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Abstract

Background: Limited evidence exists on sex differences in post-COVID fatigue among

non-hospitalized patients. Therefore, aim of the study was to evaluate the course of

chronic fatigue symptoms in non-hospitalized subjects with the SARS-CoV-2 infection,

according to sex.

Methods: Patients and staff from the University Hospital in Krakow anonymously

and retrospectively completed neuropsychological questionnaire that included eight

symptoms of chronic fatigue syndrome. The presence of these symptomswas assessed

before COVID-19 and 0–4, 4–12, and >12 weeks postinfection. The inclusion criteria

were as follows: age 18 or more years, >12 weeks since the onset of the SARS-CoV-2

infection, and diagnosis confirmed by the RT-PCR from anasopharyngeal swab.

Results: We included 303 patients (79.53% women, 47.52% medical personnel)

assessed retrospectively after amedian of 30 (interquartile range: 23–35) weeks since

the onset of symptoms. A higher prevalence of at least one chronic fatigue symptom

was found in females in all time intervals after the onset of COVID-19 compared to

males (p< .036).Women, compared tomen,moreoften experiencedpersistent fatigue,

not causedbyeffort andpersisting after rest (for<4weeks, odds ratio [OR]=2.31, 95%

confidence interval [CI]: 1.13–4.73; for 4–12 weeks, OR = 1.95, 95% CI: 1.06–3.61),

non-restorative sleep (for <4 weeks, OR = 2.17, 95% CI: 1.23–3.81; for >12 weeks,
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OR=1.95, 95%CI: 1.03–3.71), and sore throat (for<4weeks,OR=1.97, 95%CI: 1.03–

3.78; for 4–12 weeks, OR = 2.76, 95% CI: 1.05–7.27). Sex differences in headache,

arthralgia, and prolonged postexercise fatigue were observed only during the first

4 weeks (OR= 2.59, 95%CI: 1.45–4.60, OR= 2.97, 95%CI: 1.02–8.64, andOR= 1.87,

95%CI: 1.01–3.51, respectively). There were no differences betweenwomen andmen

inmyalgia and self-reported lymph node enlargement.

Conclusions: The course of post-COVID fatigue differs significantly between sexes in

non-hospitalized individuals with COVID-19, with women more often suffering from

persistent fatigue, not caused by effort and persisting after rest, non-restorative sleep,

and sore throat.
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1 INTRODUCTION

Since its first identification among hospitalized patients with pneu-

monia in Wuhan, China (Zhu et al., 2020), the Coronavirus Disease

2019 (COVID-19) has become an emerging medical problem around

the world. Although a third of individuals affected with the Severe

AcuteRespiratorySyndromecoronavirus2 (SARS-CoV-2) infectionare

asymptomatic (Bliddal et al., 2021), an increasing number of patients

develop a wide spectrum of persistent symptoms, affecting multiple

organs and systems, which has been collected under the term of “long

COVID” and created the potential for a new pandemic (Fernández-

Lázaro et al., 2021). In particular, more than 60% of COVID-19

survivors reported the presence of at least one symptom after 30 days

since the onset of disease or hospitalization (Fernández-de-las-Peñas

et al., 2021), and up to 30% experienced deterioration in the quality of

life related to the disease (Logue et al., 2021).

Previous studies have shown that fatigue constitutes the most

important complication after COVID-19 (Chen et al., 2022; Hellwig &

Domschke, 2022), in both hospitalized and non-hospitalized patients

(Petersen et al., 2021). In a meta-analysis of 19 studies, it was found

that fatigue was reported by one third of individuals with the SARS-

CoV-2 infection at any time point (Healey et al., 2022); however,

according to some systematic reviews, its prevalence could be even

higher, with more than 50% of affected patients (Lopez-Leon et al.,

2021). Postinfectious fatigue after COVID-19 was shown to be sig-

nificantly more common than after other viral lower respiratory tract

illnesses (Cohen et al., 2022), including influenza (Taquet et al., 2021).

Therefore, it deservesmoreattentionduring research focusedonmany

aspects of the SARS-CoV-2 infection (Llorente et al., 2022).

Discrepancies exist regarding the role of sex in the prevalence and

the course of the post-COVID fatigue (Janbazi et al., 2022; Sigfrid

et al., 2021; Simani et al., 2021). Admittedly, some of the previous stud-

ies performed in different ethnic population showed that female sex

was a risk factor for the development of persistent neuropsychiatric

symptoms (Kim et al., 2022) and a long COVID syndrome, with nearly

70% of patients reporting fatigue (González-Andrade, 2022; Mahmud

et al., 2021). However, most data on sex-related differences in the

course of symptoms after the SARS-CoV-2 infection came from hos-

pitalized patients (Cabrera Martimbianco et al., 2021; Munblit et al.,

2021). For example, in a Danish cohort of 83 subjects previously hospi-

talized due to COVID-19 and assessed using validated questionnaires

8months after discharge, the risk of fatiguewas associatedwith female

sex in contrast to other factors, including the number of comorbidi-

ties (Schouborg et al., 2022). Surprisingly, outpatients compared to

those hospitalized due to COVID-19 had a higher fatigue rate not

only in the acute phase of infection, but also within 30 days after

discharge or diagnosis (Yoo et al., 2022). Analysis of even mild cases

with COVID-19 3 months after infection showed a high prevalence of

fatigue, with 54.4% of women and 30.2% of men suffering from this

syndrome (Maamar et al., 2022). In a national Saudi Arabian survey,

with nearly 6000 respondents of whom 90% did not require hospi-

talization for COVID-19, it was shown that female sex predicted a

delayed return to the pre-COVID health state (Tleyjeh et al., 2022). A

Missouri cross-sectional study showed that 43.3% of patients suffered

from fatigue between 4 weeks and 6 months after the SARS-CoV-2

infection, with women experiencing significantly higher fatigue scores

compared to men (Khatib et al., 2022). A detailed neuropsychologi-

cal evaluation of 136 patients 8 months after COVID-19 revealed that

female sex was significantly associated only with the physical compo-

nent of fatigue (Calabria et al., 2022).On the other hand, the evaluation

of 226 COVID-19 survivors from Belgium 3 and 12 months after hos-

pital discharge showed that female sex was associated with the risk of

persistent cognitive impairmentbutnot fatigue (Lorent et al., 2022).No

sex differences related to the post-COVID fatigue were also found in

recent studies assessing Swiss (Larsson et al., 2022) and Swedish pop-

ulations (Diem et al., 2022). Moreover, to date, only few studies have

presented details on the course of fatigue after COVID-19, separately

in women andmen.
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F IGURE 1 Flow chart showing the steps to create the questionnaire to assess the neuropsychological complications of COVID-19

Therefore, we aimed to assess chronic fatigue symptoms and their

timely course in non-hospitalized patients with the SARS-CoV-2 infec-

tion, according to their sex.

2 MATERIALS AND METHODS

2.1 Fatigue assessment

To prepare a short and precise clinical questionnaire that evaluated

neuropsychological problems after the SARS-CoV-2 infection, we used

an approach in three steps illustrated in Figure 1. In brief, based on

the personal and professional experience of the interviewed neurolo-

gists who underwent COVID-19, we created the questionnaire called

“The NeuroPsychological complications of COVID-19” (NP-COVID),

which was further validated in a group of 70 physicians and ther-

apists (Figure 1). In the current study, we focused on fatigue that

was retrospectively evaluated by patients in the second part of the

NP-COVID questionnaire. Patients were asked about eight symptoms

(Table 1) that constituted the most commonly used and previously val-

idated 1994 Centers for Disease Control and Prevention definition of

the chronic fatigue syndrome (Fukuda et al., 1994; Lim & Son, 2020).

Most of other definitions of the chronic fatigue syndrome also included

the symptoms listed in Table 1 (Lim & Son, 2020). The presence of

chronic fatigue symptoms was evaluated in four different time peri-

ods, according to the guidelines of theNational Institute forHealth and

Care Excellence (NICE) (NICE et al., 2020; Shah et al., 2021): before

COVID-19, during the first 4 weeks of infection (acute phase), dur-

TABLE 1 Symptoms of chronic fatigue assessed by patients in the
NeuroPsychological-COVID questionnaire

Did you experience problemswith:

1. Persistent fatigue, not caused by an effort, persisting after rest,

decreasing life quality—if yes, did you also experience problemswith:

2. Sore throat

3. Sensation of lymph node enlargement in the neck or armpit

4. Myalgia (muscle aches)

5. Arthralgia (inflammation of multiple joints)

6. Headache

7. Non-restorative sleep

8. Prolonged postexercise fatigue

ing 4–12 weeks after infection (post-acute phase), and after 12 weeks

since the infection onset (chronic phase; based also on the current lit-

erature regarding COVID-19 [Nalbandian et al., 2021]) (Figure 1; NICE

et al., 2020; Shah et al., 2021).

2.2 Patients

The following inclusion criteria were set for participation in the study:

18 years or older, more than 12 weeks since the onset of COVID-19,

infection diagnosis confirmed by viral RNA detection by the reverse

transcription chain reaction (RT-PCR) from a nasopharyngeal swab,

and ability to write and read. Between April and August 2021, a total
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number of 660 anonymous NP-COVID questionnaires were received

from three sources: ambulatory for post-COVID patients at the Uni-

versity Hospital in Krakow, online link to the survey sent via mass

e-mail to the employees of the University Hospital in Krakow, and

online link posted on Facebook (Figure 1). After exclusion of question-

naireswith incompletedata andpreviouslyhospitalized individuals due

to the SARS-CoV-2 infection, 303 subjects were included in the final

analysis.

2.3 Bioethics

We conducted this study in accordance with the Declaration of

Helsinki and within the CRACoV-HHS project (CRAcow in CoVid

pandemics—Home, Hospital, and Staff), which received the approval

of the Jagiellonian University Bioethics Committee, and integrated

basic and clinical research in many medical disciplines, involving dif-

ferent populations of COVID-19 evaluated through the personnel of

the University Hospital in Krakow (Sydor et al., 2021). As the NP-

COVID questionnaires were filled out anonymously and after further

consulting legal opinion, the collection of data in the current study did

not require additional approval from the Bioethics Committee. Partic-

ipants recruited in the ambulatory for the post-COVID patients in the

University Hospital in Krakow signedwritten informed consent before

filling out the paper version of the NP-COVID questionnaire. Accord-

ing to Polish law, no written consent is needed to obtain from patients

who anonymously complete the online questionnaire; however, pro-

viding full information on the aim of such questionnaire is mandatory.

Therefore, the collection of data through online anonymous link in the

current study was performed in accordance with these legal guide-

lines. Additionally, since the research was of minimal risk to patient,

the completion of the online questionnaire was evidence of consent to

participate.

2.4 Statistics

Quantitative data were demonstrated as medians and interquartile

ranges (IQRs) and compared using theMann–WhitneyU-test, based on

the non-normal distribution found with the Shapiro–Wilk test. Quali-

tative datawere described by numbers and percentages and compared

using the χ2 test or Fisher’s exact test for independent variables and

with theMcNemar χ2 test or Cochran’sQ test for dependent variables.

The association of sex with symptoms of chronic fatigue after COVID-

19 was expressed as odds ratio (OR) and 95% confidence interval (CI).

For pairwise comparisons, the Bonferroni correction was used and the

significance level was set below .008. A p-value of<.05was considered

statistically significant for other comparisons. The internal consistency

of the NP-COVID questionnaire was evaluated using Cronbach’s alpha

resulting in a value of .931 that indicated acceptable internal consis-

tency (Carden et al., 2018). STATISTICA version 13.0 (Statsoft Inc.,

Tulsa, OK) was used to perform the analyses.

3 RESULTS

The data that confirm the results of the current study can be obtained

from the corresponding author upon reasonable request.

3.1 Study population

The study comprised 303 non-hospitalized patients, including 79.53%

women, and the median age was 36 years (IQR: 30–48 years), with no

differences betweenmen andwomen (35 [31–40] vs. 39 [30–49] years,

respectively, p = .149). Patients were assessed retrospectively after a

median of 30 (IQR: 23–35) weeks since the onset of symptoms.

3.2 The prevalence of multiple chronic fatigue
symptoms after COVID-19

BeforeCOVID-19, 31.46%of patients reported fatigue symptomswith

11.59%, 11.92%, 6.29%, and 1.66% demonstrating one to two, three

to four, five to six, and seven to eight symptoms, respectively. Within

4 weeks after the onset of the disease, 88.45% of patients declared

fatigue symptoms and the frequency of multiple positive responses

increased to 8.91%, 26.07%, 42.90%, and 10.56% for one to two, three

to four, five to six, and seven to eight symptoms, respectively (p= .018).

After 12 weeks, 64.41% of the group had symptoms of chronic fatigue,

while the prevalence of multiple symptoms remained high, 17.96%,

24.41%, 18.64%, and 3.39%, respectively (p= .023).

In women, a higher prevalence of one ormore chronic fatigue symp-

toms was found in all time intervals after COVID-19 compared to men

(below 4 weeks p < .001; 4–12 weeks, p = .013; >12 weeks, p = .035).

We did not observe sex differences in the number of chronic fatigue

symptoms before the onset of COVID-19 (p= .440) (Figure S1).

3.3 The burden of elements of chronic fatigue
after COVID-19

3.3.1 Women

Within 4 weeks after COVID-19, the prevalence of all symptoms

increased (Table 2; Figure S2). During more than 12 weeks since the

onset of symptoms, the frequency of persistent fatigue, caused or not

by an effort, myalgia, headache, and non-restorative sleepwas partially

reduced. The prevalence of sore throat, arthralgia, and self-reported

lymph node enlargement returned to the pre-COVID-19 levels.

3.3.2 Men

The prevalence of persistent effort-related and unrelated fatigue, sore

throat, myalgia, headache, and non-restorative sleep increased within
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F IGURE 2 Risk of fatigue symptoms after COVID-19 in women compared tomen. OR, odds ratio

4 weeks since the onset of COVID-19 (questions 1, 2, 4, and 6–

8, Table 2; Figure S2). We observed an increase in the number of

patients with arthralgia and self-reported lymph node enlargement,

which remained statistically insignificant. Regarding the resolution of

symptoms, the frequency of sore throat normalized in 4–12 weeks

and myalgia in >12 weeks. Furthermore, persistent effort-related and

unrelated fatigue, headache, and non-restorative sleep decreased dur-

ing >12 weeks since the onset of infection, but without complete

normalization.

3.4 Chronic fatigue symptoms in women and men

Persistent fatigue, not caused by an effort and persisting after rest,

was more frequent in women throughout the 12-week period since

the onset of COVID-19 compared to men (for <4 weeks, odds

ratio [OR] = 2.31, 95% confidence interval [CI]: 1.13–4.73 and for

4–12 weeks, OR = 1.95, 95% CI: 1.06–3.61) (Figure 2). A higher

prevalence of non-restorative sleep was observed in women for more

than 12 weeks (for 0–4 weeks, OR = 2.17, 95% CI: 1.23–3.81 and

>12 weeks, OR = 1.95, 95% CI: 1.03–3.71). A difference in sore

throat was observed to decrease in 12 weeks (OR = 1.97, 95% CI:

1.03–3.78 and OR = 2.76, 95% CI: 1.05–7.27 for <4 weeks and 4–

12 weeks, respectively, for women compared to men). Sex differences

in headache, arthralgia, and prolonged postexercise fatigue were tem-

porarily observed only in the first 4 weeks (OR = 2.59, 95% CI:

1.45–4.60,OR=2.97, 95%CI: 1.02–8.64, andOR=1.87, 95%CI: 1.01–

3.51, respectively). We did not observe differences between women

andmen inmyalgia and self-reported lymph node enlargement.

4 DISCUSSION

Our study is one of the first to demonstrate that the course of symp-

toms constituting COVID-19-associated chronic fatigue syndrome

differs significantly between sexes. We were able to show that women
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more often suffered from persistent fatigue, not caused by an effort

and not alleviated by rest, within 12weeks since the onset of the SARS-

CoV-2 infection. So far, it has been known that among patients with

mild COVID-19, fatigue (Miyazato et al., 2022) and malaise after exer-

tionwere correlatedwith female sex (Havdal et al., 2022). In relation to

the post-COVID fatigue, these sex differences were also found signif-

icant in studies with similar to ours cross-sectional design (Fugazzaro

et al., 2022), and in cohorts consisting of medical workers of whom

most did not require hospitalization due to COVID-19 (Sultana et al.,

2021). Female sex was also found to predict the risk of post-acute

COVID-19 sequelae, with fatigue being its most common symptom

(Knight et al., 2022). Our study additionally revealed that the preva-

lence of non-restorative sleep was higher in women after more than

3months since the onset of infection. Indeed, previous studies showed

that female sex was a risk factor for sleep disturbances after recovery

from the acute phase of the SARS-CoV-2 infection, both in hospital-

ized and ambulatory cohorts (Pelà et al., 2022; Schou et al., 2021).

We did not observe differences between sexes in relation to myalgia

that resembled conclusions coming from 5-month observation of Ital-

ianCOVID-19 survivors (Pelà et al., 2022). However, other researchers

revealed that women followed 3 months after mild SARS-CoV-2 infec-

tion more often suffered not only from fatigue and sleep disturbances

but also myalgia and headache (Kashif et al., 2021). In our study,

we were unable to replicate findings related to headache; neverthe-

less, in the acute phase of infection this chronic fatigue symptom was

more common in women, which stayed in line with previous research

(Silverberg et al., 2022). Therefore, it seems that the course of symp-

tomsconstituting the chronic fatigue syndromediffers according to the

sex of patient.

Our study confirmed that most patients during the acute phase of

COVID-19 experienced fatigue symptoms and after 12 weeks, besides

improvement, the prevalence ofmultiple symptoms still remained high.

We were also able to present details on the timely course of the post-

COVID fatigue. Most of the previous studies focused on the predictors

of the post-COVID fatigue andproved the role of female sex as a poten-

tial risk factor (Joli et al., 2022). Nevertheless, one retrospective study

evaluating electronic health data from nearly 280,000 COVID-19 sur-

vivors within 6 months after diagnosis showed that compared to the

acute phase of infection, symptoms creating a long COVID syndrome

more often coexisted with each other (Taquet et al., 2021). Regarding

the chronic fatigue syndrome, we were able to show that in fact, mul-

tiple symptoms assessed by the NP-COVID questionnaire co-occurred

with each other, evenmore than 12weeks after the SARS-CoV-2 infec-

tion. Similarly, in a cohort of 2000 patients from five public hospitals

in Spain, female sex was not only associated with fatigue 8 months

after discharge, but also with at least three post-COVID symptoms

(Fernández-de-las-Peñas et al., 2022). In a recent Brazilian study, the

authors investigated the co-occurrence of 30 symptoms of different

body organs, and showed that fatigue, psychiatric, and cognitive man-

ifestations were the most discriminatory for the so-called post-acute

sequelae of the SARS-CoV-2 infection (Busatto et al., 2022). Similar

to the results of our research, a previous large Spanish cohort study

confirmed the tendency for fatigue to decrease over months since the

infection onset (Fernández-de-las-Peñas et al., 2022). On the other

hand, a Korean prospective online survey showed that the prevalence

of fatigue increased between 1 and 6 months after the acute phase

of the SARS-CoV-2 infection and then gradually decreased; however,

still around 15% of responders experienced this symptom as residual

(Kim et al., 2022). This value was even higher in Egyptian COVID-19

survivors (Kamal et al., 2021). In a study from four New York City hos-

pitals, it was shown that between 6 and 12 months of follow-up, there

was an insignificant trend toward improving fatigue scores; however,

the group consisted of patients with more severe COVID-19, with a

third of them previously needing intubation (Frontera et al., 2022). In

aNorwegianquestionnaire study,COVID-19-associated fatigue,which

wasmore common inwomen, began todecrease after around4months

(Stavem et al., 2021). On the contrary, in a recent meta-analysis of 63

studies, comprising 250,000 patients with COVID-19, it was shown

that the prevalence of sleep disorders and fatigue did not decrease

when comparing the observation time after COVID-19 3–6 versus

6–9 months (Alkodaymi et al., 2022). Thus, a significant proportion

of patients, besides initial improvement, still suffers from symptoms

of the chronic fatigue syndrome even months after the onset of the

SARS-CoV-2 infection, as was also confirmed in our study.

Our study has several important limitations. First, diagnostic cri-

teria for chronic fatigue syndrome included more than 6 months

of the duration of symptoms (Carod Artal, 2021). However, the

definition of chronic post-COVID fatigue for the purpose of this

study remained consistent with the previous review of the literature

(Nalbandian et al., 2021) and the NICE guidelines (Shah et al., 2021)

that required thepersistenceof fatigue formore than12weeks. In fact,

previous studies used different timelines to assess the post-COVID

symptoms, ranging from 2–3 months after the onset of infection

(Raman et al., 2021) to even 12 months after recovery (Kim et al.,

2022). Second, we used our own questionnaire created for the pur-

pose of the study, tested in a small sample of physicians and therapists;

however, it included the symptoms previously defining the chronic

fatigue syndrome (Fukuda et al., 1994) and the most important ele-

ments of the post-COVID fatigue, such as persistence and reduction in

the quality of life, that were proposed in other post-COVID functional

scales (Klok et al., 2020). Third, the results of the current study came

only from symptoms retrospectively reported by patients that could

have resulted in their underestimation, as questionnaires were com-

pleted only once 7months after the onset of the disease. However, the

prevalence of post-COVID fatigue was comparable to previous stud-

ies (Lopez-Leon et al., 2021). Fourth, we did not collect data related to

possible other confounders, such as comorbidities.

To conclude, the course of post-COVID fatigue differs significantly

between non-hospitalized women and men. Fatigue not caused by

an effort and persisting after rest, non-restorative sleep, and sore

throat are observed more frequently in women compared to men.

Besides some studies have shown the usefulness of mobile applica-

tions designed for cancer patients in treating fatigue due to COVID-19

(Ruckser-Scherb et al., 2022), future research is needed in order to

better assess the course of post-COVID fatigue and find appropriate

treatment strategies (Manu, 2022).
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