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Abstract: Despite that sleep disturbance and poor neurocognitive performance are common complaints among coronavirus 
disease 2019 (COVID-19) survivors, few studies have focused on the effect of post-COVID-19 sleep disturbance (PCSD) on 
cognitive function. This study aimed to identify the impact of PCSD on neurocognitive function and explore the associated risk 
factors for the worsening of this condition. This cross-sectional study was conducted via the web-based assessment in Chinese 
mainland. Neurocognitive function was evaluated by the modified online Integrated Cognitive Assessment (ICA) and the 
Number Ordering Test (NOT). Propensity score matching (PSM) was utilized to match the confounding factors between 
individuals with and without PCSD. Univariate analyses were performed to evaluate the effect of PCSD on neurocognitive 
function. The risk factors associated with worsened neurocognitive performance in PCSD individuals were explored using 
binary logistic regression. A total of 8692 individuals with COVID-19 diagnosis were selected for this study. Nearly half (48.80%) 
of the COVID-19 survivors reported sleep disturbance. After matching by PSM, a total of 3977 pairs (7954 individuals in total) 
were obtained. Univariate analyses revealed that PCSD was related to worse ICA and NOT performance (P<0.05). Underlying 
disease, upper respiratory infection, loss of smell or taste, severe pneumonia, and self-reported cognitive complaints were associated 
with worsened neurocognitive performance among PCSD individuals (P<0.05). Furthermore, aging, ethnicity (minority), and 
lower education level were found to be independent risk factors for worsened neurocognitive performance in PCSD individuals 
(P<0.05). PCSD was related to impaired neurocognitive performance. Therefore, appropriate prevention and intervention 
measures should be taken to minimize or prevent PCSD and eliminate its potential adverse effect on neurocognitive function.
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1 Introduction 

The global incidence of coronavirus disease 2019 

(COVID-19) has exceeded 760 million cases until 

August 2023 (World Health Organization, 2023). Re‐

markably, even though a substantial proportion of 

patients avoid severe complications, most of them may 

experience post-COVID-19 conditions during the 

recovery phase (i.e., fatigue, physical discomfort, and 
impaired taste and smell) and neurocognitive impair‐
ment (i.e., attention deficit and memory decline) (World 
Health Organization, 2023). Additionally, a wide range 
of mental and psychological issues have been reported, 
such as insomnia, depression, anxiety, posttraumatic 
stress disorder (PTSD), and obsessive compulsive dis‐
order (OCD) (Salfi et al., 2023). Post-COVID-19 con‐
ditions significantly diminish the quality of life (QoL) 
of COVID-19 survivors (Amdal et al., 2021; Ceban 
et al., 2022).

Sleep disturbance and worsened neurocognitive 
performance are common and distressing problems 
among COVID-19 survivors (Iqbal et al., 2021; Crivelli 
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et al., 2022). A previous study revealed that 78.60% 
of post-COVID-19 individuals experienced sleep dis‐
turbance (Jahrami et al., 2022). According to Davis et al. 
(2021), the overall incidence rate of post-COVID-19 
sleep disturbance (PCSD) was 28.98%. During the 
post-COVID-19 recovery period, sleep disturbance nega-
tively impacted QoL (Linh et al., 2023). One study 
suggested that abnormalities in neurocognitive func‐
tion can persist even 11 months after COVID-19 in‐
fection (Tedjasukmana et al., 2023). Another study con‐
ducted comprehensive neuropsychological assessments 
among COVID-19 patients and revealed widespread 
deficits in attention, processing speed, memory, execu-
tive function, language, and visuospatial abilities (Díez-
Cirarda et al., 2023). A longitudinal study revealed 
that the worsened neurocognitive performance persisted 
in 12% to 34% of patients during one-year follow-up 
(Oliver et al., 2023). Neurocognitive function includes 
attention, working and episodic memory, and execu‐
tive function, which are all vulnerable to sleep disturb-
ance (Pearson et al., 2023; Zaheed et al., 2023). The 
COVID-19 infection-associated decline in neurocog‐
nitive performance has been described, but the litera‐
ture has yet to document any evidence of worsened 
neurocognitive performance associated with PCSD.

Early post-COVID-19 neurocognitive studies were 
limited by their accessibility, particularly because they 
relied on traditional cognitive assessment methods, 
which are inherently restricted by the need for physical 
patient presence and excessive time and space require‐
ments. Moreover, traditional methods are inadequate 
and insensitive in evaluating subtle neurocognitive func‐
tional changes in post-COVID-19 cognitions (Ceban et al., 
2022). Due to the rapid spread of severe acute respi‐
ratory syndrome coronavirus 2 (SARS-CoV-2) and the 
large scale of infection, the challenges associated with 
traditional methods have become more prominent. Con‐
sequently, the need for high-quality digital cognitive as‐
sessments that can be conducted remotely and asynchron-
ously has become increasingly evident. These assess‐
ments are crucial for addressing the growing demand for 
neuropsychological evaluation (Becker et al., 2023).

This study aimed to elucidate the association be‐
tween PCSD and neurocognitive function using digital 
neurocognitive tasks. We hypothesized that COVID-19 
survivors with sleep disturbance would exhibit worse 
neurocognitive performance than survivors without sleep 
disturbance.

2 Methods 

2.1 Participants and procedures

This cross-sectional study was conducted between 
January 15 and 29, 2023 at the Nanfang Hospital, 
Southern Medical University (Guangzhou, China), to 
assess neurocognitive function via a digital question‐
naire and digital neurocognitive tasks in COVID-19 
survivors. The snowball sampling method was used. 
All inclusion and exclusion criteria were based on self-
reported information. Eligible individuals were required 
to meet the following criteria: (1) a history of COVID-19 
infection; (2) ≥18 years of age; (3) residence in Chinese 
mainland; (4) no presence of severe upper limb joint 
issues or movement disorders; and (5) no existing visual 
impairment.

Individuals excluded from this study included those 
with (1) dementia; (2) current mental disorders (i.e., 
schizophrenia, bipolar disorder, or major depression) 
or brain diseases (i.e., cerebrovascular or cardiovas‐
cular accidents, or epilepsy) that might affect the as‐
sessment result; and (3) taking medications that could 
bias the results (i.e., sedative-hypnotic drugs, antipsy‐
chotic drugs, or nonsteroidal anti-inflammatory drugs). 
A self-reported questionnaire was used to assess the 
inclusion and exclusion criteria. The flowchart of this 
investigation is presented in Fig. 1.

2.2 Measurements

2.2.1　Clinical data

We used a digital self-assessment questionnaire 
to collect information on sociodemographic character‐
istics, including gender, age, height, weight, ethnicity, 
marital status, and education level. COVID-19-related 
factors, including history of SARS-CoV-2 infection, 
date of infection and recovery, presence of underlying 
disease, and presence of the conditions (asymptomatic 
infection, upper respiratory infection, loss of smell or 
taste, and severe pneumonia) during the epidemic of 
COVID-19, were also recorded. In addition, post-
COVID-19 cognitive complaints (inflexible thinking 
and slowed information processing speed) and sleep 
disturbance were also investigated. Inflexible thinking 
was self-reported using the question “Did you feel 
thinking become inflexible after recovering from 
COVID-19?” with the option “Yes” or “No.” Slowed 
information processing speed was self-reported using 
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the question “Did you feel a slowdown in information 
processing speed after recovering from COVID-19?” 
with the option “Yes” or “No.” Sleep disturbance was 
self-reported using the question “Did you suffer sleep 
disturbance after recovering from COVID-19?” with 
the option “Yes” or “No.”

2.2.2　Digital neurocognitive tasks

Each individual was required to finish the digital 
neurocognitive tasks on a mobile phone based on the 
Integrated Cognitive Assessment (ICA) and the Number 
Ordering Test (NOT).

The ICA is a 5-min computerized neurocognitive 
assessment tool focusing on a rapid visual categoriza‐
tion task. The ICA evaluates the information process‐
ing speed and semantic processing by measuring ac‐
curacy and response reaction time (RT) (Khaligh-Razavi 
et al., 2019). In the test, 100 grayscale natural images 
(50 animals and 50 nonanimals) of varying difficulty 
were presented in the center of the smartphone screen. 
Each image was shown for 100 ms followed by a 20-ms 
interstimulus interval (ISI) and a 250-ms dynamic noisy 

mask. Then, the participants were asked to click on the 
screen as quickly as possible following the rules for 
categorizing animals vs. nonanimals (Kalafatis et al., 
2021). The ICA is strongly correlated with the Montreal 
Cognitive Assessment (MoCA) and Addenbrooke’s 
Cognitive Examination-Revised (ACE-R) scores. It is 
a dominant standard cognitive assessment tool in both 
primary care and memory clinic settings (Khaligh-
Razavi et al., 2019; Shore et al., 2023).

NOT is a combination and adaptation of the 
Digital Ordering Test (DOT) and Trail Making Test-A 
(TMT-A) (Werheid et al., 2002; Bowie and Harvey, 
2006), which was adapted to a mobile-friendly platform. 
It evaluates executive functioning, working memory, 
visual scanning, and information processing speed. If 
the participant clicks incorrectly, the trial will immedi‐
ately progress to the next trial. Participants were asked 
to connect a series of 3 to 7 digits in ascending order. 
The total time for the NOT was limited to 1 min. The 
primary variables of interest were the total score and 
accuracy of the completed trials in NOT. The total score 
was calculated by multiplying the number of correctly 
clicked digits by the accuracy of the completed trials. 
We selected this task based on its sensitivity in detect‐
ing cognitive impairment in individuals, as observed 
in previous studies, or its proven ability to detect even 
subtle cognitive impairments in studies conducted with 
other clinical populations (Unsal et al., 2021; Chen 
et al., 2022). The testing processes of the online ICA 
and NOT are presented in Fig. 2.

2.3 Statistical analysis

We excluded data from questionnaires with in‐
correct or missing answers and abnormal data from 
digital neurocognitive function tasks. We removed data 
that exceeded three standard deviations (SDs) above 
the normative mean for RTs. In addition, we also ex‐
cluded participants with an accuracy rate lower than 
50% in the ICA and an accuracy rate or a total score 
lower than three SDs below the normative mean in the 
NOT. We reported categorical variables as frequency 
(percentage), and continuous variables that were con‐
sidered normally distributed as mean±SD. Otherwise, 
data were reported as median (interquartile range). The 
Chi-square test, t-test, or rank sum test was used in 
univariate analyses.

In order to minimize the impact of potential con‐
founding factors, we utilized propensity score matching 

Fig. 1  Flowchart of the study. PCSD: post-coronavirus 
disease 2019 (COVID-19) sleep disturbance.
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(PSM), a statistical technique aimed to balance the 
covariates between groups. PSM ensures that any dis‐
parities in the observed outcomes are ascribed to sleep 
disturbance rather than the impact of confounding 
factors. PSM typically requires a large sample size 
to achieve high-quality matching, which may not be 
feasible in some studies. The propensity scores were 
calculated by logistic regression. We performed 1:1 
greedy nearest neighbour matching with a caliper of 
0.03, relying on the R package “MatchIt.” After match‐
ing, we conducted appropriate statistical tests to com‐
pare the clinical outcomes between the two groups. 
Furthermore, we used the Chi-square test to compare 
differences in neurocognitive task scores between 
COVID-19 survivors with and without sleep disturbance. 
We defined survivors in the worsened neurocognitive 
performance group as those whose RT, accuracy of 
ICA, and total score of NOT were the lowest at 27%. 
We used binary logistic regression to explore the risk 
factors for worsened neurocognitive performance 
among survivors with sleep disturbance. All statistical 
analyses were performed by using R software version 

4.3.1. P values of <0.05 were considered to indicate 
statistical significance.

3 Results 

3.1 Participant information

A total of 10 108 participants were recruited, 
among which 9301 individuals had a recorded diag-
nosis of COVID-19 during the breakout pandemic. We 
extracted valid data for 8692 COVID-19 survivors. 
Altogether, 4236 individuals with PCSD and 4456 in‐
dividuals without PCSD were enrolled in this survey 
and completed the assessment. There were statisti‐
cally significant differences in age, gender, body mass 
index (BMI), education level, and marital status be‐
tween COVID-19 survivors with and without sleep 
disturbance.

3.2 Propensity score matching

We employed the PSM method to match the socio-
demographic characteristics of COVID-19 survivors 

Fig. 2  Processes of the ICA and the NOT. For ICA: before the ICA task was started, we set up a practice mode that 
included ten test images (five animals and five nonanimals) to familiarize the participants with the task; the practice 
mode was not included in data analysis. For digital neurocognitive tasks: participants were instructed to conduct the 
test in a quiet environment, ensuring that incoming calls were forwarded and the internet connection was smooth. 
ICA: Integrated Cognitive Assessment; NOT: Number Ordering Test.
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with and without sleep disturbance. A total of 3977 
PCSD individuals were adequately matched to an equal 
number of non-PCSD individuals. After matching, the 
baseline characteristics of the two groups were balanced 
and comparable. Table 1 validates the comparability 
of the two matched groups in terms of age, gender, 
BMI, ethnicity, education level, and marital status (P>
0.05). The distribution of propensity scores before and 
after matching (Fig. 3) revealed that the absolute stan‐
dardized mean differences (SMDs) in age, gender, BMI, 
ethnicity, education level, and marital status were all less 
than 0.1.

3.3 Comparison of neurocognitive function between 
the PCSD and non-PCSD groups

After PSM, we conducted univariate analyses. 
The violin plot (Fig. 4) well illustrates the statistically 
significant differences in ICA-RT, ICA-accuracy, NOT 
total score, and NOT trial accuracy between PCSD 
and non-PCSD individuals.

Specifically, statistically significant differences 
were observed in most neurocognitive tasks between 
COVID-19 survivors with and without sleep disturb-
ance (Table 2). In the ICA, compared to those in 
the non-PCSD group, those in the PCSD group had 
longer RT (RT (ms): 947.88 (871.34, 1045.12), P=

0.003). Specifically, the PCSD group exhibited 
longer RT in both the animal and nonanimal picture 
recognition tasks (RT-animal (ms): 940.58 (864.34, 
1032.91), P=0.002; RT-nonanimal (ms): 958.28 
(876.44, 1057.30), P=0.005). In addition, survivors 
with sleep disturbance achieved lower accuracy in 
all picture recognition tasks and animal picture rec‐
ognition (accuracy (% ): 92 (87, 95); accuracy-
animal  (%): 90 (84, 94); P<0.001 for both). More‐
over, there were no significant differences between 
two groups in terms of the ICA-accuracy in nonani‐
mal pictures.

Similarly, in the NOT, compared to those in the 
non-PCSD group, participants in the PCSD group 
had lower total score and trial accuracy (total score: 
52.80 (44.37, 60.35), P<0.001; trial accuracy (%): 88 
(81, 94), P=0.002), and longer RT (RT (ms): 3250.71 
(2973.00, 3580.71), P=0.003).

3.4 Neurocognitive function among different 
subgroups of PCSD individuals

We next conducted a comprehensive stratification 
of the population based on COVID-19-related factors 
to further investigate the neurocognitive function of 
COVID-19 survivors with sleep disturbance across dif‐
ferent subgroups (Table 3).

Table 1  Sociodemographic characteristics between PCSD and non-PCSD individuals

Characteristics

Gender (female)

Age (years)

BMI (kg/m2)

Ethnicity (Han)

Education level

Secondary or below

Junior college or undergraduate

Master’s or above

Marital status

Unmarried

Married

Divorced

Widowed

Unmatched

PCSD
(n=4236)

3261 (76.98%)

34.76
(27.76, 42.47)

22.04 
(20.08, 24.46)

3909 (92.28%)

361 (8.52%)

2796 (66.00%)

1079 (25.47%)

1483 (35.01%)

2576 (60.81%)

150 (3.54%)

27 (0.64%)

Non-PCSD
(n=4456)

3002 (67.40%)

33.09
(26.94, 41.21)

22.27
(20.28, 24.80)

4130 (92.68%)

316 (7.09%)

2968 (66.61%)

1172 (26.30%)

1725 (38.71%)

2578 (57.85%)

130 (2.92%)

23 (0.52%)

Z/χ2

99.67

−5.22

−2.92

0.51

6.40

14.45

P value

<0.001a

<0.001b

0.004b

0.476a

0.041a

0.002a

Matched

PCSD
(n=3977)

3003 (75.51%)

33.85
(27.32, 42.10)

22.04
(20.06, 24.46)

3665 (92.15%)

326 (8.20%)

2626 (66.03%)

1025 (25.77%)

1458 (36.66%)

2364 (59.44%)

130 (3.27%)

25 (0.63%)

Non-PCSD
(n=3977)

2995 (75.31%)

33.36
(27.00, 41.53)

22.04
(20.08, 24.54)

3689 (92.76%)

296 (7.44%)

2629 (66.10%)

1052 (26.45%)

1494 (37.57%)

2341 (58.86%)

121 (3.04%)

21 (0.53%)

Z/χ2

0.04

−1.91

 −0.29

1.04

1.80

1.22

P value

0.835a

0.056b

0.771b

0.308a

0.407a

0.748a

For PCSD and non-PCSD, data of age and BMI are expressed as median (interquartile range), and others as frequency (percentage). P values in 
bold indicate statistical significance. a χ2 test; b Mann-Whitney U-test. PCSD: post-coronavirus disease 2019 (COVID-19) sleep disturbance; 
BMI: body mass index.
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Regarding the COVID-19-related symptoms and 
post-COVID-19 cognitive complaints, survivors with 
upper respiratory tract infection and loss of smell or 
taste had worse performance in terms of ICA-accuracy 
and NOT total score (P<0.05 for both). Severe pneu‐
monia and inflexible thinking after recovery were sig‐
nificantly different only in terms of ICA-accuracy (P<
0.05). Slowed processing speed after recovery was sig‐
nificantly lower in the ICA tasks (P<0.05). Having an 
underlying disease was associated with worse perform-
ance in most of the ICA and NOT results (P<0.001).

3.5 Binary logistic regression analysis

Fig. 5 depicts the results of binary logistic regres‐
sion analysis to explore the risk factors for worsened 
neurocognitive performance among individuals with 
PCSD. Age was considered as a risk factor for worsened 
neurocognitive performance (odds ratio (OR)=1.10, 
95% confidence interval (CI) 1.08‒1.12, P<0.001). 
Regarding the education level, a Master’s degree or 
above was a protective factor for neurocognitive func‐
tion (OR=0.24, 95% CI 0.15‒0.38, P<0.001), followed 
by a junior college education or undergraduate educa‐
tion (OR=0.43, 95% CI 0.31‒0.62, P<0.001). Ethnic 
minority survivors had significantly worse neurocog‐
nitive function than Han survivors (OR=2.02, 95% 
CI 1.28‒3.08, P=0.002). In general, age, ethnicity 
(minority), and lower education level were found to 
be independent risk factors for worse neurocognitive 
performance among individuals with PCSD.

4 Discussion 

The present study is the first of its kind to inves‐
tigate the association between neurocognitive function 

Fig. 3  Absolute standardized mean differences (SMDs) 
before and after matching. BMI: body mass index.

Fig. 4  Violin plot analyses comparing the levels and distributions of neurocognitive function between the PCSD and 
non-PCSD groups. A total of 7954 participants were used for analysis. **P<0.01; ***P<0.001. PCSD: post-coronavirus 
disease 2019 (COVID-19) sleep disturbance; ICA: Integrated Cognitive Assessment; NOT: Number Ordering Test; RT: 
reaction time.
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and PCSD in a large Chinese population. The results 
show that nearly 48.80% of COVID-19 survivors 
reported PCSD, which was associated with worsened 
neurocognitive performance. Underlying disease, 
COVID-19-related symptoms (upper respiratory infec‐
tion, loss of smell or taste, and severe pneumonia), and 
self-reported cognitive complaints (inflexible thinking 
and slowed processing speed) after recovery were 
associated with worsened neurocognitive performance 
among individuals with PCSD. Furthermore, age, 
ethnicity (minority), and lower education levels were 
found to be independent risk factors for worsened 
neurocognitive performance.

We found that individuals with PCSD exhibited 
worsened neurocognitive performance, indicating mild 
deficits in executive functioning and information pro‐
cessing. Although the differences between the two 
groups were relatively minor, they may be considered 
clinically significant. According to our results, PCSD 

individuals with cognitive complaints had poorer 
cognitive function, whereas the non-PCSD group did 
not share these patterns. This further underscores the 
detrimental impact of sleep disturbance on neurocog‐
nitive function (Table S1). A previous review high‐
lighted that more cognitive complaints were related 
to poorer self-reported sleep quality in almost all the 
included studies (Duivon et al., 2022). Self-reported 
cognitive complaints were correlated with worsened 
neurocognitive performance (Carone and Ben-Porath, 
2014; Fortier-Brochu and Morin, 2014). Digital neuro-
cognitive tasks provide a cost-saving and conve‐
nient tool for large-scale data collection and repeated 
measurements, and are suitable for screening for sub‐
tle changes in early neurocognitive function. Early 
identification of the subtle difference between the 
two groups is an important aspect of long COVID-19, 
but this will require further confirmation via a cohort 
study.

Fig. 5  Forest plots of binary logistic regression model of PCSD. PCSD: post-coronavirus disease 2019 (COVID-19) sleep 
disturbance; BMI: body mass index; OR: odds ratio; CI: confidence interval.

180



J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2025 26(2):172-184    |

Several reasons may explain the difference in 
neurocognitive performance between the two groups. 
First, sleep disturbance results in a decrease in sleep 
quality, including disruptions in sleep depth and conti‐
nuity. Poor sleep quality can in turn have potential 
adverse effects on the brain’s recovery and memory 
processing abilities (Tranah et al., 2011; Alperin et al., 
2019). Second, sleep disturbance has been linked to 
worsened emotional distress, which may lead to a de‐
cline in neurocognitive function, including attention, 
memory, and decision-making abilities (Malik et al., 
2022). Third, the inflammatory response caused by im‐
mune dysregulation in the body after recovery from 
COVID-19 infection may result in brain damage, lead‐
ing to cognitive impairment (Muccioli et al., 2020). 
Accumulating evidence underscores that sleep disturb-
ance activates cellular and molecular processes related 
to inflammation and increases the risk of neurocogni‐
tive impairment (Irwin and Vitiello, 2019). An interac‐
tion between sleep disturbance and the inflammatory 
effects of COVID-19 infection is proposed as a possible 
cause of the established group differences. However, 
further studies should focus on the lasting effect of 
long COVID-19 on neurocognitive function. The above 
findings may guide the exploration of effective inter‐
ventions for preventing impairment of neurocognitive 
function after long COVID-19.

According to our results, there were no signifi‐
cant differences in neurocognitive function decline be‐
tween survivors with asymptomatic or symptomatic 
infections, indicating that even without COVID-19-
related symptoms, survivors still exhibit worsened neuro‐
cognitive performance, emphasizing the need to be at‐
tentive to the potential effects of PCSD. Moreover, sur‐
vivors with COVID-19-related symptoms (such as loss 
of smell, upper respiratory tract infections, severe pneu‐
monia, and other complications) exhibited worsened 
neurocognitive performance. Several studies have in‐
dicated that this could be attributed to factors such as 
inflammation and inadequate oxygen supply (Muccioli 
et al., 2020; Solomon et al., 2020). However, in this 
study, we revealed that COVID-19-related symptoms 
were not independent risk factors for worsened neuro‐
cognitive performance in survivors with PCSD.

In this study, we identified age as an independent 
risk factor for diminished neurocognitive performance. 
Although the regression analysis did not yield statistic-
ally significant differences for females, we could 

observe a noticeable trend towards inferior neurocog‐
nitive performance among PCSD females (OR=1.39, 
95% CI 0.99‒1.97, P=0.060). Neurocognitive decline 
occurs with increasing age, and this decline has been 
demonstrated to be pervasive (Dzierzewski, 2022). 
Zhang et al. (2019) reported that the proportion of 
elderly COVID-19 survivors with deteriorated neuro‐
cognitive function was the highest in China, and female 
elderly individuals tended to experience more severe 
neurocognitive impairment, which is consistent with 
our findings. Previous studies have shown a greater 
incidence of insomnia in females following COVID-19 
infection (Jee et al., 2020; Linh et al., 2023), and 
females generally exhibited poorer cognitive function 
than males in the insomnia population, particularly in 
terms of sustained attention (Corsi-Cabrera et al., 2003). 
Neuroimaging studies have demonstrated that females 
exhibited more pronounced changes in brain regions 
involved in sleep and memory processes than males 
(Santhi et al., 2016; Gong et al., 2021). These findings 
may help explain the trend in gender difference in 
neurocognitive function observed among survivors with 
sleep disturbance.

In this study, ethnicity (minority) and lower educa‐
tion were associated with worsened neurocognitive per‐
formance in a Chinese population. Previous studies in 
the United States have shown that sleep disturbance or 
neurocognitive impairments are more common among 
racial/ethnic minorities (i.e., Hispanics) than among 
Whites (Bryant et al., 2014; Chen et al., 2015; Jang 
et al., 2022). These differences could be attributed to 
cultural variances, dietary preferences, and diverse life‐
style practices among various ethnic groups, which may 
also be applicable to our results. For education level as 
a study parameter, we found that higher education was 
a protective factor against neurocognitive performance 
degradation. These findings align with previous studies 
indicating that higher education levels can enhance 
neurocognitive reserve and safeguard against neurocog‐
nitive impairment among PCSD individuals (Duindam 
et al., 2022; Liu et al., 2022; Valdes et al., 2022).

5 Limitations and future directions 

This study has several limitations. First, the use 
of a cross-sectional design prevented us from estab‐
lishing causality between variables. Second, the lack 
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of baseline data on neurocognitive function prior to 
infection limited our ability to assess the impact of 
COVID-19-related neurocognitive impairments during 
the recovery period. Third, no formal measure of in‐
somnia was used in the tests, so further research should 
implement standard interviews or questionnaires to 
assess insomnia incidence. Finally, due to the different 
device configurations and software packages, digital 
neurocognitive assessments might have caused system‐
atic measurement biases during the testing process, 
which could impact the accuracy and generalizability 
of the test results.

6 Conclusions 

In summary, PCSD was related to worsened 
neurocognitive performance, proving our hypothesis. 
Age, ethnicity, and lower education level were found 
to be independent risk factors for worsened neurocog‐
nitive performance in PCSD individuals. For survivors 
with long-term PCSD, adopting interventions such as 
cognitive behavioural therapy for insomnia may be a 
promising option to improve sleep quality and neuro‐
cognitive performance.
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