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ABSTRACT: Background: This study evaluated physical fitness and mental health in young and elderly women 3
months after mild COVID-19 infection, and examined the impact of infection and age on long COVID occurrence
and trajectory. Methods: There were 213 eligible female volunteers (107 young, 106 elderly) recruited approximately
three months after the significant outbreak of COVID-19 in China. Participants completed a fitness test and mental
health assessment using the Post-Traumatic Stress Disorder Self-Assessment Scale (PTSD) and the Pittsburgh Sleep
Quality Inventory (PSQI). Results: Despite no significant difference in physical fitness, infected young and elderly
females experienced poorer sleep quality related to mental health compared to their uninfected peers (+22% in young
participants, p = 0.027; +10% in elderly participants, p = 0.005). The elderly scored significantly higher in sleep quality
than the young (p < 0.05). Age, previous infection, and PTSD were significant predictors of sleep quality, explaining
60.6% of the variance in PSQI scores. Conclusions: Three months following COVID-19 infection, infected women
experienced poorer sleep quality compared to their uninfected peers. Irrespective of being infected, older individuals
exhibited higher rates of sleep disorders compared to younger women, suggesting the importance of addressing post-
COVID-19 sleep issues among at-risk individuals.
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1 Introduction

The global impact of the COVID pandemic on human health has been significant, with more than
660 million confirmed cases and over 6.6 million deaths worldwide by February 2023 [1]. China initially
implemented a strict dynamic zero-COVID approach, which effectively suppressed local outbreaks com-
pared to other countries [2]. In mid-November 2022, a pivotal shift occurred with the relaxation of this
policy, driven by extensive vaccination coverage and the emergence of less severe Omicron subvariants. This
strategic adjustment led to a rapid spread of Omicron, accounting for over 90% of SARS-CoV-2 infections
nationwide [2,3].

While acute respiratory illness has been the primary focus during the outbreak [4], the effects of
COVID have exceeded the initial infection, impacting physical and mental health, as well as quality of life
during recovery [5]. Despite the World Health Organization declaring an end to the pandemic in 2023 [6],
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there is a growing awareness of the long-term health impacts of COVID-19 on various populations [7].
While critical illness is the immediate focus, the persistence and severity of long-term effects, even after
mild infections, continues to gain attention. Sustained physical and mental health impacts have become
established post-infection issues facing survivors [8], given that 10%-30% of infected individuals experience
persistent symptoms or “long COVID” [9,10].

“Long COVID” refers to a range of persistent symptoms that continue to afflict individuals for weeks
or months after initial infection [10,11]. Commonly reported sequelae substantially reducing quality of life
include fatigue, dyspnea, cognitive dysfunction, muscular pain, and sleep abnormalities [8]. At 3 months
post-infection, 23% of individuals had not fully regained normal exercise capacity, experiencing ongoing
fatigue, breathlessness, and a reduction of quality of life [12]. By the 6-month mark, up to 50% of infected
individuals may still be coping with debilitating symptoms such as fatigue, respiratory issues, memory
deficits, and neurological challenges [8,13,14]. A meta-analysis has revealed that more than half of COVID-19
survivors continue to experience lingering fatigue and respiratory limitations 6-12 months after infection [5],
with 96% of over 400 survivors reporting at least one persistent symptom at 6 months, including fatigue,
dyspnea, and memory impairment [14].

Among the concerning sequelae of long COVID are sleep abnormalities such as insomnia, hypersomnia,
and disruptions in circadian rhythm [I3]. Given that sleep plays a crucial role in immune regulation and
recovery, these disruptions may exacerbate cognitive and emotional impairments. Recent research has
linked sleep disturbances in COVID-19 survivors to heightened levels of anxiety, depression, and post-
traumatic stress disorder (PTSD) in a sample of over 24,000 individuals [15]. Furthermore, studies have
demonstrated a correlation between poor sleep and accelerated cognitive decline in older populations [16].
The relationship between long COVID and sleep disruptions appears to be bidirectional, with viral infection
and inflammation disrupting sleep patterns, while sleep disturbances, in turn, worsen symptoms of long
COVID [8]. The direct impact of the virus can impair restorative slow wave and rapid eye movement sleep,
crucial for tissue recovery and memory consolidation [17], thus contributing to a negative spiral where
symptoms of long COVID such as fatigue, mood disorders, and cognitive dysfunction that further deteriorate
sleep quality.

Demographic factors importantly influence the occurrence and trajectory of long COVID. Limited
studies have examined the functional impacts of COVID across various age groups when compared
to uninfected populations. Current research primarily focuses on middle-aged adults [14,18], leaving a
noticeable gap in understanding the effects of long COVID on young adults or the elderly. Some analyses
indicate that infected adults, including young low-risk groups, may experience enduring exercise intolerance
and cardiovascular deficits compared to uninfected controls [19]. However, a study on the elderly population
showed no post-infection health differences from controls without severe initial illness [20]. Nonetheless, it
is worth noting that the elderly may undergo synergistic declines such as sleep, mental health, and physical
biomarkers [21]. This susceptibility may increase the risk of impairment and neurodegenerative outcomes
in elderly individuals with long COVID. Even after a mild infection, recovering infected individuals may
exhibit persistent inflammation, endothelial dysfunction, and cardiovascular changes [22].

To simplify analysis amid multifaceted demographic risks, this cross-sectional study aimed to evaluate
physical and mental health at 3 months following mild COVID-19 infection across young and elderly
female cohorts. It was hypothesized that, (1) individuals with COVID-19 infection would experience physical
impairment and sustained sleep disruption compared to their uninfected peers; and (2) worse impairment
would be found in the infected elderly group.
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2 Method
2.1 Participants

The inclusion criteria were: (1) volunteering to participate in the research; (2) young females aged
18-30 years, as well as elderly females aged 60-75 years, regardless of whether they were diagnosed with
COVID-19 infection confirmed through Polymerase Chain Reaction (PCR), rapid test or antigen test; (3)
mild infection of COVID-19 (mild clinical symptoms, such as fever, fatigue, cough, anorexia, malaise, muscle
pain, sore throat, dyspnea, nasal congestion, headache) with no abnormal chest imaging findings [23], and
can be managed at home without hospitalization; (4) had no diagnosed endocrine, metabolic, osteoarticular,
cardiovascular diseases; (5) had no psychiatric illness and no physical barriers to exercise; (6) received at
least two doses of the COVID-19 vaccine prior to enrollment.

To compare the difference between the infected young and elder participants, G*power (Version 3.1)
software was used to perform power analysis and determine the sample size, by setting the effect size (d) to
0.5 (medium), the alpha error probability («) to 0.05, and the power (I-f8) to 0.8 for power. A sample size of
64 for each infected group was necessary. Considering the potential dropout rate, a total sample size of 200
infected individuals was anticipated. Participants were recruited three months after the large-scale COVID-
19 infection by inviting both infected and uninfected young and elderly volunteers from a university and an
activity center. Initially, 167 elderly females and 159 young females enrolled in this study. However, during
the course of the study, 38 participants were excluded before the fitness test, and 75 participants declined to
complete the questionnaire, resulting in their exclusion. Consequently, a total of 213 eligible female volunteers
were recruited. The participants consisted of 107 young females (Mean,g. = 18.7 + 1.0 years; infected = 70;
uninfected = 37) and 106 elderly females (Mean,g. = 64.8 + 3.4 years; infected = 67; uninfected = 39) (Fig. 1).

This study was approved by the Research Ethics Committee of the University of Macau (RC Ref. no.
SSHRE23-APP117-FED) and carried out according to the Declaration of Helsinki. Prior to enrollment in
the study, the purpose of the research was clearly explained to the participants, and written informed
consent was obtained from those who were willing to participate. Nevertheless, participants had the right
to withdraw from the study at any time. To ensure confidentiality, coding was used instead of names for all
collected information. The original paper records of all identifiable data were stored in locked cabinets and
rooms. Additionally, electronic copies of this data were securely saved on cloud storage, with access limited
exclusively to the principal investigator and authorized personnel.
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Enrollment

Assessed for eligibility young
females (n = 159)

o Infected =98

o Unifected =61

Assessed for eligibility
elderly female (n = 167)
o Infected = 102

e Uninfected = 65

Excluded (n = 38)

1. Not meeting inclusion criteria (n = 12)

2. Unable to keep up with fitness tests (n = 15)
3. Other reasons (n=11)

Physical fitness test

(Mar 2023)

Elderly females (n = 146)
o Infected = 89
o Uninfected = 57

Young females (n = 142)
o Infected = 87
e Uninfected =55

Questionnaire
survey

Excluded: Unqualified
questionnaire (n = 75)

e Infected (Y =17, E=22)

e Uninfected (Y =18; E=18)

Young females (n=107)
o Infected =70
e Uninfected =37

Elderly females (n = 106)
e Infected = 67
e Uninfected = 39

Figure 1: Schematic diagram for research process

2.2 Study Design and Procedures

The cross-sectional study was conducted between March 2023 and April 2023, three to three and half
months after the Chinese government had announced the downgrade management of the disease from “Class
A” to aless strict “Class B” in late December 2022 [24]. This change demonstrated the transition from strict
restrictions to reopening. Considering its vaccination rate, medical resources and experience in prevention
and control, China had the appropriate conditions for downgrading the management. “Class B” management
indicated the end of centralized quarantine, close contact tracing, and mass nucleic acid testing [25]. The
outbreak led to a rapid increase in symptomatic COVID cases nationwide, with estimates suggesting that
60%-80% of people in major cities were infected. This highlights the widespread impact of the outbreak
during that period [2]. The prevalence of virus infections in China has largely been made up of Omicron
variants (mainly strains BA.5.2 and BE7) during this time [26].
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The outcomes included personal information (age, COVID-19 infection status) and the results of the
physical fitness test. Considering the potential impact of COVID-19 on mental health, secondary outcomes
were evaluated using scales such as the PTSD and the PSQI Scale.

The average indoor environment was maintained at a constant temperature of 22.2°C + 1.5°C and
relative humidity of 21.9% + 5.8%. The physical fitness test was conducted by PE teachers, with assistance
from postgraduate students majoring in physical education who had undergone systematic training and
long-term experience in physical fitness testing. There was a 10-min break between each test item.

Following the fitness test, participants were categorized into uninfected and infected groups based
on their infection status. Subsequently, they were required to complete an online questionnaire under the
supervision of teaching assistants. Only after their submitted questionnaires had been checked on-site were
they permitted to leave.

2.3 Measures

Prior to the commencement of the testing protocol, all participants were instructed to adhere to specific
guidelines. On the day before the test, participants were asked to refrain from engaging in excessive exercise,
consuming alcohol, nicotine, caffeine, and taking analgesics or sedatives. On the test day, volunteers were
instructed to fast for 2.5 h before the scheduled test time and to abstain from eating or drinking during this
period. Participants were also reminded to inform the investigators if they had any physical discomfort. A
10-min warm-up was required before the test to minimize the risk of sports injuries.

2.3.1 Measurement of Physical Fitness

Physical fitness tests are used to assess physical fitness of participants, including anthropometric
characteristics, muscle strength, flexibility and cardiovascular fitness level (CRF). Initially, a comprehensive
assessment of the participants’ anthropometric characteristics was conducted, including measurements
of body weight, height, and body mass index (BMI). These measurements were taken using electronic
instruments, with participants wearing lightweight clothing and removed their shoes and socks. The height
was determined through a calibrated stadiometer.

Muscle strength was measured using a Hand Grip Dynamometer (5401 Hand Grip Dynamometer,
Takei, Japan) to measure hand grip strength (HGS). Participants held the tester with one hand and gripped
it vertically with full force. Three grip strength tests were performed, and the highest value was taken
for analysis.

Flexibility was assessed using the sit and reach test. The participant sat with legs straight and feet
flat against the test plate (NL-500 Pro, Naili, China). With both arms and fingers extended forward, the
participant gradually advanced the vernier to its maximum forward position, while ensuring that the legs
remained flat against the floor. Three trials were conducted, and the highest measurement was recorded.

The Three-Minute Step Test (3MST) was used to assess cardiovascular fitness level (CRF) in young
females. Participants were required to step up and down on the 30 cm box 90 times in 3 min following a
metronome with a speed of 120 beats per minute (4 beats up and down), leading to a stepping rate of 30 steps
per minute. Heart rates were measured at 1, 2 and 3 min after the 3MST exercise via a finger pulse oximeter
(YX306, Yuwell, China). The step index is calculated using Eq. (1) as follows [27]:

Exercise duration(s) x 100

Step index = 1)

Sum of three heart rates during recovery
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The Two-Minute Step Test (TMST) was used to assess cardiorespiratory fitness in elderly females.
Participants were instructed to step in place for two minutes, ensuring each knee to a designated height with
each step. The score was determined by the number of right knee lifts that met the required height completed
in two minutes.

The CREF levels were classified into five categories (1 = very poor, 2 = poor, 3 = average, 4 = good,
5 = very good) for young and elderly females, based on age and score [28].

2.3.2 Measurement of Post-Traumatic Stress Disorder and Sleep Quality

The PTSD questionnaire and the PSQI questionnaire were used to assess mental health [29], and
sleep quality [30], respectively. The PTSD symptoms identified in previous research served as a crucial
reference for our study. PTSD is considered a potential long-term consequence of COVID-19. COVID-19
exposure is a unique, multidimensional severe stressor (direct like life-threatening physical discomfort and
indirect like witnessing others’ struggle), and though some related experiences’ status as traumatic stressors
is controversial, they can lead to symptoms similar or identical to PTSD symptoms [31]. During pandemics,
people rely on the media for information due to lockdown policies, and media exposure during major
public events may cause varying degrees of vicarious trauma to audiences, further triggering trauma and
anxiety [32].

The PTSD scale consists of 17 self-report items, each scored on a scale from level 1 to level 5. The diagnosis
of PTSD is determined based on the total score, which is categorized into ranges indicating the presence and
severity of symptoms. The Chinese version of the PTSD has been thoroughly validated and is extensively
utilized within Chinese populations. The scale has good internal and test-retest reliability and validity, the
Cronbach’a was 0.95 [33]. The scale is reliable and valid for undergraduate students and the elderly [34,35].

The PSQI consists of 19 self-reported questions and 5 questions answered by others. The total score is
calculated based on self-answered questions, with the score range being from 0 to 21. Higher scores on this
scale indicate poorer sleep quality. The Chinese version of PSQI showed good reliability and validity, with a
Cronbach’a of 0.79 in undergraduate students [36] and elderly individuals [37].

2.4 Statistical Analysis

Data are expressed as mean + SD and were analyzed using SPSS software (version 26.0; IBM, Armonk,
NY, USA). All variables were found to conform to the normal distribution using the Kolmogorov-Smirnov
test. Independent sample ¢-tests were carried out on each of the variables to determine the difference in
physical fitness outcomes, PTSD, and PSQI between infected individuals and compared to their uninfected
peers in both young and elderly groups. A two-way repeated measures (Two-Way ANOVA) analysis of
variance (age x infection) was used to determine the main effects (age) and interaction effects (age x
infection) on the outcome variables. A generalized linear model was performed with infection condition,
physical outcome and PTSD as independent variables, while sleep quality (PSQI) was defined as a dependent
variable. To build the regression model, variables that had a significant correlation with outcome variables
at a p-value of 0.05 were included. A stepwise regression method was employed to identify the best-fitting
model, and since the outcome variables were continuous, linear regression was applied. As for effect size
(ES) measures of the main effect and the interaction effect, partial eta squared was considered small if
1” < 0.01 and large if 777 > 0.14. Cohen’s d values were also used to determine the effect sizes for the difference
between variables, which was considered small when d was between 0.20 and 0.49, medium when d was
around 0.50-0.79 and large when d > 0.80. All tests for statistical significance were at an alpha level of
p < 0.05.
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3 Result
3.1 Physical Fitness

Participants’ demographic characteristics and physical fitness outcomes measured 3 months after
COVID-19 infection are provided in Table 1. Regardless of age, there was no difference in body mass and
BMI between the infected and non-infected groups (p > 0.05). Moreover, the COVID-19 infection did not
significantly impair hand grip strength, flexibility, and cardiorespiratory fitness in either young or elderly
females compared to their uninfected peers (p > 0.05).

Table 1: Physical and mental health outcomes 3-months after COVID-19 infection

Young Elderly Infection  Group effect Interaction effect
Uninfected  Infected All Uninfected  Infected All P Ua P Ul P "
(n=37) (n =70) (n=107) (n =39) (n=67) (n=106)
Age (y) 18.7 +1.2 18.7 £ 0.8 18.7 + 1.0 63.9 +£3.3 653+34 648+34% 0.051 0.018 <0.001 0.988 0.041 0.020

Height (cm) 1615 +4.6 162157 161.9+54 160.6+3.9 160.8+45 160.7+43 0.603 0.001 0.20 0.012 0745  0.001
Weight (kg)  53.4+91 543+84 540+86 605+41 593+3.6 597+38% 0.866 <0.001 <0.001 0.158 0.265  0.006
BMI 204+£3.0 207+31  206+3.0 234+13 22914 231+13% 0712 <0.001 <0.001 0.228 0.266  0.006
(kg'm™?)
DHS (kg)  23.6+56 246469  242%65 20827 20927 20.8=27% 0425 0.003 <0.001 0.091 0.508  0.002
NHS (kg)  209+43 224+62 21.9+£57  203+3.0 197+29 199+29% 048 0.002 0.011 0030 0119  0.012

SR (cm) 14.2 £ 71 13.3+9.3 13.7 £ 8.6 6.4+3.2 6.4 +£3.1 6.4+31% 0.626 0.001 <0.001 0.233 0.629 0.001
CRF 1.1+£0.3 1.1+0.2 1.1+0.2 1.1+0.3 1.1+0.3 11+£03% 0.479 0.002 <0.001 0.138 0.580 0.001
category
PTSD 2524156  21.5+16.0 22.6 £15.7 57.5+5.4 573 £5.7 574 +£5.6% 0.975 0.325 <0.001 0.695 0.356 0.006
PSQI 6.1+2.5 7.5 +2.5* 7.0 £2.6 12.8 +2.4 14.1+2.1* 13.6 £2.3% <0.001 0.066 <0.001 0.646 0.935 <0.001
Quality 0.3+0.6 0.7 £ 1.0* 0.6 +0.9 2.5+£0.7 1.9 £0.9* 21+£0.9% 0.505 0.003 <0.001 0.470 <0.001 0.086
Latency 0.8+0.7 11+0.9 1.0+£0.8 2.6 +0.7 2.7+0.38 2.7+08% 0.081 0.017 <0.001 0.512 0.347 0.005
Duration 1.6 £ 0.6 1.7 £0.6 1.7 £0.6 11+£1.0 1.6 £ 1.1* 1.4+111 0.027 0.026 0.033 0.024 0.331 0.005
Efficiency 1.1+£0.5 1.2+0.5 1.2+0.5 14 +£11 1.7 +£1.1 1L.6+£11% 0.160 0.011 0.007 0.038 0.451 0.003
Disturbance 1.3+1.0 1.3+£0.7 1.3+£0.8 1.5+1.0 1.7 £0.9 1.7+£0.9% 0.451 0.003 0.016 0.031 0.509 0.002
Medication 01+£0.4 0.2+0.5 0.2£0.5 1.5+1.2 2.0 £0.9% 1.8+£1.0% 0.013 0.033 <0.001 0.453 0.072 0.018
Dysfunction 1.0 £ 0.8 1.3+£0.8 1.2+0.8 22+11 2.5+0.9* 24+1.0% 0.036 0.024 <0.001 0.296 0.874 <0.001

Note: Observed values are expressed as means + standard deviation. BMI, body mass index; DHS, dominant hand
strength; NHS, non-dominant hand strength; SR, sit-and-reach; CRF rank, cardiorespiratory fitness category based on
norms. Significant difference from Uninfected at *p < 0.05, **p < 0.01. Significant difference from the Young group at
"p <0.05,%p < 0.0L

3.2 Mental Health

There was no significant difference in PTSD observed in infected individuals compared to uninfected
individuals in either of the two groups at 3 months post-infection (p > 0.05, Table 1). The elderly group
scored significantly higher in PTSD compared to the young group (p < 0.001, #* = 0.695). At the same time,
a significant effect on sleep quality was observed (p < 0.001, #* = 0.066, Table 1). Specifically, infected groups
in both young and elderly groups had a significant sleep quality decline (p < 0.05 in the young group, p < 0.01
in the elderly group). Infected young females exhibited a sleep quality score 22.0% higher compared to their
uninfected peers (d = 0.56). Moreover, in the elderly group, infected individuals had sleep quality scores 10.0%
higher than those who were not infected (d = 0.58). Regarding PSQI dimensions, infected elderly participants
reported poorer sleep duration, use of sleep medication and daytime dysfunction. Furthermore, the elderly
group scored significantly higher in PSQI compared to the young group (p < 0.001, #* = 0.646), including
all seven dimension scores. Additionally, 70.91% of infected young women and 55.56% of uninfected young
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women experienced insomnia, whereas all elderly women reported insomnia, regardless of infection status
(Table 2).

Table 2: Sleep quality distribution

Good Light, Moderate Severe
(PSQI < 5) (PSQI = 6-10) (PSQI = 11-15) (PSQI = 16-21)
Cases % Cases % Cases % Cases %
Young
Uninfected 12 44.4 12 44.4 3 11.1 0 0
Infected 16 29.1 32 58.2 7 12.7 0 0
Elderly
Uninfected 0 0 5 12.8 28 71.8 6 15.4
Infected 0 0 4 6.0 47 70.1 16 23.9

Note: Good sleep, PSQI score no more than 5; Light insomnia, PSQI score between 6 and 10, Moderate insomnia, PSQI
score between 11 and 15; Poor sleep, PSQI score between 16 and 21.

3.3 Associations between Infection Status, Physical Fitness and PTSD with PSQI

A moderate correlation ( = 0.367, p = 0.042) was observed between the PSQI score and the PTSD
score among the young group, but no significant correlation was observed in the elderly or the combined
groups. A strong correlation ( = 0.72, p < 0.001) was observed between the PSQI score and the PTSD score
in both the infected and uninfected group (Fig. 2). Greater traumatic stress (PTSD scores) predicted poorer
sleep quality in the young group. Infection status had a positive effect on the PSQI score in the young group
(B =0.245, p = 0.027) and the elderly group ( = 0.272, p = 0.005).

B =0.72, p <0.001

* Infected

10
=&= Uninfected

PSQI Score

PTSD Score

Figure 2: Regressions between PSQI (Y-axis) scores and PTSD (X-axis) scores in infected and uninfected individuals
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Stepwise regression analysis was conducted using age group (young = 0, elderly = 1), infection status
(uninfected = 0, infected = 1) and physical and mental health indicators as predictor variables to predict the
PSQI scores. The results demonstrated that age group (f = 0.555, p < 0.001), previous infection (8 = 0.165,
p =0.003) and PTSD ( = 0.239, p = 0.037) were significant predictors in the model, accounting for 60.6% of
the variance in PSQI scores (Table 3).

Table 3: Stepwise regression analysis result for sleep quality

B T P 95% CI R
Low High
Age group 0.555 4.888 <0.001 2.937 6.930 0.606
Infection 0.165 3.018 0.003 ~0.443 2.128
PTSD 0.239 2.103 0.037 0.003 0.099

Note: CI, Confidence Interval; PTSD, Post-Traumatic Stress Disorder Self-Assessment Scale.

4 Discussion

To the best of our knowledge, this study is the first to examine physical health and sleep quality three
months after mild COVID-19 infection across age groups, compared with a matched uninfected population.
The main findings of this study were that both young and elderly infected individuals experienced even worse
sleep quality compared to their uninfected peers three months following COVID-19 infection. However,
there was no significant impairment in physical fitness among the infected participants when compared to
their uninfected peers. Additionally, the study found that older individuals were more likely to experience
sleep disorders than younger individuals. The severity of sleep disorders was significantly worse in the elderly
infected group compared to the young infected group.

4.1 Physical Fitness and Sleep Quality between Infected and Uninfected Peers

Given the fact that physical exertion malaise is a common symptom in the aftermath of COVID-
19 [38,39], in this study, objective measurements were used to evaluate and assess the physical health
indicators of individuals, with a focus on hand grip strength, flexibility, and cardiorespiratory fitness. This
finding indicates that, within this time frame, the COVID-19 infection did not have along-lasting detrimental
effect on the physical fitness of the participants, regardless of their age. Both young and elderly women who
recovered from COVID-19 demonstrated comparable physical fitness levels to those who were never infected,
indicating the impact of the infection is temporary and reversible in relatively healthy females.

The fast recovery in physical fitness post-COVID-19 seems potentially facilitated by factors such as
differences in physical active levels [40-43], SARS-CoV-2 variants [44], lockdown policy [45] and time for
testing after acute infection (1-12 months) [5,10,46]. Reports have highlighted those adults who remained
physical active during the COVID-19 pandemic had a reduced likelihood of developing long COVID [41].
Thus, it cannot be excluded that active exercise habits of the recruited individuals in this study likely
promote recovery, mitigating temporary physical impairments. Moreover, the prevalence of virus infections
in China has largely been made up of Omicron variants (mainly strains BA.5.2 and BE7) since November
2022 [26]. Given that Omicron variants have a lower risk of severe COVID-19, particularly in vaccinated
individuals [47], compared to Delta variants [48], mild viral infections may not cause a significant reduction
in physical fitness. However, it is important to note that while physical fitness level appears to have
normalized, this does not encompass other dimensions of health, such as sleep quality and mental health.
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The results of the self-reported sleep quality (PSQI score) indicated that both young and elderly
individuals had worse sleep quality three months after infection with COVID-19 compared to their unin-
fected peers. This study is in line with previous observations conducted by Peixoto et al. [49], Ahmed
etal. [50] and Taquet et al. [8]. Sleep disturbances were identified as one of the most frequently documented
and longest-lasting post-COVID-19 symptoms, causing continuing issues at the time of infection and
during rehabilitation [49,51]. Notably, prior studies have noted the importance of the higher likelihood
of the presence of post-COVID-19 conditions in infected female and the elderly. Women were at higher
risk of developing long-term post-COVID-19 symptoms, including anxiety, depression, or poor sleep
quality [52,53]. They were more likely to have persistent post-COVID-19 symptoms with age [49,54,55].
This information was highly relevant to the present study as it highlights the need for a gender-specific
and age-sensitive approach in the treatment and management of post-COVID-19 conditions. By identifying
women and the elderly as high-risk groups, interventions can be tailored to address their specific needs
and vulnerabilities.

4.2 Sleep Quality between Youth and the Elderly

This study revealed poorer sleep quality among both younger individuals and the elderly after three
months compared to non-infected individuals. The elderly had poorer sleep quality compared to the younger
population, with more than 90% of the elderly continuing to experience moderate or severe insomnia,
a condition that was independent of whether or not they had contracted the virus. Previous data have
shown that the prevalence of sleep problems in the general population reached approximately 40% during
the COVID-19 pandemic, significantly higher than the 15% rate reported in a meta-analysis [56]. In
addition, 65% of infected individuals reported decreased sleep quality compared with healthy controls [57],
highlighting the common decrease in sleep quality during the COVID-19 pandemic, especially among
infected individuals.

Consistent with previous research, a higher prevalence of sleep problems or a worse sleep quality was
reported in infected individuals [58,59], with symptoms lasting even after 12 months of recuperation [60,61].
Infected individuals, particularly those in severe or hospitalized conditions, experienced poorer sleep
quality [62]. This study further suggests that even COVID-19 infection with the relatively mild Omicron
variant still had an impact on sleep quality, underscoring the importance of long-term research efforts.

Whether age has an impact on sleep quality remains inconclusive. A meta-analysis has shown that
age and gender are not significant predictors of the prevalence of sleep disorders [63]. However, research
indicates that younger adults in their twenties and thirties frequently encounter more disruptions in sleep
patterns compared to older age groups [61]. Additionally, Gui et al. [57] reported that poor sleep quality is
more common in older infected individuals, suggesting that age can influence sleep quality. On the other
hand, Abuhammad et al. [61] revealed that the prevalence of poor sleep quality increases with age [61].
The relationship between age and sleep quality during the COVID-19 pandemic appears complex and
inconclusive, potentially influenced by various factors and interactions with each other. Discrepancies could
be due to differences in socioeconomic status [50,61] assessment instruments [56], recovery periods [60,64]
and underlying health conditions [65-67].

4.3 Association between PTSD and Sleep Quality

In the present study, age, history of infection, and PTSD were determinants of sleep quality, together
explaining 60.6% of the PSQI score. Among these three factors, infection with COVID-19 had a generalized
effect on sleep quality across age groups, while PTSD primarily negatively influenced sleep quality in
young women.
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This study demonstrated a significant association between PTSD symptoms and sleep quality in young
women. Consistent with the recent studies conducted during the pandemic reporting associations between
poor sleep and PTSD [68,69], infected individuals with PTSD not only struggled with falling asleep but were
also at a higher risk of experiencing nightmares and insomnia [68]. Additionally, research has suggested
that the increase in nightmare frequency during the pandemic is partially mediated by post-traumatic stress
symptoms [70]. Consequently, PTSD symptoms appear to emerge as a unique predictor of sleep quality
during the COVID-19 pandemic [68]. On the other hand, infected individuals face direct threats to their
physical health, in addition to discomfort caused by symptoms and physiological fears, which exacerbate
PTSD symptoms. These mental health issues and sleep quality have a bidirectional relationship [8]. Con-
versely, uninfected individuals face relatively fewer health threats, which may reduce their risk of enduring
lasting psychological trauma.

Interestingly, PTSD scores were not significantly correlated with sleep quality among the elderly
population, regardless of COVID-19 infection status. A possible explanation for this finding could be that
fears related to COVID-19 detrimentally affected sleep quality, as heightened anxiety and worry exacerbate
sleep disturbances [65]. Both uninfected and infected elderly individuals may share concerns about COVID-
19, with infected individuals worrying about the direct effects of the virus and uninfected individuals fearing
potential infection. Despite these different concerns, similar scores on PTSD measures were observed,
and thus, there was no observable association between PTSD and sleep quality. Worries about COVID-
19 infection and the inability to return to normal daily life due to the COVID-19 pandemic may lead
to poorer sleep quality in this vulnerable group. Given the higher mortality risk, older adults are under
considerable physical and psychological stress, potentially making them more susceptible to issues such as
insomnia and depression [67]. Notably, the psycho-social burden seems to have influenced sleep quality
more than the infection itself during the COVID-19 pandemic [49]. These findings highlight the need
for targeted interventions to address insomnia and related psychological impacts for elderly individuals
post-COVID-19 [71].

In this study, age group, history of previous infection, and PTSD were found to be significant predictors
of sleep quality, providing clinicians with a basis for risk assessment. During the treatment and rehabilitation
of individuals with COVID-19, doctors can assess the risk of sleep disorders based on the infected individuals’
age, infection history, and psychological state and take appropriate preventive measures. Health education
for infected individuals recovering from COVID-19 can be strengthened to raise their awareness of sleep
problems and encourage them to adopt a positive lifestyle, such as regular work and rest, moderate exercise,
and a reasonable diet, to prevent the occurrence of sleep disorders.

The results of this study provide a new direction for further research on the long-term effects of COVID-
19 infections. Future studies could explore the mechanisms of the occurrence of sleep quality problems after
COVID-19 infection, including the effects of the virus on the nervous system and the relationship between
immune response and sleep regulation. This will help to better understand the pathophysiological process
of COVID-19 infection and provide a theoretical basis for developing more effective treatments.

5 Limitations

This study has a few limitations. First, although it utilizes a cross-sectional research design, the sampling
of the older adult population may not be fully representative of their group. Future studies may need to
consider older adults with medical conditions. Second, due to the sample being restricted to females, there
may be limitations in generalizing the research findings to the entire population. Third, the confirmed
cases in this study were self-reported by the infected individuals and then confirmed by PCR testing or
antigen testing. However, antigen testing has some limitations in terms of accuracy compared to PCR testing.
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Therefore, asymptomatic carriers could not be ruled out in this study, and future research could include
regular, continuous testing of study subjects, with dynamic monitoring helping to identify potential carriers
more accurately. Furthermore, future research could prioritize longitudinal studies to track and evaluate
participants, enabling prompt identification of the ongoing effects of COVID-19 infection.

6 Conclusion

After three months of infection with COVID-19, both young and elderly women experienced even
worse sleep quality compared to their uninfected peers, despite no further impairment in physical fitness.
Regardless of infection, the elderly individuals had more sleep disorders than their younger counterparts,
highlighting the need to address the long-term health implications of COVID-19 and to provide sufficient
assistance to vulnerable populations.
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