
Bliddal et al. 2021 21 129 — 0.16 [0.10; 0.24]
Boari et al. 202 47 91 —_——— 0.52 [0.41;0.62
Boesi et al. 2021 67 100 : —_— 0.67 [0.57;0.76
Boscolo-Rizzo et al 2021 83 304 —_— N 0.27 [0.22;0.33
Bottemanne et al. 2! 38 82 —_— 0.46 [0.35;0.58
Bozzetti et al. 2021 28 49 ——— 0.57 [0.42; 0.71;
Cao et al. 2021 5 62 —a— . 0.08 [0.03;0.18 U
Carfi et al. 2020 76 143 . —— 0.53 [0.45; 0.62 -
Carvalho- Schnelder etal 2021 52 130 —_— 0.40 [0.32; 0.49 o
Castro et al 721 6619 = . 0.11 [0.10;0.12 —
Catalan et al 2021 6 —_— 0.39 [0.28; 0.51] o))
Chen Ll etal. 2021 137 715 —— . 0.19  [0.16; 0.22 o
Chopra et al. 2021 53 —_— 0.23 [0.12; 0.36 —_
Clavario et al. 2020 54 110 —_— 0.49 [0.39; 0.59 o
Creamer et al, 2021 1. 57 —_— 0.25 [0.14;0.38 o
Daher et al. 2020 15 33 —_— 0.45 [0.28; 0.64]
Danesh et al, 2021 32 62 —_— 0.52 [0.39; 0.65 o
Darley et al. 2021 1! 66 —_— . 0.23 [0.13;0.35]
ruz et al. 20: 115 —_— 0.68 [0.58;0.76 <
Dennis et al. 2021 197 201 —- 0.98 [0.95; 0.99 o
Desgran|ges etal. 2021 132 413 — 0.32 [0.27; 0.37;
Dini ‘et 3 50 —_— 0.72  [0.58; 0.84] o
Eloy et al. 2021 159 — 0.49 [0.44; 0.55 o]
Fang et al. 20: 399 1233 —- 0.32 [0.30; 0.35; <
Fatima et al. 20: 90 : —_—— 0.56 [0.48; 0.64] —_
Fernandez-de-| Las Penas et al. 2021 697 1142 N — 0.61 [0.58; 0.64] —_
Ferraro et al. 2 6 7 . 0.86 [0.42; 1.00. [{e]}
Fortini et al. 202 25 59 —_—— 0.42 [0.30; 0.56 >
Froidure et al. 2021 32 126 —_— N 0.25 [0.18;0.34] —
Frontera et al. 2021 98 272 — 0.36 [0.30; 0.42 M
Ganesh et al. 2021 132 817 —-— . 0.16 [0.14;0.19 —_
Garcia—Abellan et al. 2021 42 76 L —— 0.55 [0.43;0.67 =
Garrigues et al. 2020 66 120 - —— 0.55 [0.46; 0.64] o
Gautam e 2021 7 144 —_— 0.53 [0.45; 0.62 pian
Gebhard et al. 2021 84 1024 = 0.08 [0.07;0.10: c
Goertz et al. 2020 39 : — 0.87 [0.84; 0.90;
Gonzalez Hermosillo et al. 2021 6 130 L —— 053 [0.44: 0.62, Q.
Graham et al. 2 4 50 . —_— 0.86 [0.73; 0.94]
Gupta et al. 202 5 123 —_— 0.41 [0.33; 0.51; =
Halpin et al 2020 6 00 . —_— 0.64 [0.54,0.73 «
Heightman et al. 2021 644 1325 —— 0.49 [0.46; 0.51] —
Hellemons et al. 2021 2 63 —_—— 0.51 [0.38; 0.64] o
Horwitz et al. 202! 107 26 —_— 0.85 [0.77;0.91
Hossain et al. 2021 295 56 — 0.83 [0.79; 0.87. =
qgbal et al. 2021 1 58 — 0.83 [0.76;0.88 c
acobs et al. 2021 49 —_— 0.55 [0.47; 0.63; n
anberg et al. 2021 4 00 —_—— 0.41  [0.31;0.51
<araarslan et al. 2021 13 00 —_ 0.44 [0.39; 0.50. @
ashif et al. 2021 1 42 — 0.42 [0.35; 0.48; (%2}
halaf et al. 2021 8 : —. 0.59 [0.55;0.63 —
ozak et al. 2021 2 —_— 0.50 [0.37;0.63;
Labarca et al. 2021 0 —_— 042 029055 @
Lemhofer et al. 2021 1 365 — 0.38 [0.33;0.43 Q
Leth et al. 2021 1 9 . —_— 0.63 [0.48; 0.77, j=1
Liang et al. 2 45 76 —_— 0.59 [0.47;0.70 o))
Lindahl et al 2021 75 95 —_— 0.79 [0.69; 0.87 o
Liu et al. 2021 48 02 —-— 0.10  [0.07;0.12
_yanage Don et al. 2021 31 53 —— : 0.20 [0.14; 0.28; —
Logue et 24 7 — N 0.14 [0.09; 0.20; o
_*mbardo et al. 2021 158 03 . —— 0.52 [0.46; 0.58
laamar et al. 202. 121 —_—— 0.43 [0.34;0.52 —
lahmud et al, 2021 117 355 —_— 0.33 [0.28;0.38 ¢l
andal et al. 2020 26! 384 . — 0.69 [0.64; 0.74] x
azza et al. 2021 192 —_— 0.33 [0.26; 0.40; —
enges et al. 2021 23 426 d — 0.55 [0.50; 0.59 o)
irfazeli et al. 2021 4 4 —_— 0.51 [0.41; 0.62
iyazato et al. 2020 3 —— . 0.10 [0.04;0.20 =
olnar et al. 202. 6! 101 —_— 0.68 [0.58;0.77, o
oradian et al. 2020 3 200 —_— : 0.20 [0.14; 0.26]
oreno-Perez et al. 2021 9 277 —a— 0.35 [0.29; 0.41 o
orin et al. 2021 13. 431 — . 0.31 [0.27; 0.36] Q
unblit et al. 2021 551 2599 = 021 [0.20;0.23 —
aik et al. 2021 46 1234 ¢ 0.04 [0.03; 0.05 Q
ehme et al. 2021 4 — . 0.21 [0.17;0.25]
oviello et al, 2021 52 164 —_— 0.32 [0.25;0.39 3
une et al. 2021 24 41 —_— 0.59 [0.42;0.74] =.
O'Keefe et al, 2021 5! 290 — : 0.20 [0.16; 0.25 5
Pauley etal. 2021 29 —a . 0.10 [0.02;0.27, =.
Peghin et al. 2021 7 599 —-— . 0.13 [0.10;0.16 =]
Perez— Gonzalez etal. 2021 40 248 —— 0.16 [0.12;0.21
Piotto et al.20: 56 165 —_— 034 [0.27 0.42 «
Poyraz et al 2021 47 118 —_— 0.40 [0.31;0.49 -
Raman et al. 2020 32 58 —_— 0.55 [0.42; 0.68; >
Rauch et al. 2021 32 127 —_— . 0.25 [0.18; 0.34] -
Righi et al. 2021 7 83 — . 0.0: 0.03; 0.17.
Romero-Duarte et al. 2021 176 797 —— : 0.2 0.19; 0.25] ::
Rosales—Castilo et a. 2021 23 74 —_— 0.3 0.21,0.43 o
Sami et al. 2021 50 452 —.— . 0.1 0.08; 0.14] =.
Sathyamurthy et al. 2021 25 279 — : 0.0! 0.06; 0.13 =
Savarraj et al. 2021 19 45 B 0.4: 0.28; 0.58; =.
Scherlinger et al 2021 25 0 : —_— 0.8 0.65; 0.94] >
Shoucri et al. 21 44 488 —-— . 0.0¢ 0.07,0.12 Q@
Seelle et al. 2021 40 6 —_— 0.4. 0.32; 0.52]
enjam et al. 2021 204 257 . — 0.7 0.74; 0.84] =
Shang et al. 2021 201 796 —.— . 0.2! 0.22; 0.28' Q
Shendy et al. 2021 52 1 . —_— 0.6 0.53; 0.75] =]
Sigfrid’et al. 2021 255 308 . — 0.8 0.78,0.87 o
Silva et al. 2021 38 87 —_— 0.44 0.33; 0.55]
met et al. 2021 90 137 . —_— 0.6 0.57; 0.74] n
ollini et al. 2021 13 0.62 [0.32;0.86 —_
oraas et al. 2021 155 676 —— . 0.2: 0.20; 0.26
taudt et al. 2021 50 101 e — 0.50  [0.39; 0.60! 3
tavem et al. 2021 211 458 —— 0.46 [0.41;0.51 =
teinbeis et al. 2022 44 72 . _— 0.61 [0.49;0.72 )
trumiliene et al. 20: 35 1 : —_— 0.69 [0.54;0.81 =
uarez—Robles et al. 2021 73 134 . —— 0.54 [0.46; 0.63;
ultana et al. 2021 15 186 —— : 0.08 [0.05;0.13 (g
un et al. 2021 17 932 = : 0.02 [0.01;0.03 (9]
kes et al. 2021 5 134 —_— 0.40 [0.31; 0.48; [¢]
zekely et al. 2021 24 1 —_— 0.34 [0.23; 0.46 >
aboada et al. 202, 34 91 —_— 0.37 [0.27; 0.48; S
aylor et al. 2021 475 675 . —a 0.70  [0.67;0.74
essitore et al. 2021 45 16! —_— 0.27 [0.21; 0.35] o
leyjeh et al, 2021 66 222 —_— 0.30 [0.24;0.36 =
wari et al. 2t 1 132 —— 0.13 [0.08; 0.20 o
'omasoni et al. 2021 33 105 —_— 0.31 [0.23;0.41; [(@]
osato et al. 2 104 137 —_—— 0.76  [0.68; 0.83 —_—
ownsend et al 67 128 . — 0.52 [0.43;0.61 [¢)
van den Borst et al 2021 86 124 . —_— 0.69 [0.60; 0.77 w
Vanichkachorn et al. 2021 80 100 . —_— 0.80 [0.71;0.87 .
van Veenendaal et aI 2021 16 50 —_— 0.32  [0.20; 0.47;
Venturelli et al. 2 337 767 . 0.44  [0.40;0.48
Voruz et al. 2021 45 —_— . 0.13 [0.05; 0.27;
Wang et al. 2021 5. 126 —— 0.42 [0.33; 0.51;
Wong-Chew et al. 2022 29 928 —-— 0.32 [0.29; 0.35
Wu et al. 2021 1. 54 —_— 0.24 [0.13; 0.38;
Zayat et al. 2021 —_—— 0.54 [0.44;0.62
Zhang et aI 2021 67. 2433 = 0.28 [0.26; 0.30
Zhou 0.40 [0.16; 0.68;
Zulu et al 2020 4 27 —_— N 0.15 [0.04; 0.34]
Random effegts mode! 49032 —— 0.41 [0.36; 0.45]
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Figure 3. Diagram of fatigue associations
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Author (year), country Setting Study Design Sample Follow-up Fatigue Scale Cut-off s@res fg' Total Fatigue p
Time fati © prevalence
Score iﬁ\geg no. (%)
S o M (SD) M (IQR)
@D (o))
Agergaard et al. (2021) Outpatients Case-control 20 77-255 days ADQ NRs -g 18 (90)
Denmark :% =
Albu et al. (2021) Outpatients Cross-sectional 30 >3 months MFIS Range @ &:848 26 (86)
Spain Higher scor@-?ewre
imp&t‘: w
Amin-Chowdhury et al. (2021) Survey Prospective cohort 1671 7 months ADQ N > g +Ve cases
UK 28 = 55(39.3) | <.001
22 = -Ve controls
2o S 203 (17.5)
Anaya et al. (2021) Survey Case series 100 219 days ADQ NE— o % 34 (34)
Colombia o o
Andrade Barreto et al. (2021) Outpatients Cross-sectional 602 > 1 month ADQ NBg g 371 (61.6)
Brazil S5 3
Aparisi et al. (2021) Outpatients Prospective cohort 70 3 months NR N = 20 (28.6)
Italy e _E
Aranda et al. (2021) Outpatients Prospective cohort 113 240 days ADQ Range E 10 51 (45)
Spain T
Arnold et al. (2020) Outpatients Prospective cohort 110 8-12 weeks ADQ Ng- \g- 32/81(39)
UK 35 O
Asadi-Pooya et al. 2021 Telephone Retrospective cohort 4681 3-6 months ADQ NR2 % 3 months .001
Iran 6-12 months % o 859/2685 (32)
o § 6 months
=) 499/1996 (25)
Augustin et al. (2021) Outpatients Prospective cohort 958 4 months ADQ N@_ 5 4 months
Germany 7 months > = 43/442 (9.7)
= O
- > 7 months
e = 50/353 (14.2)
Aul et al. (2021) Telephone Cross-sectional 387 6 weeks ADQ Ng 3 165/366 (45.1)
UK o N
Aydin et al. (2021) Outpatients Cohort 116 44 days ADQ Ng o 29 (25)
Turkey =
Bai et al. 2021 Outpatients Prospective cohort 377 102 days Clinical interview NK m 149 (39.5)
Italy Q
Barizien et al. (2021) Outpatients Prospective cohort 39 7 months Clinician assessment NR 5 -
France D
Becker et al. 2021 Outpatients Prospective cohort 90 12 months ADQ NR 5 41/90 (46%)
Switzerland VAS for severity Range 0-10 § M 5.54 (SD 2.34)
Bek et al. 2021 Outpatients Prospective cohort 492 3, 6, 12 months FAS >36= casenes‘gJ 3 months 932
Netherlands =1 248/385 (64.5)
9] 6 months
m 277/483 (63.1)
- 12 months
;i 156/271 (60.2)
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3 Author (year), country Setting Study Design Sample Follow-up Fatigue Scale Cut-off scores for Total Fatigue
4 Time fatige % prevalence
5 Score ngeg no. (%)
6 = g M (SD) M (IQR)
=
S
7 Bell et al. (2021) Survey Prospective cohort 303 > 30 days ADQ N> N >30 days
8 USA o 9 78/208 (37.5)
>
9 o =) 30-59 days
10 p M= 21/87 (24.1)
oeN > 60 days
1 3‘5 S 57/121 (47.1)
12 Bliddal et al. (2021) Survey Cohort 445 > 4 weeks ADQ NP g i 4 weeks
13 Denmark o 3 g 32/198 (16)
>.-<.‘Q = 12 weeks
=1
14 . . ‘ o 2 = 21/129 (16)
15 Boari et al. (2021) Outpatients Prospective cohort 91 4 months ADQ NR- 5o 47 (52)
16 Italy % o %
17 Boesl et al. (2021) Outpatients Cohort 100 > 12 weeks FSS 4-7 impairﬁe?’rt Ege N (%)
Italy to fatigue g 67 (67)
18 > 36 = cened
19 Boscolo-Rizzo et20 al. (2021) Outpatients Cohort 304 12 months ADQ Ng = 83(27.3)
Italy - =
20 4
Bottemanne et al. 2021 Outpatients Prospective cohort 84 1, 3 months Clinical interview NEE = 1 month
21 France Telephone = 5- 50/84 (59.5)
22 % = 3 months
23 > o 38/82 (46.3)
24 Bozzetti et al. (2021) Outpatients Prospective cohort 49 6 months Modified BORG Scale 6 = No &Rertian 28 (57.1)
Italy 20 = Mgximato
25 exerfion 3.
26 Cao et al. (2021) Survey Cohort 81 1-3 months ADQ NR, O 1 month
) o
57 China 3 3 7(11)
28 o 8 3 months
-~ > 5(8)
29 Carfi et al. (2020) Outpatients Cohort 143 60 days ADQ N = 76 (53.1)
30 Italy =P L
31 Carvalho-Schneider et al. (2021) Survey Prospective cohort 150 30-60 days WHO Performance Grad@3 N Day 30
France Status Classification Gra@ 4 L 74 (49.3)
32 7 S Day 60
n N
33 ¢ N 52 (40)
34 Castro et al. (2021) EHR Retrospective case-control 6619 > 30 days EHR NR o 31-90 days
USA 887 (13.4)
35 5
_g 91-150 days
36 o 721 (10.9)
37 Catalan et al. (2021) Telephone Cohort 76 12 months ADQ NR g No steroids
Spain SF-36 Vitality P 19/44 (43.2)
38 = Steroids
39 ) 11/32 (34.4)
40 Chen, Li et al. (2021) Telephone Longitudinal cohort 715 M 225 days ADQ NR m 137 (19.2%)
China —
41 =
42 >
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45



http://bmjopen.bmj.com/

oNOYTULT D WN =

g 8
BMJ Open S S
3 3
s 3
S 3
- N
— o
SN
o N
Author (year), country Setting Study Design Sample Follow-up Fatigue Scale Cut-off scares for Total Fatigue P
Time fatige % prevalence
Score ngeg no. (%)
(]
(-_3: 5 M (SD) M (IQR)
S
Chopra et al. (2021) Survey Cohort 53 30 days ADQ N> N 12 (22.6)
India 2 2
Chudzik et al. (2021) Outpatients RCT 50 4 weeks FAS Score >4 asevg:l:e -
Poland o M=
Clavario et al. (2020) Outpatients Prospective cohort 110 3 months ADQ NBD 8 B 54 (49.1)
Italy 2: 3N
Creamer et al. (2021) Outpatients Cohort 57 6, 9 weeks NR NE S 14 (25)
UK Telephone o= g
Daher et al. (2020) Outpatients Prospective cohort 33 6 weeks BORG Range Q0= 15 (45)
Germany % 8 %
Danesh et al. (2021) Telephone Cross-sectional 200 2-10 months ADQ Ng ‘3’- 8_ 32/62 (52)
USA )
Darley et al. (2021) Outpatients Longitudinal cohort 66 8 months SPHERE-34 NR — :t 15 (23)
Australia VAS-F Range 8- 100 2.0 (0.38-5.0)
>7 = savere3
Daugherty et al. (2021) EHR Retrospective cohort 27074 1-6 months ICD10 (_g g -
USA ~ =]
D’Cruz et al. (2020) Outpatients Prospective cohort 119 61 days NRS NIE § 78/115 (67.8)
UK E‘ 3
Dennis et al. (2021 Outpatients Prospective cohort 201 Median 141 NR == 197 (98)
UK days 5 T
Desgranges et al. (2021) Telephone Cohort 413 3-10 months ADQ NK > Cases
Switzerland 2 g 132(32) | .006
o = Controls
@ 2 15 (17)
Dini et al. (2021) Outpatients Cross-sectional 50 5 months ADQ NE. 3 3637 (71)
Italy ) g
Eloy et al. (2021) Survey Prospective cohort 324 3-6 months ADQ N%‘ S 3 months
France o < 159 (49) | .05
> Q
S < 6 months
© N 152 (47)
Fang et al. 2021 Telephone Prospective cohort 1233 12 months Physician interview N ‘N 400 (32.4)
China D o
Fatima et al. (2021) Survey Cohort 160 40 days ADQ NR o1 90 (56.2)
India =4
Fernandez-de-Las-Penas et al. (2021) Survey Cohort 1142 7 months FIC Mild = 25% O 695 (61)
Spain ADQ Moderate = 5@
Severe = 75%%
Ferraro et al. (2020) Outpatients Case-series 7 Post-discharge BORG Scale Range 6 - 20§ 6 (85.7)
Italy g
=
Fortini et al. (2021) Outpatients Prospective cohort 59 4 months ADQ NR % 25 (42.4)
Italy N
Froidure et al. (2021) Outpatients Cohort 126 3 months ADQ NR : 32 (25)
Italy >
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Author (year), country Setting Study Design Sample Follow-up Fatigue Scale Cut-off scores for Total Fatigue p
4 Time fatige % prevalence
5 Score ngeg no. (%)
6 = g M (SD) M (IQR)
=
S
7 Frontera et al. (2021) Survey Prospective cohort 272 6 months ADQ N> N 98 (36)
8 USA NG
9 Ganesh et al. (2021) Survey Cross-sectional 817 6 months PROMIS-Fatigue Nm {_3: 132 (16.2)
10 USA 5 m=
Garcia-Abellan et al. (2021) Outpatients Prospective cohort 116 1-6 months ADQ NBD 8 B 6 months
1 Spai 23N 12 (10.3)
pain = rax
12 Garrigues et al. (2020) Outpatients Cross-sectional 120 110.9 days ADQ NE % : 66 (55)
13 France o= g
Gautam et al. (2021) Outpatients Case-series 200 4-7 months ADQ NRrQ = 77/144 (53.5)
14 UK 282
15 Gebhard et al. (2021) Survey Cohort 1024 6.5 months ADQ NS 84 (8.2)
16 Switzerland EJ— S o
17 Goertz et al. (2020) Survey Cohort 457 3 months ADQ NR = . 398 (87)
Belgium 3" o
18 Netherlands > 3
19 Gonzalez-Hermosillo et al. (2021) Survey Prospective cohort 130 3 months ADQ N.E = 3 months
20 Mexico 6 months > -E; 69 (53) | .019
- = 6 months
21 5 3 61(46.9)
22 Graham et al. (2021) Survey Cohort 50 7 months PROMIS > 50 = aweragy’ 43 (85)
23 USA 5 9
24 Gupta et al. (2021) Outpatients Prospective cohort 371 30 days ADQ NE 5 51/123 (41.4)
Pakistan 2 o
25 Halpin et al. (2020) Telephone Cross-sectional 100 4-8 weeks ADQ Mild £0- E 64(64)
26 UK Moderat@.= 4
27 Severe 27-1@
28 zoc
Heightman et al. (2021) Outpatients Cohort 1325 > 6 weeks FAS < 22 = no-fatige 644 (48.6)
29 UK 222= 8tigu§
>
30 S <
31 Hellemons et al. (2021) Outpatients Prospective cohort 92 3-6 months FAS 222= %igu% 6 months
32 Netherlands Survey Q ‘N 32/63 (50.8)
33 Horwitz et al. (2021) Survey Prospective cohort 126 6 months PROMIS-10 >50= a:e'f)eragﬁ 107 (85)
USA >0= fatiguelg'
34 . . : =
35 Hossain et al. 2021 Outpatients Prospective cohort 2198 12 weeks ADQ NR o 295/356 (82.9)
Bangladesh o2
36 Igbal et al. (2021) Survey Cross-sectional 158 38 days ADQ NR D 131(82.9)
37 Pakistan =
38 Jacobs et al. (2020) Survey Cohort 149 35 days PROMIS NR g 82 (55)
—
39 oA 0
40 Kanberg et al. (2021) Outpatients Prospective cohort 100 6 months KEDS 19 points m 40 (41)
41 Sweden ~
_|
42 >
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- S
Karaarslan et al. (2021) Survey Cohort 300 1 month ADQ N> N 133 (44.3)
Turkey 8 g
Kashif et al. 2021 Telephone Cohort 242 3 months ADQ NR. m 5 101 (41.7)
i o =
Pakistan ZTo
Khalaf et al. (2021) Survey Cross-sectional 538 83 days ADQ Ne SR 318(59.1)
Egypt ocw
Kozak et al. (2021) EHR Retrospective cohort 223 3 months ADQ NG > g 31/62 (50)
Canada 5‘8 =
Labarca et al. (2021) Outpatients Cross-sectional 60 4 months CFQ Range 3—{335—’ 25 (41.7)
Chile >29 = cReBe®
Q
0-319 o
- O
>4= cagﬁrresg
Lemhofer et al. 2021 Survey Cross-sectional 365 3 months ADQ N@_ "3 137 (37.5)
Germany SF-36 Vitlity Range (G- 108 M 54.6
100 = ma@vitaligy
Leth et al. (2021) Outpatients Prospective cohort 49 6 weeks ADQ NR S 6 weeks
Denmark Telephone 12 weeks j_> = 32 (65)
=z g 12 weeks
o 3
5 & 31(63)
Liang et al. (2020) Outpatients Prospective cohort 76 3 months ADQ NE' 'g 45 (59)
China Q 5
Lindahl et al. (2021) Survey Cohort 101 6 months ADQ % =3 75 (79)
Finland SF-36 Vitality Range @& 10(_?_
100 = maZZvitaIgy M (SD)
3 3 54.2 (23.6)
Liu et al. (2021) Outpatients Prospective cohort 594 3, 6, 12 months ADQ NETJ 8 -
China -~ 35
Liyanage-Don et al. (2021) Survey Cross-sectional 153 3 months ADQ NE < 31(20.3)
> Q
USA S5 <
Logue et al. (2021) Survey Prospective cohort 177 3 months ADQ NE. B 24 (13.6)
USA 9 months 8 -
Lombardo et al. (2021) Telephone Prospective cohort 303 12 months ADQ N 8 158 (52)
Italy @ E
Maamar et al. (2021) Outpatients Cross-sectional 121 3 months Interview NR Q. 52 (42.8)
Spain @]
Mahmud et al. (2021) Telephone Prospective cohort 355 30 days ADQ NR .g 117 (33)
Q
Mandal et al. (2020) Outpatients Cross-sectional 384 54 days ADQ NR 3 265 (69)
UK Telephone g
Mazza et al. 2021 Outpatients Prospective cohort 402 1, 6, 12 months FSS Range 0 — 635 12 months
Italy Online >36= casene{s‘l 63/192 (33)
Il
Menges et al. (2021) Survey Prospective cohort 431 6-8 months FAS >22 = fatigug 233/426 (54.7)
Switzerland -
Mirfazeli et al. (2021) Survey Prospective cohort 94 9 months CDC Criteria for >25= fatiguey 48 (51.0)
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4 Time fatige % prevalence
5 Score nge§ no. (%)
6 §- o M (SD) M (IQR)
7 Iran Interview Fatigue Scale E N
o)) (o]
8 [
9 Miyazato et al.(2020) Telephone Cross-sectional 63 1-4 months ADQ Nm k=1 6(9.5)
=
10 Japan o =
Molnar et al. (2021) Outpatients Prospective cohort 101 > 4 weeks CFQ-11 Range g—%’ﬁg 69 (68.3)
1 Hungary >29= ca;eﬁ'b%
12 0 G
13 >4= camalgsg
Moradian et al. (2020) Telephone Cross-sectional 300 6 weeks ADQ NRrQ £ 39 (19.5)
14 Iran % 8 S
o
15 Moreno-Perez et al. 2021 Outpatients Prospective cohort 277 8 — 12 weeks ADQ Ng S- 8_ 96 (34.8)
16 Spain ) 9o
17 Morin et al. (2021) Telephone Prospective cohort 478 3-4 months MFI Range A)—'Z'OE"h 134/431 (31)
France >15sgereg
18 5 3
19 Munblit et al. (2021) Telephone Longitudinal cohort 2599 218 days ADQ NE 2 551 (21.2)
20 Russia - S
21 Naik et al. (2021) Outpatients Prospective cohort 1234 3-6 months ADQ NEZ § 45 (3.7)
India E =
22 Nehme et al. (2021) Survey Cohort 410 7-9 months ADQ NG o 85 (20)
Switzerland ECOG 0 no limitzgionsS 4
23 ®
24 disaifed S
Noviello et al. (2021) Survey Case-control 164 cases 4.8 months SAGIS Ng 537 Cases v. Controls
25 Italy 184 controls a 2 52 (31.7)v. 25 (13.7) =
26 § o <.001
27 Nune et al. (2021) Telephone Prospective cohort 271 3, 6, 9 months ADQ NE. 3 9 months
28 UK 2 3 24/41 (58)
VAS Range g..— 1% M5.8
29 >7 = severex
30 O'Keefe et al. (2021) Survey Cross-sectional 290 1-6 months ADQ NEB < 59 (20.3)
31 USA SN
32 Pauley et al. (2021) Telephone/ Prospective cohort 332 3 months VAS Range@- 1GN 3 months (Cases v.
UK Outpatients 12 months >7= sg/ereg Controls)
33 : a 7(8.9)v.51(27.1) | .809
=) 6 months
34
35 o 3(10.3) v. 54 (32.5)
[0}
.001
ho]
36 Peghin etal. (2021) Telephone Prospective cohort 599 6 months PRO NA o 78 (13.1)
37 Italy 3
38 Pérez-Gonzalez et al. (2021) Telephone Prospective cohort 248 6 months ADQ NR g 40 (16.1)
Spain -
39 Pilotto et al. (2021) Outpatients Cohort 165 6 months ADQ NR Igl?l 56 (33.9)
40 Italy N
Poyraz et al. (2021) Survey Cohort 118 50 days ADQ Range 0-81 47 (40)
41 —
42 Turkey >
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- S
Raman et al. (2020) Outpatients Cohort 58 2-3 months FSS Range - 630 33 (55)
UK >36= c&enesg
Rass et al. (2021) Outpatients Prospective cohort 90 3 months SF-36 Vitality <40 ﬂow‘c -
=
Austria energy/gthlite:
Rauch et al. (2021) Survey Prospective cohort 127 3, 6, 12 months ADQ N® 8 B 6 months
o
Germany =N 32 (25)
Righi et al. (2021) Outpatients Prospective cohort 448 6 - 12 weeks ADQ NE g U T1=45/175 (26)
Italy Telephone [ T2=7/83(9)
Romero-Duarte et al. (2021) EHR Retrospective cohort 797 6 months EHR NR*@Q g 176 (22.1)
Spain % 8 =
Rosales- Castillo et al. (2021) Outpatients Retrospective cohort 118 50 days Question Ng ‘3’- 8_ 22/74 (30.5)
Spain )
Sami et al. (2020) Telephone Cohort 452 4 weeks ADQ NR — :t 50 (11)
Iran 3° 3
Sathyamurthy et al. (2021) Telephone Prospective cohort 279 90 days ADQ N, 3 25 (8.9)
India 2 =
Savarraj et al. (2021) Telephone Prospective cohort 48 3 months FSS Rangeg— 635: 20 (42)
USA > 36 = céseneX
— O
o 3
Scherlinger et al. (2021) Outpatients Prospective cohort 30 152 days VAS Range &~ 105" 25 (82)
France >7 = severe@
Shoucri et al. 2021 EHR Retrospective cohort 929 3, 6 months EHR NE > 3 months
USA 2 g 44/488 (9.0)
o = 6 months
@ 2 38/364 (10.4)
Seellle et al. (2021) Outpatients Prospective cohort 96 5, 12 months ADQ Ng 3 5 months
Germany 2 g 40 (41.7) | .043
= =] 12 months
o < 51 (53.1)
Senjam et al. (2021) Online Cross-sectional 773 1 month ADQ NE < 204/257 (79-3)
India © N
Shang et al. (2021) Telephone Cohort 796 6 months ADQ N§ ‘N 201 (25.3)
China D o
Shendy et al. (2021) Telephone Cohort 81 3-5 months MFIS Range 0 - 8400 52 (64.2)
Egypt > 38 casenes®
Sigfrid et al. (2021) Outpatients Prospective cohort 308 222 days VAS Range 0 - 100 255 (82.8)
UK Survey >7= severeg
Silva et al. (2021) Outpatients Cross-sectional 87 54 days ADQ NR [ 38 (43.7)
Brazil CFQ-11 Range 0335
>29= caseneg
0-11 ~
>4= casenesQ
Smet et al. (2021) Outpatients Cohort 220 10 weeks ADQ NR '[I\jl 90/137 (66)
Belgium r
_|
>
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-]
7 Sollini et al. (2021) Outpatients Case control 39 98 days NR NG, 8 Cases
8 Italy 2 2 8/18 (62)
9 Soraas et al. (2021) Survey Cohort 794 3-8 months ADQ Nm k=1 157/597 (23)
=
10 Norway o T =
Staudt et al. 2021 Outpatients Prospective cohort 101 10 months ADQ NE_ 8 B 50 (49.5)
1 Germany = 3N
12 Stavem et al.( 2021) Survey Cohort 458 1.5-6 months CFQ-11 Range g—%3g 211 (46)
13 Norway >29=c eg
14 RAND-36 o—gﬁm& §
>4=c S
15 Steinbeis et al. 2022 Outpatients Prospective cohort 72 3, 6, 12 months ADQ Ng S- 8_ 44 (60.8)
16 Germany o2 o
17 Strumiliene et al. (2021) Outpatients Cohort 51 2 months ADQ NR — S: 35 (68.6)
Lithuania S 3
18 Suarez-Robles et a. 2021 Telephone Cross-sectional 134 90 days ADQ NBS, 3 73 (54.5)
19 Spain = =4
20 Sultana et al. (2021) Telephone Cross-sectional 186 30-60 days ADQ N§> o > 60 days
Bangladesh = = 15 (8.1)
21 Sun et al (2021) Telephone Retrospective cohort 932 3 months ADQ Ngf § 17 (1.8)
23 Sykes et al. (2021) Outpatients Retrospective cohort 134 113 days ADQ N(g 'g 53 (39.6)
UK = >
24
25 Szekely et al. (2021) Outpatients Prospective cohort 71 90 days Modified BORG Scale 6- ,§ COoVID
Israel 17 = vefy-ha 24 (34)
26 exertlon Control
o
3
27 2. 3 9/35 (26)
28 Taboada et al. (2021) NR Prospective cohort 91 6 months ADQ NR o 34 (37.4)
Spain - 3
29 Taylor et al. (2021) Telephone Cohort 675 > 12 weeks Amplitude NR:E_ gz,; -
30 UK Survey Questionnaire S5 <
31 Tessitore et al. (2021) Telephone Prospective cohort 184 1, 12 months PROMIS N% B 1 month
Switzerland Q 113 (61)
32 2 v
) o 12 months
33 2N 45/165 (27)
34 Tleyjeh et al. (2021) Telephone Prospective cohort 222 122 days ADQ NR =) 66 (29.7)
Saudi Arabia @]
35 Tiwari et al. (2021) Outpatients Cross-sectional 132 2 months ADQ NR % 17 (13)
36 Nepal )
37 Tomasoni et al. (2021) Outpatients Cross-sectional 105 1-3 months ADQ NR g 33 (31.4)
@
38 Italy @
39 Tosato et al. (2021) Outpatients Cohort 165 76 days ADQ NR 5 104/137 (75.9)
20 Italy m
N
41 -
_|
42 >
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- S
Townsend et al. (2020) Outpatients Prospective cohort 128 10 weeks CFQ-11 Range - 330 67 (52.3)
Ireland >29= c&ene%
0-%1 ©
>4 = cagpiiBss:
van den Borst et al. (2021) Outpatients Prospective cohort 124 3 months NCSI Range 5&48 86 (69)
Q
Netherlands —~ 3N
Vanichkachom et al. (2021) Outpatients Cohort 100 3 months NR NE % b 80 (80)
USA oY
van Veenendaal et al. (2021) Survey Prospective cohort 50 3, 6 months ADQ NR*@Q g 17 (33)
Netherlands % 8 =
Venturelli et al. (2021) Telephone Cohort 767 49 days BFI Range %gog_ 334 (44.1)
Italy 81 days 8-10 = $5VErep
Voruz et al. (2021) Outpatients Cohort 75 6-9 months FIS Range®- S:, 6 (8)
Switzerland Survey SF-36 Vitality 3" 3
Wang et al. (2021) Outpatients Cohort 126 5 months NR - 3 53 (42)
UsA 2 =
Wong-Chew et al. 2022 Telephone Prospective cohort 1303 1, 3 months ADQ N§> £ 30 days
Mexico - = 449/1303 (34.5) .001
— O
o 3 90 days
S 5 299/928 (32.2)
Wu et al. (2021) Outpatients Cohort 54 6 months ADQ N 'g 13 (24.1)
China Q 5
Yomogida et al. (2021) Telephone Prospective cohort 366 1,2, 6 months ADQ Ng g 1 month
USA Q = 88 (24.0)
%- 8 2 months
= 3 62 (16.9)
~
2 o 6 months
g > 50 (13.7)
Zayet et al. (2021) Telephone Retrospective cohort 354 289 days ADQ Ng- QS_, 68 (53.5)
France > <
Zhang et al. (2021) Telephone Cohort 2433 1year ADQ N% 8 673 (27.7)
China Q ~I\J
Zhou et al. (2021) Outpatients Case-control 15 patients 3 months NR —8 8 6 (40)
China 14 controls ) a1
Zulu et al. (2020) Telephone Cohort 302 54 days ADQ NR = 4/27 (14.8)
Zambia 9
CONTINUOUS FATIGUE OUTCOMES g.,
=
Bardakci et al. (2021) Outpatients Cohort 65 6-7 months SF-36 Vitality Range 0 - 108 M (SD)
Turkey 100 = max vital 70.8 (NR)
Chen, Liu et al. (2021) Outpatients RCT 129 94 days FAI >4 = severe fatigfje BFHX group (n. 64) .0019
China m 85.5+27.6
N Placebo group (n. 65)
- 100.4 £ 25.7
>
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5 Score nge§ no. (%)
=5 M (SD) M (IQR
6 g o (SD) M (IQR)
7 Dalbosco-Salas et al. (2021) Outpatients Prospective cohort 115 30 days SF-36 Vitality Range - 100 -
8 Chile VAS Fatigue >7=s@erel | VAS Fatigue
>
9 o T Pre-rehab = 3 (0-5)
10 o M = Post-rehab = 1 (0-3)
dal et al. (2021) Outpatients Cohort 30 FACIT Range 5&28 Pre rehabilitation
11 UK <30= %@d&; 29 (14)
12 . Post rehabilitation
13 oY 34 (13)
Donaghy et al. (2021) Outpatients/ Prospective cohort 113 3 months FIS Range 8-1B0= M =65
14 N
N. Ireland Telephone S0z
15 229
16 Elanwar et al. (2021) Outpatients Case-control 46 fatigue 6 months CFQ Range E‘ 35 Fatigued
Egypt 46 no fatigue >29= cé_s'en'eg' 6(3-9)
17 o-z =
2 o
18 >4 = caznesy
19 S =
20 Elkan et al. (2021) Survey Case-control 66 Cases 9 months SF-36 Vitality o S Cases v Controls
Israel 42 Controls > | 57.5(30-76.2) v. 50 NS
21 = 5’ (23.7-80)
22 2 <
23 Evans et al. (2021) Outpatients Prospective cohort 1077 5 months FACIT Range - 52'% 16-8 (13:2)
24 UK <30=%Rveres
Y =3
25 Gamberini et al. (2021) Telephone Prospective cohort 205 3, 12 months 15D 5= warst 3 12 months
26 Italy 1=Kest O M 0.816 (0.196)
Guo et al. (2020) Outpatients Prospective cohort 259 1 month SF-36 3 5 -
27 . = =
China )
28 Henneghan et al. (2021) Survey Cross-sectional 52 4 months PROMIS R S 51.14 (7.61)
29 USA 8 =
30 Kayaaslan et al. (2021) Outpatients Prospective cohort 1007 3 months ADQ 4 (3-5) (Ragge G%O) 24 (24.3)
31 Turkey Survey S N
Kedor et al. (2021) Outpatients Prospective cohort 42 6 months CFQ 0 —31 = Chronic Covid
32 Germany >4= ca@énesg Syndrome
33 2N 7 (2-10)
Q CFS
34 - 8 (5-10)
35 Latronico et al. (2021) Survey Prospective cohort 114 3-12 months SF-36 Range 0 — 10%13 M (1QR)
36 Italy 100 = max vitalgy 3 months .600
37 5 53 (46-59)
o) 6 months
38 2 77 (44-59)
39 o 12 months
40 m 54 (47-59)
1
~
41 —
42 >
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= g M (SD) M (IQR)
- S
Liu et al. (2020) Outpatients RCT 72 6 weeks SF-36 @ N Post-pulmonary
China D ;‘; rehabilitation
3 © 75.6 (7.1)
o M= Controls
DN 61.2 (6.3)
Mancini et al. (2021) Outpatients Prospective cohort 41 3 months BORG Range %—30% M (SD)
USA oc: 15 (NR)
Mantovani et al. (2021) Outpatients Cohort 37 6 months Clinical interview N§ =3 g M (SD)
Italy BORG Range 630 42.5 (20.0-36.0)
Le= 0.16 (0.45-0.0
Novak et al. (2021) Outpatients Retrospective cohort 24 > 4 weeks BRAF-NRS, V2 Range%—@ o PASC
USA Revised >3 ((gug Y 9/9 (100)
> = 9: Controls .001
3° 3 0/5(0)
S 3 POTS
5 = 10/10 (100)
Ortelli et al (2021) Outpatients Case-control 12 cases 11 weeks FRS >6= c§§eneg M (SD)
Italy 12 controls Range & 10 Cases
FSS >36= cgeneg 8.1(1.7)
Range%—G = 31.6(10.8) | <.001
5 'g Controls
a 23 0.7 (0.5)
» T 9.5(0.5)
Qin et al. (2021) Telephone Cross-sectional 55 1 month PROMIS-7a Standard Té’goré_SO Before hospitalisation
USA (SD@) o 44.2 (7.4)
3 3
> 8 After hospitalisation
-5 54.5(9.8)
Schandl et al. (2021) Outpatients Prospective cohort 113 5 months SF-36 Range (5.';— 108z M (95% CI)
Sweden 100 = mag'vitaﬂgy High-flow nasal 0%/
[SEEEN Non-Invasive
S o ventilation
s N 44 (32- 56)
2 m Invasive mechanical
® ventilation
- 50 (44- 57)
Valent et al. (2020) Outpatients Retrospective cohort 19 3 months SF-36 Range 0 — 10@“ 60 (IQR - 50-65)
France 100 = max vitaTgy
van der Sar -van der Brugge (2021) Outpatients Prospective cohort 101 6 weeks SF-36 “ = NR
Netherlands %
Weerahandi et al. (2020) Telephone Prospective cohort 152 37 days PROMIS NR =1 Before Covid
USA o) 4 (IQR 4-5)
m After Covid
o 3(3-4)
Yildirim et al. (2021) Outpatients Prospective cohort 70 6 months SF-36 Range 0 — 10$ NR
Turkey 100 = max vitalfty
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Author (year), country Setting Study Design Sample Follow-up Fatigue Scale Cut-off seores for Total Fatigue
4 Time fatige % prevalence
5 Score nge§ no. (%)
= M (SD) M (IQR
6 g S (sD) M (IQR)
7 Zhao et al. (2021) Outpatients Prospective cohort 94 1year SF-36 @ N 75 (63.75, 90)
8 China 8 ;
9 o 3
10 NA = Not analysed; NR = Not reported; NS = not significant; r = Pearson’s correlation; OR = Odds Ratio; CFS = chronic fatigue syndrome; 6MWT = 6-minute walking test; FEV1 a:_;f&E&e_d expiratory volume in 1 second; FVC = forced vital capacity; RV =
residual volume; TLC = total lung capacity; DLCO = diffusing capacity of the lungs for CO?; KCO = carbon monoxide transfer coefficient; TLco = gas transfer capacity; ECLA = exg@r@real lung assist; ARDS = acute respiratory distress syndrome; FMA
11 = fibromyalgia; BFHX = Bufei Huoxue supplement, PTSD = post-traumatic stress disorder; CXR = chest X-ray; WBC — white blood cell; CRP = c-reactive protein; ADQ = author dﬁl@%ADQ} BFI = Brief Fatigue Inventory; BORG = Borg rating of
12 perceived exertion scale; BRAF-NRS, V2 Revised = Bristol Rheumatoid Arthritis Fatigue Numerical Rating Scale-Revised; CFQ = Chalder Fatigue Scale; ECOG = Eastern Cooperaﬁlq%)hcology Group performance scale; EHR = electronic health records;
13 FACIT = Functional Assessment of Chronic lliness Therapy — Fatigue; FAIl = Fatigue Assessment Inventory; FIC = Functional Impairment Checklist; FSS = Fatigue Severity Scale; IZI\S:OI tigue Assessment Scale; FIS = Fatigue Impact Scale; FRS = Fatigue
14 Rating Scale; MFI = Multidimensional Fatigue Inventory; MFIS = Modified Fatigue Impact Scale; KEDS = Karolinska Exhaustion Disorder Scale; NCSI = Nijmegen Clinical Screenin’g(knsg.i ment; NRS = Numeric Rating Score; PCL-5 = Post-Traumatic Stress
Disorder Checklist; PRO = Patient reported outcomes; PROMIS = Patient-Reported Outcomes Measurement Information System; PROMIS-7a = short-form Fatigue; SAGIS = St%c&rsd Assessment of Gastrointestinal Symptoms Scale; SF-36 = 36-Item
15 Short-Form Survey; SPHERE-34 = Somatic & Psychological Health Report; VAS-F = Visual Analogue Scale- Fatigue. Z g- g_
16 ) 8 ®
=9 0
17 "
3 o
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PRISMA-P Protocol for a Systematic Review: Fatigue outcomes following COVID-
19: A systematic review and meta-analysis
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Kim Poole-Wright 1st Reviewer
Ismail Guennouni 2nd Reviewer
Olivia Sterry 3rd Reviewer
Dr Rachael Evans 4th Reviewer
Dr Fiona Gaughran 5th Reviewer
Professor Trudie Chalder Senior Reviewer

Protocol amendments will be tracked, dated and numbered. The responsibility
for tracking and registering changes to the protocol will be held by the 1t
Reviewer with prior agreement and approval from the Senior Reviewer. Final
authorisation for any changes to the protocol will be from the Senior Reviewer.

A summary of changes table (Table 1, Appendix A.) will be utilised to track
changes and record authorisations. An explanation and rationale for the
amendments will be recorded in Table 2 (Appendix A.)

No specific funding has been obtained for this review.
This protocol was developed and designed in collaboration between all stated
authors.

Fatigue is a commonplace presenting symptom for a number of infectious
diseases, including coronaviruses. Studies reporting fatigue in the current COVID-
19 epidemic suggest a fatigue prevalence of between 18% in children to 100% in
emergency department patients (O’Reilly et al., 2020) during the acute phase.
Fatigue has been implicated in increasing the risk for ICU care in some patients
presenting with COVID-19, with a risk ratio of between 1.24 and 1.52 (Zhao et al,,
2020) Further, it is an emerging symptom associated with chronic stress among
healthy populations during forced lockdown conditions, who reported increased
somatic symptomology such as sleepiness, insomnia, headaches, digestive
disturbances and fatigue compared to before lockdown conditions (Majumdar,
Biswas, & Sahu, 2020).
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OBJECTIVES:

BMJ Open

Apart from acute clinical symptoms, fatigue may continue post-recovery or have
a sudden onset following an acute viral infection. The current pandemic has
revealed a considerable burden of lasting symptoms with approximately 1 in 4
people experiencing fatigue by one estimate (Badenoch et al., 2021) Studies also
indicate fatigue as one of the primary persistent symptoms. Systematic reviews
indicate a pooled-prevalence of post-COVID-19 fatigue to vary between 45%
(Hoshijima et al., 2021), 52% (Cares-Marambio et al., 2021) and 64%.(Malik et al.,
2021). For a considerable number of COVID-19 patients, fatigue symptoms
extend beyond 3 months and represent the largest burden of post-infection
symptomology (Becker et al., 2021; Khalaf et al., 2020). This accords with
evidence for post-viral fatigue in previous coronavirus outbreaks. One study
investigating recovered SARS patients, found that 64% suffered continuing
fatigue 3 months post-discharge and 60% experienced continuing fatigue at 12
months (Tansey et al., 2007). Another Hong Kong study reported 40.3% of
recovered patients had chronic fatigue 4 years after contracting SARS and
around 27% met the criteria for chronic fatigue syndrome.

Factors associated with post-illness fatigue include disease severity at the acute
stage, which is more likely to require critical care or hospitalisation (Rauch et al.,
2021; Van Den Borst et al., 2021; van der Sar - van der Brugge et al., 2021; Zhang et
al., 2021) Physical factors have also been implicated in some studies. Reduced
exercise capacity, for instance, is common in recovered patients even at 6 months
post-infection and has been related to lower vitality. This is despite no concurrent
impairments in pulmonary functions (Bardakci et al., 2021). Although pulmonary
functions are weakly related to fatigue, dyspnoea remains a problem for recovered
patients, with studies indicating a positive correlation with fatigue.

Other determinants include female gender, (Amin-Chowdhury et al., 2021; Bai et al.,
2021; Hellemons et al., 2021; Lombardo et al., 2021) and older age, particularly over
50 years old (Daugherty et al., 2021; Qin et al., 2021; Yomogida et al., 2021) have
been related to worse fatigue following a COVID-19 infection. Psychological factors
include anxiety, post-traumatic stress and depressive symptoms, which are frequent
in survivors of respiratory viral infections, (D’Cruz et al., 2021; Daher et al., 2020;
Liyanage-Don et al., 2021) have a consistent relationship with higher fatigue.
Depression and PTSD, for instance, were related to fatigue severity in 402 post-Covid
patients (Mazza et al., 2021).

Current systematic reviews and meta-analyses support fatigue as a primary
symptom during COVID-19 recovery, which may persist for serval months post-
infection. Given the potential to affect recovery, this review will add to the
current body of knowledge in both prevalence and associations to potentially aid
in developing interventions for fatigue outcomes following the current
coronavirus pandemic. The overall aim is to investigate the prevalence of long-
term fatigue outcomes in survivors of COVID-19.

This systematic review will comply with the PRISMA-P guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Protocol (Shamseer
et al., 2015).

The objective of this review are: (a) to examine the prevalence of
continuing/persistent fatigue among recovered patients, (b) to explore potential
explanatory variables associated with fatigue outcomes where data is available
(e.g. psychological, physical and sociodemographic). The study objectives will
utilise a PICO framework (Appendix B.)
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METHODS:

BMJ Open

Eligibility Criteria

e  Original articles available in English;

e  Studies with primary data;

e  Studies reporting fatigue using a valid fatigue measure (e.g. Chalder Fatigue
Questionnaire), the ‘vitality” subscale of the SF-36 or SF-12 instruments or
studies using a clinical interview, checklist or questionnaire with a fatigue
item(s);

e  Studies investigating fatigue occurring > 30 days after the acute
phase/hospitalisation or post-infection as defined in each article. Fatigue
defined as ‘post-discharge’, ‘post-hospitalisation’, ‘post-acute’, ‘post-illness’ or
‘post-onset’ must have been measured at a median/mean time of > 30 days.

e  Patient populations with a diagnosis of SARS-CoV-2 (COVID-19) confirmed by
RT-PCR, 1gM/IgG serology or clinical assessment (e.g. CT scan, chest X-ray);

° Adults > 18 years old;

o Letters containing primary data;

e Any study design including cohort, case-control, cross-sectional, randomised
control trials, meta-analysis.

Exclusion criteria

e Pandemic fatigue (defined as ‘worn out’ by pandemic warnings, or by
government safety instructions, or with media coverage, or with compliance
requirements’);

e ‘Muscle fatigue’, ‘leg fatigue’ and fatigue data combined with ‘malaise’ or
‘muscle weakness’;

e Fatigue associated with physical disorders (e.g. thyroiditis, Parkinson’s
disease, cancer);

e Pregnant participants; children and adolescents < 18 years old;

e Fatigue measured or reported as a clinical symptom during the ‘acute phase’
(defined as the period of hospitalisation or fatigue occurring < 30 days post-
infection);

e Participants without a confirmed diagnosis of COVID-19 (i.e. participants
who self-report a diagnosis), or studies including ‘probable’ cases;

® Fatigue among healthcare workers, which arising in the context of their work
(e.g. burnout, compassion fatigue);

e Newspaper articles, conference papers/abstracts, editorials, opinions,
background articles;

e Clinical or treatment procedures or protocols,

e Case reports and qualitative studies;

e COVID-19 vaccination studies, animals;

e Absence of outcome data (i.e. not quantified or reported in text).

Information sources:
PsycINFO, MEDLINE, EMBASE, CINAHL, OpenGrey, Cochrane Database of
Systematic Reviews.

Search Strategy:

The search strategy will be piloted and amended where appropriate to select the
most appropriate studies. An example of the search strategy is available in
Appendix C. The search strategy language will be amended according to each
database requirements.

Study Records:
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The following data will be extracted and recorded in a spreadsheet: author(s),
title, population and participant numbers, follow-up period, control/comparator,
location, study inclusion/exclusion criteria, study design, study objectives,
outcomes of interest, associations with fatigue, scales/instruments employed,
results, effect size and power calculation (Y/N) In addition, the quality of each
study (see Risk of Bias) will be indicated. A separate database will be compiled
detailing the studies that will be fully-screened but excluded, together with the
rationalisation for the exclusion.

Selection Process:

The 1°t reviewer will conduct the initial search in the selected databases for
relevant studies. The senior reviewer will review a proportion of the identified
studies based on the inclusion and exclusion criteria. The senior reviewer will
independently audit the selected studies and review the data extraction
spreadsheet. Agreement for the final included studies for any meta-analysis and
narrative review will be in collaboration. Disagreements will be settled through
consensus and agreement. A PRISMA flow chart will be used to record the
number of records collected, number of fully-screened records, number of
records excluded, studies identified through reference lists and total number of
records for inclusion in any meta-analysis.

Data items/collection:
The variables for the data to be recorded will include the following and will be
entered into a data extraction spreadsheet:

e citation details

e target population & location (survivors, region/country),

e study eligibility criteria,

e population characteristics (sample size, socio-demographics)

e outcomes under study (fatigue, vitality),

e how the outcomes were measured (Chalder Fatigue Scale (Chalder et al,,
1993), vitality scale of the SF-36/SF-12, including the definition of clinical
outcomes for a scale, cut-off points, upper/lower scores, explanation of
whether a high or low score is favourable,

e study variables (e.g. PTSD, depressive symptoms, exercise capacity),

e metrics (e.g. changes in fatigue),

e timing of outcome measurements (e.g. assessments at 6-week
intervals),

e mean and standard deviations for each group,

e comparator group,

o effect size,

e time (baseline data and follow-up times e.g. 1 month, 3 months),

e study design and setting (e.g. hospital, outpatients, population),

e study methods (single, multicentre, parallel, cluster)

For randomised control trials:

e Intervention or comparator descriptions (e.g. drug type, control group,
placebo group),

e Doses, times and frequencies, length of intervention,

e How an intervention was assessed, length of exposure, cumulative
exposure,

e Integrity of the intervention (the degree to which the procedures were
implemented as stated/planned),
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e Post-intervention metrics (e.g. changes in fatigue, pre-post-test),
e Randomisation procedures,
e Adverse effects,

Results

e Number of participants in each stated group (including number of
patients lost, withdrawn, lost to follow-up or excluded with reasons),

e Summary data for each group, each outcome and each time point
(means and standard deviations for continuous data, OR for
dichotomous data),

e Between-group estimates measuring effect of the intervention on the
outcome (e.g. OR, RR, mean differences) and their confidence intervals

e Confounders measured.

In the event of incomplete data regarding the exposures or outcomes, effect
sizes or other important data, reviewers will request this information from the
authors. Where there is no response, the missing data will be calculated
according to (Higgins, 2003) or the paper will be excluded.

Risk of bias:

Risk of bias (RoB) assessment will be conducted for each included study using the
relevant Critical Appraisal Skills Programme tools (CASP). The RoB will be
conducted independently by two researchers. The assessments (e.g. good,
moderate, poor) will be reported. A selection of reviews will be independently
cross-checked by both researchers to establish reliability of the assessments.
Methods to summarise the RoB assessments for all the studies and a description
of these assessments will be incorporated into the data synthesis (i.e. sensitivity
analyses) and their potential influence on the findings will be discussed.

Data synthesis

This systematic review will employ a quantitative approach and provide a
summary pooled estimate of the risk for fatigue, combining the results of all the
studies where appropriate. Where 3 or more studies can be combined based on
the same outcome measure, a meta-analysis will be performed. Where there are
less than 3 studies identified for the same outcome, the effect sizes will be
described in text. For the meta-analysis, we will compute odds ratios (OR) for
binary outcomes to estimate the risk of fatigue relative to the exposure virus and
target population (survivors), with 95% confidence intervals as an overall
synthesised measure of effect size. For continuous outcomes, standardised mean
differences for the combined effect size will be computed. Data from all studies
will included in the analysis. Additional statistical tests may be conducted
dependent upon data availability (e.g. fatigue outcome relative to gender,
socioeconomic status, pre-existing psychiatric conditions etc).

It is expected that there will be considerable heterogeneity in study types and
outcome measures, therefore it is expected that a random effects model will be
performed for the meta-analysis to provide an estimate of the mean effect size
for the included studies. The random effects model is expected to allow for wider
heterogeneity and take account of the estimated between-study weight
differences. To assess between-study-heterogeneity a Cochran’s Q will be
performed and the effect of heterogeneity will be quantified using the |2
statistical-test. A value of 50% or greater for the 12will be considered as indicative
of greater variability. A value of greater than 75% will be considered as
considerable variability. Statistical measures of effect will be extracted from the
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included studies for calculating pooled effect sizes of the association between an
included influenza virus and fatigue outcomes. Effect sizes, 95% confidence
intervals and statistical significance will be presented by quantitative and
graphical representations (i.e. forest plots). Statistical significance will be set at p
< 0.05 (2-tailed) for all analyses. Sensitivity analysis will be conducted utilising the
RoB assessments across all the studies. For example, excluding low grade studies,
studies with declared conflicts of interest. A funnel plot will be performed to
assess publication bias.

Meta-bias(es)

In order to assess publication bias, funnel plots (observed for 10+ studies
included in the meta-analysis) with an Egger test (Egger, Smith, Schneider, &
Minder, 1997) to test asymmetry at alpha level 0.1 will be conducted.

Confidence in cumulative evidence

GRADE (Grading of Recommendations, Assessment, Development and Evaluation
working group methodology) will be used to assess the quality of evidence for all
outcomes. The quality of evidence will be assessed for risk of bias, consistency,
directness, precision and publication bias. Quality will be judged as high (further
research is very unlikely to change our confidence in the estimate of effect),
moderate (further research is likely to have an important impact on our
confidence in the estimate of effect and may change the estimate), low (further
research is very likely to have an important impact on our confidence in the
estimate of effect and is likely to change the estimate) or very low (very
uncertain about the estimate of effect)

Reporting standards

The reporting of this systematic review will be in compliance with the PRISMA
guidelines (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) (Moher et al., 2010).
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Appendix A
Table 1. SUMMARY OF CHANGES TABLE
Document Protocol Version Number Date Authorisation

Amendment No. 1

Amendment No. 2

Amendment No. 3

Current Protocol

Original

1.01

Table 2. AMENDMENT RATIONALE

Page 72 of 113

Section Number/Heading Description of Amendment Rationale Summary
Section Number/Heading Description of Amendment Rationale Summary
Appendix B
PICOS
Patient/Population Exposure Comparison Outcome
Adults COVID19 diagnosis Where applicable Fatigue
Patients SARS-CoV-2 Healthy controls Fatigue
Survivors COVID-19 Non-treatment Vitality
Outpatients n-CoV-2 Treatment as usual Low energy
Inpatients 2019-nCoV2 Chronic fatigue
Coronavirus Tiredness
Exhaustion
Socio-demographics Asthenia
COVID-19 severity General fatigue
ICU admission Lethargy
Ventilation status
Anxiety symptoms
Depressive symptoms
PTSD symptoms
Stress/distress
Sleep
Quality of life
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Physical functioning
BMI

Clinical factors (lung
function, serology, CT
scans)

Comorbidities
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Database Search
PSYCINFO
1 ("severe acute respiratory syndrome" or "severe acute respiratory adj2
syndrome").mp
2 exp coronavirus/ or "corona virus".mp. or "corona adjl virus".mp.
3 (COVID-19 or COVID19 or SARS-CoV-2 or SARS-CoV* or SARSCOV2 or SARSCOV-2
or nCoV-2 or 2019-nCoV* or nCoV19* or nCoV2).mp.
4 (covid19 or covid-19 or covid*).mp.
5 10R20R30R4
6 chronic fatigue*. mp
7 (fatigue or tired*).mp [mesh word]. or exhaust*.tw.
8 ((((quality adj2 life) or QoL or health related quality) ad;j2 life) or HRQoL).tw.
9 60R70R8
10 (5 and 9) not cancer not child* not adolescent® not vaccin* not burnout not HIV

Limit 10 to up="20190101-2021"

11
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Post-Covid19 fatigue

Supplementary File 2. Full search protocols

APA PSYCINFO

1 ("severe acute respiratory syndrome" or "severe acute respiratory adj2
syndrome").mp.659

2 exp coronavirus/ or "corona virus".mp. or "corona adjl virus".mp. 9867

3 "chronic fatigue*".mp. 3079

4 (fatigue or tired*).mp [mesh word]. or exhaust*.tw. 47997

5 ((((quality adj2 life) or QoL or health related quality) adj2 life) or HRQoL).tw. 80465

6 (COVID-19 or COVID19 or SARS-CoV-2 or SARS-CoV* or SARSCOV2 or SARSCOV-2 or
nCoV-2 or 2019-nCoV* or nCoV19* or nCoV2).mp. 14627

7 (covid19 or covid-19 or covid*).mp. 14685

8 lor2or6or7 15226

9 3ordor5 124345

10 (8 and 9) not cancer not child* not adolescent* not vaccin* not burnout not HIV 386

11 limit 10 to up="20190101-20211231" 314

MEDLINE(R) ALL
1 ("severe acute respiratory syndrome" or "severe acute respiratory adj2 syndrome").ab.
28273

2 exp coronavirus/ or "corona virus".mp. or "corona adj1 virus".mp. 133179

3 "chronic fatigue*".mp. 7798

4 (fatigue or tired*).mp. 128687

5 ((((quality adj2 life) or QoL or health) adj1 related quality adj2 life) or HRQoL).ab.

53118

6 (COVID-19 or COVID19 or SARS-CoV-2 or SARS-CoV* or SARSCOV?2 or SARSCOV-2 or
nCoV-2 or 2019-nCoV* or nCoV19* or nCoV2).mp. 237888

7 (covid19 or covid-19 or covid*).mp. 230830

8 lor2or6or7 252264

9 3 or 4 or ((((quality adj2 life) or QoL or health) adj1 related quality adj2 life) or
HRQoL).mp.182154

10 (8 and 9) not cancer not vaccin®* not child* not adolescent* not burnout not HIV.mp.
4117

11 limit 10 to yr="2019-2021" 3304
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Post-Covid19 fatigue

EMBASE CLASSIC+EMBASE

1

A wWwoN

10

11

CINAHL

("severe acute respiratory syndrome" or "severe acute respiratory adj2

syndrome").ab.28257

exp coronavirus/ or "corona virus".mp. or "corona adj1 virus".mp. 83683

"chronic fatigue*".mp. 13417

(fatigue or tired*).mp. 317550

((((quality adj2 life) or QoL or health) adj1 related quality adj2 life) or HRQol).ab.
78429

(COVID-19 or COVID19 or SARS-CoV-2 or SARS-CoV* or SARSCOV2 or SARSCOV-2 or

nCoV-2 or 2019-nCoV* or nCoV19* or nCoV2).mp. 242298

(covid19 or covid-19 or covid*).mp. 233333

lor2or6or7 269814

3 or 4 or ((((quality adj2 life) or QoL or health) adj1 related quality adj2 life) or

HRQoL).mp.394392

(8 and 9) not cancer not vaccin®* not child* not adolescent* not burnout not HIV.mp.

7449

limit 10 to yr="2019-2021" 6372

MH coronavirus infections or corona virus or corona* 10,982

AB severe acute respiratory syndrome coronavirus 3,719

MH severe acute respiratory syndrome 556

MH covid-19 or Covid19 or SARS-CoV* or SARS-CoV-2 or SARSCoV2 or SARSCOV-2 or
covid19 or covid* 50,545

AB ncov-2019 or nCoV-2 or 2019-nCoV* or nCoV2 8,774

AB nCov-2019 or nCoV-2 or 2019-nCov* or ncov2 8,570

MH fatigue or AB (fatigue or exhaustion or tiredness) or AB (health related quality of life
orhrqgol) 17,446

lor2or3or4or5or6not HIV not child* not adolescent® not vaccin* not

burnout 64,543

7 and 8 Limiters — published date: 20190101-20211231, English language 620
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Post-Covid19 fatigue

MEDRXIV & BIORXIV
For term "COVID-19 or SARS-CoV-2 or coronavirus AND fatigue or tired" and posted between "01 Jan,
2019 and 21 Dec, 2021”

Returned 2,172 results

COCHRANE LIBRARY

Title abstract keyword COVID-19 or covid19 or or covid-19 or covid* or “corona virus” or “coronavirus
infection” or “SARS CoV-2” or “SARS-CoV-2” or “SARS-CoV*” or “SARSCOV2” or “SARSCOV-2" or
“nCoV-2" or “2019-nCoV*” or nCoV2” or keyword “severe acute respiratory syndrome coronavirus”
AND fatigue or “chronic fatigue” or tired* or exhaust™ or “health related quality adj1 life” or HRQoL
Selected Facets: 2019-2021 (Publication date)

Returned 89 Cochrane Reviews

OPEN GREY

“COVID-19”

Returned 1,391 results
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of post-acute COVID 19: A narrative
review

review

-
g 8
BMJ Open S S
3 3
S S
a @
> 7
o N
—. O
S5 N
o n
c o
. . . o o
Supplementary file 3. Summary of systematic reviews 5 3
«Q
- @
Author Title Study Design Included Articles Follow-up Hme g Fatigue Prevalence &
N. S o Associations
') (o))
7)) >
Aiyegbusi et al. (2021) Symptoms, complications and Systematic review & 24 1 montg e 47% (Cl 31-63)
management of long COVID: a review Meta-analysis o M = 16 studies
Badenoch et al. (2021) Persistent neuropsychiatric symptoms Systematic review & 51 Mean 77 days (Ra@éh@sz) 24-4% (Cl 17-5-32.9)
after COVID-19: a systematic review and Meta-analysis - g B
meta-analysis °G 4
Cabera Martimbianco et al. (2021) Frequency, signs and symptoms, and Narrative systematic 25 Post-infection o@iis‘s?lgrge -
criteria adopted for long COVID-19: A review ;% =
systematic review 220
Cares-Marambio et al. (2021) Prevalence of long-term effects in Systematic review & 9 Post—dischaigg o 52% (Cl 0.38—0.66)
individuals diagnosed with COVID-19: a Meta-analysis ;”J’ o 3
living systematic review s =
Cha & Baek et al. (2021) Symptoms and management of long Scoping review 34 >4 weeg' § -
COVID: A scoping review S =
Chen et al. (2021) Global Prevalence of Post-Acute Sequelae Systematic review & 40 >28 da\??f .g Total (22 studies)
of COVID-19 (PASC) or Long COVID: A Meta-analysis > = 23 (C1 0.13-0.38)
Meta-Analysis and Systematic Review g g Hospitalised (8 studies)
S = 26 (C10.17-0.38)
Domingo et al. (2021) Prevalence of long-term effects in Living systematic 36 4-12 weeks 'g 4-12 weeks
individuals diagnosed with COVID-19: a review & Meta- > 12 wedRs =} 51%, (Cl: 39-64)
living systematic review analysis % g >12 weeks
Q = 47%, (Cl: 27-68)
Falk et al. (2021) Health-related quality of life issues, Narrative systematic 339 1-4 months post%iscﬁa’rge -
including symptoms, in patients with review = i
active COVID-19 or post COVID-19; a 2 g
systematic literature review -
Fernandez-de-Las-Penas et al. (2021) Prevalence of post-COVID-19 symptoms in | Systematic review & 33 30, 60, 90 days E}:bst-@rus 30 days
hospitalized and non-hospitalized COVID- Meta-analysis 8 N 11.7% (Cl 3.1-35.3)
19 survivors: A systematic review and g o 60 days
meta-analysis o B 56.2% (Cl 28.3-80.7)
» m > 90 days
o 35.3% (Cl 25.3-46.8)
Garg et al. (2021) The Conundrum of ‘Long-COVID-19": A Systematic Review 212 - 5 -
Narrative Review Q2
Gavriatopoulou et al. (2021) Epidemiology and organ specific sequelae Narrative Systematic 12 >4 weeks -
3
D)
=
=
@
m
N
~
_|
>
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S S
1 s 3
- N
2 = 9
3 Author Title Study Design Included Articles Follow-up ‘Bme g Fatigue Prevalence & P
4 N. 2 2 Associations
S ©
5 a 3
6 Hoshijima et al. (2021) Incidence of Long-term Post-acute Systematic review & 35 1 montgh © 45% (32-59%)
Sequelae of SARS-CoV-2 Infection Related Meta-analysis = g
7 to Pain and Other Symptoms: A Living (RAPID) 8 N
8 Systematic Review and Meta-analysis 8 2
9 Jennings et al. (2021) A systematic review of persistent Systematic review & 39 >4 weelg k= Symptoms (16 studies)
symptoms and residual abnormal Meta-analysis o M= 44% (Cl 10-71
1 O —+
1 functioning following acute COVID-19: g 8 B Ongoing Symptoms (19 studies
Ongoing symptomatic phase vs. post- =35 43% (Cl 5-83)
-I 2 o cC 00
COVID-19 syndrome ~ ¥ 5
13 Long et al. (2021) Follow-Ups on Persistent Symptoms and Systematic review & 16 >1 mon% o g 47%
14 Pulmonary Function Among Post-Acute Meta-analysis Post—dischg:g% =]
15 COVID-19 Patients: A Systematic Review 3 2 8
and Meta-Analysis aga
16 Malik et al. (2021) Post-acute COVID-19 syndrome (PCS) and Systematic review & 22 Post—CO\E"S:I S Pooled Total
17 health-related quality of life (HRQoL)—A Meta-analysis = 64%
3 o
18 systematic review and meta-analysis 5 3 Quality of life
19 5 = OR1.06 | .001
Q =
2 <3
0 Nasserie et al. (2021) Assessment of the Frequency and Variety Systematic review 45 2 montiE = Median 39.8% (IQR, 31.4-59.0%)
21 of Persistent Symptoms Among Patients g 5_ 25 studies
22 With COVID-19: A Systematic Review 5 5
23 Poudel et al. (2021) Impact of Covid-19 on health-related Rapid review 12 > 4 weeks post—d_i'schgge -
24 quality of life of patients: A structured b >
. Q o
review 5 3
25 Rao et al. (2021) Fatigue symptoms associated with COVID- Systematic review & 41 1-6 mon@'s : 1-2 months
26 19 in convalescent or recovered COVID-19 Meta-analysis Post—infecg’on o 52.7%
27 patients; a systematic review and meta- = 3 ER0.517
28 analysis 2 =) 2-3 months
@ 47.8%
29 8
E 5 ER0.527
30 8 I\f) Female Gender
31 o © OR 1.782
32 Rogers et al. Psychiatric and neuropsychiatric Meta-analysis 4 Post-illn%s B 61 (19.3%)
33 (2020) presentations associated with severe » m
34 coronavirus infections: A systematic I
review and meta-analysis with
O
35 comparison to the COVID-19 pandemic o0
36 Sanchez-Ramirez et al. (2021) Long-Term Impact of COVID-19: A Systematic review & 24 4 months 2 38%
37 Systematic Review of the Literature and Meta-analysis g 15 articles
- i D)
38 Meta-Analysis @D
39 Shanbehzadeh et al. (2021) Physical and mental health complications Scoping Systematic 34 3 months -
40 post-Covid-19: Scoping review Review %
N
41 o
42 >
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Wong et al. (2021)

Long COVID and Myalgic
Encephalomyelitis/Chronic Fatigue
Syndrome (ME/CFS)—A Systemic Review
and Comparison of Clinical Presentation
and Symptomatology

Narrative systematic
review
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>1mon

0% puIp

* jooyoasaboysnwseiq

‘saifojouyoal Jejiwis pue ‘Buluresy |y ‘Buluiw elep pue 1xa) 01 pale|pl sasn I
V11-739 swuedad e 520z ‘02 AelN uo jwod fwg uadolwaqy:diy woly papeojumod '£20Z 111dy 92 Uo 696£90-d202-uadolwg/9eT

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 81 of 113

oNOYTULT D WN =

Supplementary file 4. CASP quality assessments for all study designs

Cohort & cross-sectional

BMJ Open

Z20z-uadolwa/9eT

1sasn 10} Buprdul ‘yblukdoo Aq |

Study Did the Was the Was the Was the Have the Have authors | Was the Was the resgdts Can the Do the Are results Grade
study cohort exposure outcome authors taken follow up of follow-up of ciseg results be results fit relevant for
address a recruited in accurately accurately identified all account of participants participants g applied to with other clinical
clearly acceptable measured to measured to important confounding complete long enough? © the local available practice?
focused way? minimise minimise confounding factorsinthe | enough? g population? evidence?
issue? bias? bias? factors? design N

and/or <2
analysis? _g

Albu et al. 2021 Y ? Y Y N N - Y =M= ? Y ? 3

Amin-Chowdhury et al. 2021 \ Y \ N Y Y ? Y Vo O N y \ Y 2

Anaya et al. 2021 Y y Y N N ? - Y X230 Y y ? 3

Andrade Barreto et al. 2021 Y Y Y N ? ? - Y Yo & = Y Y Y 2

Aparisi et al. 2021 Y Y N Y N ? Y Y Yo o 8 Y Y Y 2

Aranda et al. 2021 Y Y N N Y Y Y Y Y=@Q = Y Y Y 2

Arnold et al. 2020 Y ? Y Y N N ? Y Y5 0 = Y y Y 2

Asadi-Pooya et al. 2021 Y Y Y N Y Y - Y = 2 Y Y ? 2

Augustin et al. 2021 Y ? Y N ? N N Y Y‘g'_;'g D Y Y Y 2

Aul etal. 2021 Y Y Y Y Y Y - ? Y _: Y Y Y 2

Aydin et al. 2021 Y Y Y N N N Y Y 3 o Y Y ? 2

Bai et al. 2021 Y Y Y N Y Y Y Y EEE] Y Y N 2

Bardakei et al 2021 Y Y Y Y N N Y Y B = Y Y Y 2

Barizien et al. 2021 Y Y Y Y ? ? Y Y W © ) Y Y 2

Becker et al. 2021 Y ? Y N Y Y N Y = = Y Y N 3

Bek et al. 2021 Y Y Y Y ? ? Y Y Yo 3 Y Y ? 2

Bottemanne et al. 2021 Y Y ? N Y Y Y Y Y3, O Y Y ? 2

Chen, Li et al. 2020 Y Y Y Y ? Y - Y 2 o ? N ? 2

Bell etal. 2021 Y Y Y N ? Y N Y v, o Y Y Y 2

Bliddal et al. 2021 Y Y Y N Y Y N Y Yg_ 3 Y Y ? 2

Boari et al. 2021 Y Y Y N ? ? Y Y Y, = Y Y Y 2

Boes| et al. 2021 Y Y Y Y Y Y Y Y 59 Y Y Y 2

Boscolo-Rizzo et al. 2021 Y Y Y N Y Y Y Y Y= = Y Y Y 2

Bozzetti et al. 2021 Y Y Y N N N N Y =~ 0O Y Y Y 2

Cao et al. 2021 Y \ Y Y \ Y \ Y Yo = \ \ Y 1

Carfi et al. 2020 ? Y N ? N N Y Y =9 Y Y Y 3

Carvalho-Schneider et al. 2021 )\ \ Y N ? N A Y Yo ') Y Y Y 2

Catalan et al. 2021 Y Y Y Y ? ? A Y \22 o Y ? ? 2

Chen etal. 2020 Y Y Y Y Y Y ? Y = N Y N ? 2

Chopra et al. 2021 Y Y Y N ? Y Y Y Yon Y Y Y 2

Clavario et al. 2020 Y Y Y N Y Y Y Y ? o) Y Y ? 2

Creamer et al. 2021 \ Y Y ? N N ? Y \ ; \ Y N 2

Daher et al. 2020 Y Y Y Y N N Y Y Y _"E Y N ? 2

Dalbosco-Salas et al. 2021 Y Y Y ? Y Y Y Y Y 28} ? ? Y 2

Danesh et al. 2021 Y ? Y N ? ? - Y ? 3 Y Y Y 3

Darley et al. 2021 Y Y Y Y ? Y Y Y N g Y Y Y 2

Daugherty et al. 2021 Y Y Y Y Y Y - Y Y - Y Y Y 1

Daynes et al. 2021 \ ? ? \ N N Y Y \ % ? Y ? 2

D’Cruz et al. 2020 Y Y Y Y Y Y Y Y Y ’.\l Y Y Y 2

Dennis et al. 2021 Y Y Y Y Y Y Y Y Y : Y Y Y 1

Desgranges et al. 2021 Y Y Y N Y \ Y Y N > Y Y ? 2
Y A Y Y ? Y A Y 2

Dini et al. 2021

N

P

P
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Study Did the Was the Was the Was the Have the Have authors | Was the Was the ATk res_gts Can the Do the Are results Grade
study cohort exposure outcome authors taken follow up of follow-up of ﬁ%cisezli results be results fit relevant for
address a recruited in accurately accurately identified all account of participants participants -:' B applied to with other clinical
clearly acceptable measured to measured to important confounding complete long enough? > N the local available practice?
focused way? minimise minimise confounding factors in the | enough? ;—’ g population? evidence?
issue? bias? bias? factors? design o o
and/or =2 %
) Q o
analysis? - O
Donaghy et al. 2021 Y Y Y Y N N Y Y = o ? ? N 3
Eloy et al. 2021 Y Y Y N Y Y Y Y AN Y Y Y 2
Evans et al. 2021 Y Y Y Y Y Y Y Y YSE & Y Y Y 1
Fang et al. 2021 Y ? Y Y Y Y Y Y Y= -g Y Y N 2
Fatima et al. 2021 Y v Y N N N Y Y o M= Y v ? 3
Fernandez-de-Las-Penas et al. Y Y Y Y Y Y Y Y Y‘g 8 B Y Y Y 1
2021 23
Ferraro et al. 2020 Y ? Y Y N N Y ? yo &~ ? N N 3
Fortini et al. 2021 Y Y Y N Y Y Y Y R Y Y Y 2
Froidure et al. 2021 Y Y \ Y Y Y Y Y Y—~@Q £ Y Y \ 2
Frontera et al. 2021 Y Y Y ? ? Y Y Y Y5 0 = Y Y Y 2
Gamberini et al. 2021 Y Y ? Y Y Y Y Y = Y Y N 2
Ganesh et al. 2021 Y v Y Y ? N - Y o Q@ Y Y Y 2
Garcia-Abellan et al. 2021 Y Y Y N Y Y Y Y O : Y Y Y 2
Garrigues et al. 2020 Y Y Y N N N - Y Y3 o Y Y Y 2
Gautam etal. 2021 Y Y Y N N N v Y = S v Y v 2
Gebhard et al. 2021 Y Y Y N Y Y Y Y a = Y Y ? 2
Goertz et al. 2019 Y Y Y N Y Y Y Y w O Y N y 3
Gonzalez-Hermosillo et al. 2021 Y Y Y N ? Y Y Y - = Y Y Y 2
Graham et al. 2021 Y Y Y Y Y Y Y Y ENE Y Y ? 2
Guo et al. 2020 Y Y Y Y Y Y N Y Y3, O Y Y ? 2
Gupta et al. 2021 Y Y Y N N N Y Y =2 o Y v Y 2
Halpin et al. 2020 Y Y Y N N N - Y v, o Y Y Y 2
Heightman et al. 2021 Y Y Y Y Y Y Y Y Yé 3 Y Y ? 2
Hellemons et al. 2021 Y Y Y Y ? Y Y Y Yo o Y Y Y 2
Henneghan et al. 2021 Y Y Y Y N N - - Y3 © Y Y Y 2
Hossain et al. 2021 Y Y Y N Y Y N Y = = Y Y Y 2
Horwitz et al. 2021 Y Y Y Y ? N Y Y Y= 2 Y Y Y 2
Igbal et al. 2021 Y \ Y N ? N Y X = \ \ Y 2
Jacobs et al. 2020 Y Y Y Y ? Y Y Y =2 2 Y Y Y 2
Kanberg et al. 2021 Y Y Y N Y Y A Y 0 ') Y Y Y 2
Karaarslan et al. 2021 Y Y Y N Y Y Y Y Yo IS Y Y Y 2
Kashif et al. 2021 Y Y Y N ? N Y Y N ? Y Y 2
Kayaaslan et al. 2021 Y Y Y N Y Y ? Y XN Y Y ? 2
Kedor et al. 2021 Y ? Y Y N N Y Y Y Q ? A ? 3
Khalaf et al. 2021 Y ? Y N ? Y - Y ? O Y Y Y 2
Kozak et al. 2021 Y \ Y N \ N - Y Y o0 \ \ Y 2
Labarca et al. 2021 Y Y Y Y Y Y - Y Y o8} Y Y Y 2
Latronico et al. 2021 Y Y Y Y N N N Y Y =1 Y Y ? 2
Lemhofer et al. 2021 Y A Y Y N N - Y ? g Y Y ? 2
Leth et al. 2021 Y Y Y N Y Y Y Y ? — Y Y Y 2
Liang et al. 2020 Y Y Y N Y Y Y Y Y 9 Y Y ? 2
Lindahl et al. 2021 Y Y Y Y ? Y Y Y Y N Y Y Y 2
Liu, Wu et al. 2021 Y Y Y Y ? Y Y Y Y - Y Y Y 2
Liu, Lee et al. 2021 Y Y Y N Y Y Y Y Y > Y Y Y 2
Liyanage-Don et al. 2021 Y Y ? N Y Y - Y Y Y Y Y 3
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13 azza et al. 202' 21 Y a 9 population? available clinical
Menge 1 Y Y \ N Y Y Y 5 @ g aviide practi
14 irf setal. 2021 v v v v v v N v «Q g nce? tice?
irfazeli . o
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16 Molnar et al 2020 Y Y Y Y N ? Y ? T o Y
17 Voradian et 2021 Y Y Y v N N Y N w9 Y Y
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20 Naik et al 23 .2021 v v Y Y N Y Y Y IR Y v ? 2
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23 O'Keefe et |021 v Y Y N N Y - Y EE= Y Y Y 2
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study cohort exposure outcome authors taken follow up of follow-up of ﬁ%cisezli results be results fit relevant for
address a recruited in accurately accurately identified all account of participants participants -:' B applied to with other clinical
clearly acceptable measured to measured to important confounding complete long enough? > N the local available practice?
focused way? minimise minimise confounding factors in the | enough? ;—’ g population? evidence?
issue? bias? bias? factors? design o o
and/or =2 %
; Q o
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Soraas et al. 2021 Y Y Y N Y Y Y Y Y= =) Y Y ? 2
Staudt et al. 2021 Y Y Y N Y Y Y Y N Y Y Y 2
Stavem et al. 2021 Y Y Y Y Y Y Y Y YSE & Y Y Y 2
Steinbeis et al. 2022 Y Y Y N Y Y Y Y = -g Y Y Y 2
Strumiliene et al. 2021 Y v Y ? N N ? Y Yo M= Y v Y 2
Suarez-Robles 2020 Y Y Y N N N - Y o RN Y Y Y 2
Sultana et al. 2021 )\ \ Y N Y \ - Y Y3 N ? ? N 3
Sun et al. 2021 Y v Y N Y v Y o S Y v Y 2
Sykes et al. 2021 Y Y Y N ? Y - Y @ 2' g Y \ Y 3
Szekely et al. 2021 Y Y Y N Y Y Y Y y—~Q = Y Y Y 2
Taboada et al. 2021 Y Y Y N N N Y Y 5 0 = Y Y Y 2
Taylor et al. 2021 Y Y ? N N N ? Y Y;' s Y Y Y 2
Tessitore et al. 2021 Y Y Y Y ? n v Y S Y Y Y 2
Tleyjeh et al. 2021 Y Y Y N Y Y Y Y yw T o, Y Y Y 2
Tiwari et al. 2021 Y Y Y N N N - Y ElE Y Y Y 3
Tomasoni et al. 2021 Y Y Y N Y Y - Y y=. 3 Y Y Y 2
Tosato et al. 2021 Y Y ? N Y Y Y Y a = N Y Y 2
Townsend et al. 2020 Y v Y Y y Y ? Y Yo © Y v Y 2
Valent et al. 2020 Y Y ? Y N N - Y 2 S y Y y 2
van den Borst et al. 2021 Y Y Y Y N N Y Y YS 3 ? Y Y 2
Vanichkachorn et al. 2021 )\ ? Y ? N N )\ Y 2. 9O A )\ ? 3
van der Sar-van der Brugge et al. Y Y Y Y N N ? Y \(g g Y Y Y 2
2021 N
van Veenendaal et al. 2021 Y Y Y N N N Y Y Yé 3 Y Y N 2
Varghese et al. 2021 Y Y Y N N N Y Y y o Y Y Y 2
Venturelli et al. 2021 Y Y Y Y N N Y Y3 © Y Y Y 2
Voruz et al. 2021 Y Y Y Y Y Y - Y Y= = ? Y ? 2
Wang et al. 2021 Y ? Y ? N N ? Y Y= 3 Y Y N 3
Weerahandi et al. 2020 )\ \ Y N N N \ ? Yo = Y \ ? 3
Wong-Chew et al. 2022 )\ Y Y N ? Y N Y =2 2 Y Y Y 2
Wu et al. 2021 Y Y Y N N N N Y Ys N Y Y Y 3
Yildirim et al. 2021 Y Y Y Y Y Y N Y \fg o Y Y ? 2
Yomogida et al. 2021 Y Y Y N Y Y Y Y Yo g Y Y Y 2
Zayat et al. 2021 Y Y Y N N N - Y ywoon ? Y Y 2
Zhang et al. 2021 Y A Y N Y Y Y Y Y Q Y A Y 2
Zhao et al. 2021 Y Y Y Y Y Y N Y Y O ? Y Y 2
Zulu et al. 2021 Y \ Y N \ Y - Y Y o0 ? \ ? 2
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address a appropriate to recruited in an selected in an exposure groups treated | confounding results N be applied to the | fit with
clearly focused | answer the acceptable way? acceptable measured to equally? factors taken credible? : local population? | existing
question? question? way? minimise bias? account of in the > evidence?
design/analysis?
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1
2
3
4 .
Study Events  Total Proportion 95%—Cl
5
Albu et al. 2021 26 30 0.87 [0.69; 0.96]
6 Andrade Barreto et al. 2021 371 602 0.62 [0.58; 0.66]
Aparisi et al. 2021 20 70 0.29 [0.18;0.41
7
Arnold et al. 2020 43 110 0.39 [0.30; 0.49]
8 Asadi-Pooya et al. 2021 859 2685 0.32 [0.30; 0.34]
Aul et al. 2021 165 366 0.45 [0.40; 0.50]
9 Aydin et al. 2021 29 116 0.25 [0.17;0.34]
10 Bai et al. 2021 149 377 0.40 [0.35; 0.45]
Bek et al. 2021 248 385 0.64 [0.59; 0.69]
11 Bell et al. 2021 57 121 0.47 [0.38; 0.56]
Bliddal et al. 2021 21 129 0.16 [0.10; 0.24]
12 Boesi et al. 2021 67 100 0.67 [0.57;0.76]
13 Bottemanne et al. 2021 38 82 0.46 [0.35; 0.58]
Cao et al. 2021 5 62 0.08 [0.03;0.18]
14 Carfi et al. 2020 76 143 0.53 [0.45; 0.62]
Carvalho-Schneider et al 2021 52 130 0.40 [0.32;0.49]
15 Castro et al. 2021 721 6619 0.11 [0.10;0.12]
16 Chopra et al. 2021 12 53 0.23 [0.12; 0.36]
Clavario et al. 2020 54 110 0.49 [0.39; 0.59]
17 Creamer et al. 2021 14 57 0.25 [0.14;0.38]
Daher et al. 2020 15 33 0.45 [0.28;0.64]
1 8 Danesh et al. 2021 32 62 0.52 [0.39; 0.65]
19 D'Cruz et al. 2020 78 115 0.68 [0.58;0.76]
Desgranges et al. 2021 132 413 0.32 [0.27;0.37]
20 Fatima et al. 2021 90 160 0.56 [0.48; 0.64]
Ferraro et al. 2020 6 7 0.86 [0.42;1.00]
21 Froidure et al. 2021 32 126 0.25 [0.18;0.34]
22 Garcia—-Abellan et al. 2021 42 76 0.55 [0.43;0.67]
Garrigues et al. 2020 66 120 0.55 [0.46; 0.64]
23 Goertz et al. 2020 398 457 0.87 [0.84;0.90]
Gonzalez-Hermosillo et al. 2021 69 130 0.53 [0.44;0.62]
24 Gupta et al. 2021 51 123 0.41 [0.33;0.51]
25 Halpin et al 2020 64 100 0.64 [0.54;0.73]
Heightman et al. 2021 644 1325 0.49 [0.46; 0.51]
26 Hossain et al. 2021 295 356 0.83 [0.79;0.87]
27 Igbal et al. 2021 131 158 0.83 [0.76; 0.88]
Jacobs et al. 2021 82 149 0.55 [0.47;0.63]
28 Karaarslan et al. 2021 133 300 0.44 [0.39; 0.50]
Kashif et al. 2021 101 242 0.42 [0.35;0.48]
29 Khalaf et al. 2021 318 538 0.59 [0.55; 0.63]
Kozak et al. 2021 31 62 0.50 [0.37;0.63]
30 Lemhofer et al. 2021 137 365 0.38 [0.33;0.43]
Leth et al. 2021 31 49 0.63 [0.48;0.77]
31 Liang et al. 2020 45 76 0.59 [0.47;0.70]
32 Liu et al. 2021 48 502 0.10 [0.07;0.12]
Liyanage-Don et al. 2021 31 153 0.20 [0.14;0.28]
33 Maamar et al. 2021 52 121 0.43 [0.34;0.52]
34 Mahmud et al. 2021 117 355 0.33 [0.28;0.38]
Mandal et al. 2020 265 384 0.69 [0.64; 0.74]
35 Miyazato et al. 2020 6 63 0.10 [0.04; 0.20]
Molnar et al. 2021 69 101 0.68 [0.58;0.77]
36 Moradian et al. 2020 39 200 0.20 [0.14; 0.26]
37 Moreno—-Perez et al. 2021 96 277 0.35 [0.29;0.41]
38 Morin et al. 2021 134 431 0.31 [0.27;0.36]
Naik et al. 2021 46 1234 0.04 [0.03;0.05]
Poyraz et al. 2021 47 118 0.40 [0.31;0.49]
39 Raman et al. 2020 32 58 0.55 [0.42; 0.68]
40 Righi et al. 2021 7 83 0.08 [0.03;0.17]
Rosales—-Castilo et a. 2021 23 74 0.31 [0.21;0.43]
41 Sami et al. 2021 50 452 0.11 [0.08;0.14]
Sathyamurthy et al. 2021 25 279 0.09 [0.06; 0.13]
42 Savarraj et al. 2021 19 45 0.42 [0.28;0.58]
43 Shoucri et al. 2021 44 488 0.09 [0.07;0.12]
Senjam et al. 2021 204 257 0.79 [0.74;0.84]
44 Silva et al. 2021 38 87 0.44 [0.33;0.55]
Smet et al. 2021 90 137 0.66 [0.57;0.74]
45 Sollini et al. 2021 8 13 062 [0.32:086]
46 Soraas et al. 2021 155 676 0.23 [0.20; 0.26]
Stavem et al. 2021 211 458 0.46 [0.41;0.51]
47 Strumiliene et al. 2021 35 51 0.69 [0.54;0.81]
Suarez-Robles et al. 2021 73 134 0.54 [0.46; 0.63]
48 Sultana et al. 2021 15 186 0.08 [0.05;0.13]
49 Sun et al. 2021 17 932 0.02 [0.01;0.03]
Sykes et al. 2021 53 134 0.40 [0.31;0.48]
50 Szekely et al. 2021 24 71 0.34 [0.23;0.46]
Taylor et al. 2021 475 675 0.70 [0.67;0.74]
51 Tiwari et al. 2021 17 132 0.13 [0.08; 0.20]
52 Tomasoni et al. 2021 33 105 0.31 [0.23;0.41]
Tosato et al. 2021 104 137 0.76 [0.68; 0.83]
53 Townsend et al 2020 67 128 0.52 [0.43;0.61]
van den Borst et al. 2021 86 124 0.69 [0.60; 0.77]
54 Vanichkachorn et al. 2021 80 100 0.80 [0.71;0.87]
55 Venturelli et al. 2021 337 767 0.44 [0.40; 0.48]
Wong-Chew et al. 2022 299 928 0.32 [0.29; 0.35]
56 Yomogida et al. 2021 62 366 0.17 [0.13;0.21]
Zhou et al. 2021 6 15 0.40 [0.16; 0.68]
57 Zulu et al. 2020 4 27 0.15 [0.04; 0.34]
58 Random effects model 29947 — 0.40 [0.35; 0.46)
59 Heterogeneity: 12 = 99%, 12 = 1.2882, p=0 I T T 1
0.2 0.4 0.6 0.8
60
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1
2
3
4
5
6
7
8
9
10
11 Study Events  Total Proportion 95%-—ClI
12 Agergaard et al. 2021 18 20 : —_— 0.90 [0.68; 0.99
Amin—-Chowdhury et al. 2021 55 140 —— 0.39 [0.31;0.48
13 Anaya et al. 202 34 100 — 0.34 [0.25; 0.44
14 Aranda et al. 2021 51 113 —— 0.45 [0.36; 0.55
Augustin et al. 2021 43 442 = : 0.10 [0.07;0.13
15 Barizien et al. 2021 12 27 —_— 0.44 [0.25; 0.65
Becker et al. 2021 41 90 —— 0.46 [0.35; 0.56
16 Bek et al. 2021 291 483 : —- 0.60 [0.56; 0.65
17 Boari et al. 2021 47 91 —— 0.52 [0.41;0.62
Boscolo—-Rizzo et al. 2021 83 304 —&— 0.27 [0.22;0.33
18 Bozzetti et al. 2021 28 49 L 0.57 [0.42;0.71
Castro et al. 2021 721 6619 : 0.11 [0.10;0.12
19 Catalan et al. 2021 30 76 — 0.39 [0.28;0.51
20 Chen LI et al. 2021 137 715 = : 0.19 [0.16;0.22
Darley et al. 2021 15 66 —a— 0.23 [0.13;0.35
21 Dennis et al. 2021 197 201 : = 0.98 [0.95; 0.99
Dini et al 2021 36 50 : —— 0.72 [0.58; 0.84
22 Eloy et al. 2021 159 324 D —a— 0.49 [0.44;0.55
23 Fang et al. 2021 399 1233 - 0.32 [0.30; 0.35
Fernandez-de-Las—Penas et al. 2021 697 1142 : - 0.61 [0.58;0.64
24 Fortini et al. 2021 25 59 — 0.42 [0.30; 0.56
Frontera et al. 2021 98 272 —— 0.36 [0.30; 0.42
25 Ganesh et al. 2021 132 817 - : 0.16 [0.14;0.19
26 Garcia—Abellan et al. 2021 12 116 —&— : 0.10 [0.05;0.17
Gautam et al. 2021 77 144 . — 0.53 [0.45;0.62
27 Gebhard et al. 2021 84 1024 = : 0.08 [0.07;0.10
Gonzalez—Hermosillo et al. 2021 61 130 —a— 0.47 10.38; 0.56
28 Graham et al. 2021 43 50 : —a— 0.86 [0.73;0.94
29 Hellemons et al. 2021 32 63 — 0.51 [0.38;0.64
Horwitz et al. 2021 107 126 : —— 0.85 [0.77;0.91
30 Kanberg et al. 2021 41 100 — 0.41 [0.31;0.51
Labarca et al. 2021 25 60 — 0.42 [0.29; 0.55
31 Lindahl et al. 2021 75 95 ; — 0.79 [0.69; 0.87
32 Logue et al. 2021 24 177 —a— : 0.14 [0.09; 0.20
Lombardo et al. 2021 158 303 L —— 0.52 [0.46; 0.58
33 Mazza et al. 2021 63 192 —— 0.33 [0.26; 0.40
Menges et al. 2021 233 426 : —— 0.55 [0.50; 0.59
34 Mirfazeli et al. 2021 48 94 —a— 0.51 [0.41;0.62
35 Munblit et al. 2021 551 2599 = : 0.21 [0.20; 0.23
Nehme et al. 2021 85 410 - 0.21 [0.17;0.25
36 Noviello et al. 2021 52 164 —a— 0.32 [0.25;0.39
Nune et al. 2021 24 41 L 0.59 [0.42;0.74
37 O'Keefe et al. 2021 59 290 —-— : 0.20 [0.16;0.25
38 Pauley et al. 2021 3 29 —m— : 0.10 [0.02;0.27
Peghin et al. 2021 78 599 - : 0.13 [0.10; 0.16
39 Perez-Gonzalez et al. 2021 40 248 —— 0.16 [0.12;0.21
Pilotto et al.2021 56 165 —a— 0.34 [0.27;0.42
40 Rauch et al. 2021 32 127 —a— 0.25 [0.18;0.34
41 Romero—Duarte et al. 2021 176 797 - 0.22 [0.19;0.25
Scherlinger et al. 2021 25 30 : —_—— 0.83 [0.65;0.94
42 Seeflle et al. 2021 51 96 L — 0.53 [0.43;0.63
Shang et al. 2021 201 796 - : 0.25 [0.22;0.28
43 Shendy et al. 2021 52 81 : —a 0.64 [0.53;0.75
44 Shoucri et al. 2021 38 364 & : 0.10 [0.07;0.14
Sigfrid et al. 2021 255 308 : —a— 0.83 [0.78;0.87
45 Staudt et al. 2021 50 101 —a 0.50 [0.39; 0.60
Steinbeis et al. 2022 44 72 : —a— 0.61 [0.49;0.72
46 Taboada et al. 2021 34 91 — 0.37 [0.27;0.48
47 Tessitore et al. 2021 45 165 —a— 0.27 [0.21;0.35
Tleyjeh et al. 2021 66 222 —a— 0.30 [0.24;0.36
48 van Veenendaal et al. 2021 16 50 —a— 0.32 [0.20; 0.47
Voruz et al. 2021 6 45 —8— : 0.13 [0.05;0.27
49 Wang et al. 2021 53 126 —e— 0.42 [0.33;0.51
50 Wu et al. 2021 13 54 —a— 0.24 [0.13;0.38
Zayat et al. 2021 68 127 . — 0.54 [0.44;0.62
51 Zhang et al. 2021 674 2433 = ; 0.28 [0.26; 0.30
andom effects mode — . .33; 0.
52 Random eff del 27163 0.39 [0.33;0.46
53 Heterogeneity: 12 = 99%, 1> = 1.2522,p = 0 I T T 1
54 0.2 0.4 0.6 0.8
55
56
57
58
59
60
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Aparisi et al. 2021
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Aul et al. 2021

Aydin et al. 2021

Bai et al. 2021
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Bek et al. 2021

Bell et al. 2021
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Boscolo-Rizzo et al. 2021
Bottemanne et al. 2021
Bozzetti et al. 2021

Cao et al. 2021
Carvalho-Schneider et al 2021
Castro et al. 2021
Catalan et al. 2021

Chen LI et al. 2021
Chopra et al. 2021
Clavario et al. 2020
Creamer et al. 2021
Dabher et al. 2020

Darley et al. 2021
D'Cruz et al. 2020
Dennis et al. 2021
Desgranges et al. 2021
Dini et al 2021

Eloy et al. 2021

Fang et al. 2021
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Fortini et al. 2021
Froidure et al. 2021
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Ganesh et al. 2021
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Gautam et al. 2021
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Graham et al. 2021
Gupta et al. 2021

Halpin et al 2020
Heightman et al. 2021
Hellemons et al. 2021
Horwitz et al. 2021
Hossain et al. 2021

Igbal et al. 2021

Jacobs et al. 2021
Kanberg et al. 2021
Karaarslan et al. 2021
Kashif et al. 2021

Khalaf et al. 2021

Kozak et al. 2021
Labarca et al. 2021
Lemhofer et al. 2021
Leth et al. 2021

Liang et al. 2020

Lindahl et al. 2021

Liu et al. 2021

Logue et al. 2021
Lombardo et al. 2021
Maamar et al. 2021
Mahmud et al. 2021
Mandal et al. 2020
Mazza et al. 2021
Menges et al. 2021
Mirfazeli et al. 2021
Molnar et al. 2021
Moradian et al. 2020
Morano-Perez et al. 2021
Morin et al. 2021

Munblit et al. 2021
Nehme et al. 2021
Noviello et al. 2021
Nune et al. 2021
O'Keefe et al. 2021
Pauley et al. 2021
Peghin et al. 2021

Piotto et al.2021

Poyraz et al. 2021
Raman et al. 2020
Rauch et al. 2021

Righi et al. 2021
Romero-Duarte et al. 2021
Sami et al. 2021
Sathyamurthy et al. 2021
Scherlinger et al. 2021
Shoucri et al. 2021
SeeBle et al. 2021
Senjam et al. 2021
Shang et al. 2021

Sigfrid et al. 2021

Silva et al. 2021

Soraas et al. 2021
Staudt et al. 2021
Stavem et al. 2021
Steinbeis et al. 2022
Strumiliene et al. 2021
Suarez-Robles et al. 2021
Sun et al. 2021

Szekely et al. 2021
Taboada et al. 2021
Taylor et al. 2021
Tessitore et al. 2021
Tleyjeh et al. 2021
Tomasoni et al. 2021
Tosato et al. 2021
Townsend et al 2020
van den Borst et al. 2021
van Veenendaal et al. 2021
Venturelli et al. 2021
Voruz et al. 2021
Wong-Chew et al. 2022
Zayat et al. 2021

Zhang et al. 2021

Zulu et al. 2020

Random effects model
Heterogeneity: 12 = 99%, 12 = 1.2023, p = 0
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Events  Total

18 20
55 140
371 602
20 70
51 113
43 110
43 442
165 366
29 116
149 377
12 39
248 385
21 87
21 129
47 91
67 100
83 304
38 82
28 49
5 62
52 130
721 6619
30 76
137 715
12 53
54 110
14 57
15 33
15 66
81 119
197 201
132 413
36 50
152 324
9 1233
697 1142
5 59
32 126
98 272
132 817
12 116
66 120
77 144
84 1024
61 130
85 100
51 123
64 100
644 1325
32 63
107 126
295 356
131 158
82 149
41 100
133 300
101 242
318 538
31 62
25 60
137 365
32 49
45 76
75 95
48 502
24 177
158 303
52 121
117 355
265 384
63 192
233 426
48 94
69 101
39 200
96 277
1 431
551 2599
85 410
52 164
24 41
59 290
3 29
78 599
56 165
47 118
32 58
32 127
83
176 797
50 452
25 279
25 30
44 488
51 96
204 257
201 796
255 308
38 87
155 676
50 101
211 458
44 72
35 51
73 134
17 932
24 71
34 91
475 675
45 165
66 222
33 105
104 137
67 128
86 124
16 50
337 767
6 45
299 928
127
674 2433
27
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Table of reported risk factors for fatigue > 7
Author (year), country Setting Study Design Sample (n) Follow-up Fatigue Scale Risk Factors ©_, 8 Risk Factor p
Time 2 N n. (%), OR, RR, Median (IQR)
S o
Agergaard et al. (2021) Outpatients Case-control 20 77-255 days Questionnaire %/Iyog?athy 11 (100)
Denmark N@myo@thy 3(33) <.05
Y ©
= 8 RR 3.27
Albu et al. (2021) Outpatients Cross-sectional 30 >3 months MFIS ICU o N
Spain ovdall Fafigue | 13(81.2)
Physicgl actwgities | 80.55 0.28
Cognitigg BBtimities | 72.5 0.28
Psychosocgl Fthaties | 20 0.40
No ICU 23R
OvémifFatigue | 13(92.8)
Physical mgfties 81.9
Cognitive Rtwities | 73.75
Psychosoc) 8t'aities 35
Depression o g_%g
Phygeabf ue | r=.490 <.001
Cognigv&ssBigue | r=.490 <.001
Sagial fag'gue r=.540 <.001
Anxiety ) 5: | fg
Physial faggue | r=.270 NS
Cognffive f&figue | r=.270 NS
o)
Sceial faggue r=.340 NS
Sleep qualit = O
p quality A
Phy&kal faBigue | r=.640 <.001
Cogngve f@gue r=.640 <.001
Savial f@Bigue | r=.620 <.001
Amin-Chowdhury et al. (2021) Survey Prospective 1,671 7 months ADQ Gender (F) },_, ox OR=2.22 <.001
UK cohort Comorbidities a 3 OR=1.98 <.001
®w__Qo
Anaya et al. (2021) Survey Case series 100 219 days Questionnaire Disease severity 3 o
Colombia ghbuétory 9 (25.7) 0.407
5 5 | oo
D r-glca 0(41.7)
> Q
Andrade Barreto et al. (2021) Outpatients Cross-sectional 602 > 1 month Questionnaire Mild disease 8 :)
Brazil O Fémale | 133(73.5)
% Wiale | 33 (55.9) 011
Moderate disease n 8
Féfhale | 59 (62.1)
Fale | 30(41.1) .007
Severe disease g
Fé&nal 53 . .
Shale (67.1) 086
Male | 63 (54.8)
Quality of life (Total) g B=-8.28 <.001
S
Aparisi et al. (2021) Outpatients Prospective 70 3 months Clinical Persistent dyspnoea 5 17 (41.5) 0.005
Italy cohort assessment for Residual dyspnoea m 3(10.3)
symptom ’.\‘
burden :
>
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Author (year), country Setting Study Design Sample (n) Follow-up Fatigue Scale Risk Factors ‘g ‘::5 Risk Factor p
Time -:" B n. (%), OR, RR, Median (IQR)
S N
Arnold et al. (2020) Outpatients Prospective 110 8-12 weeks ADQ Disease severity & excessingati@e
UK cohort S 9wild | 7/27 (26%) NR
gModgate 26/65 (40%)
_. Sayere | 10/18 (56%)
Disease severity & vitality e o M (SD)
< Jitd | 43 (20)
mModerate | 49 (22)
@ sEpere | 36 (24)
@ m=.
Aul et al. (2021) Survey Cross-sectional 387 6 weeks Questionnaire Age % N ;
UK o ‘ét@ue 61 (49-72) 0.12
SNefdtgue | 64 (50-76)
Gender (M) = 20
X g%gue 89 (42.8) 0.40
alNepfadigue | 119 (57.2)
BMI 292 S
o Fatigue | 26.5(23.5-30) .035
INSffBgue | 28.9(23.9-32.7)
Icu 2
3¢ gue | 49 (59) .003
o fatigue | 34 (41)
Intubated cg\l ;:ig
3> FdBgue | 40(67.8) <.001
No faggue | 19(32.2)
Days intubated o 3
S Fadigue | 22 (11-45) 097
Qo fapgue | 17 (7-26)
Lymphocytes (10°/L) - :
2 r&Zgue | 0.7(0.5-1.0) 0.64
No fafigue | 0.7 (0.5-1.0)
Peak WBC (10°%/L) 2 3
i FaBgue | 10.1(7.1-15.6) 0.37
o faggue | 9.8(7.2-13.7)
Peak CRP (mg/L) T S
g_ F £ ue | 147 (81-276) .081
No fedigue | 133 (73-212)
Peak ferritin (png/L) % B
Q@ Fatigue | 999 (562-2053.5) .68
g\lo faINgue 961.5 (559-1625)
. (6]
Peak D-dimer (ng/ml) o)
Fatigue 1122 (326-3821) .138
No ffBgue | 657.5(328-2473)
&
High risk inpatient CXR g
Fatigue | 83(55.7) NS
No faBigue | 78 (47.9)
Q) OR7.04
Post-COVID fibrosis M 167
Ethnicity - - NS
d .001
Augustin et al. (2021) Outpatients Prospective 958 4, 7 months ADQ 1gG Levels i
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Author (year), country Setting Study Design Sample (n) Follow-up Fatigue Scale Risk Factors ‘g ‘::5 Risk Factor p
Time o B n. (%), OR, RR, Median (IQR)
S5 N
Germany cohort gLowgl.l NR NR
Madium@2-4 | NR NR
> Hi§ >4 | NR NR
«Q
Gender - O
©  ®™ale | 13/353(8.6%) NR
c  Fépgale | 37/353 (18.3%)
Aydin et al. (2021) Outpatients Cohort 116 44 days ADQ Gender (F) o o) OR=1.8 .008
Turkey 2 _,:E
Bai et al. (2021) Outpatients Prospective 377 102 days Clinical Gender ol m=
Italy cohort interview % demples | 75/137 (54.7) .001
a g Rles | 74/240 (30.8)
Long-Covid ocw
= @ g No | 20/117(17.1) 732
XS ZYes | 39/260(15)
QMDD
Barizien et al. (2021) Outpatients Prospective 39 7 months Clinician Fatigued v Not fatigued 5_’ b 8
France cohort assessment Q g QAge .085
LadE (F) .059
Physical co%orbiﬁ:‘ties NS
Loss of taste & gmell .951
Weight (beforg& cugent) NS
©Q@ Height .499
BMI (beforep cugent) NS
Loss of wight .632
Heartgate (BPM) .708
Blo&¥| pressure NS
NJIMEGEN Brore .002
“PTSD Store .001
30s of up owfgtest .192
02 sa@-ratitm-(%) 663
Months sin 'diag(gosis .157
Systolic & _ast(ﬁc BP NS
2 o
Becker et al. (2021) Outpatients Prospective 90 12 mon