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In the current study, we aimed (i) to evaluate sleep quality via wrist actigraphy monitoring of nonhospitalized and hospitalized post-COVID-19 condition (PCC) participants; (ii) to correlate actigraphy measures with subjective measures of sleep quality, such as the Pittsburgh Sleep Quality Index (PSQI); and (iii) to investigate whether total sleep time or sleep efficiency could affect PCC cognitive performance. We included 49 individuals with PCC from the NAUTILUS Project (NCT05307549 and NCT05307575) who were monitored for 1 week via actigraphy and who were also assessed with a comprehensive neuropsychological battery and the PSQI. We found that there were significant differences between nonhospitalized PCCs and hospitalized PCCs in the number of awakenings. We also found a correlation between the total sleep time of both measures (actigraphy and PSQI), but we did not observe correlations between objective and subjective parameters of latency and sleep efficiency. Regarding cognition and actigraphy measures, there was a trend of statistical significance in the performance of immediate visual memory, attention span and social cognition according to sleep efficiency. In conclusion, results indicate that although the PSQI provides clinically relevant indicators of sleep, there are divergent results between self-reported and objective sleep measures (actigraphy). Furthermore, we found a tendency toward statistical significance in cognitive performance in PCC participants according to their sleep efficiency which could indicate that is more important for cognitive function of post-COVID-19 patients than total sleep time.

Keywords
 actigraphy; cognition; post-COVID-19 condition; sleep efficiency; sleep quality; total sleep time


1 Introduction

Sleep quality has been widely studied in post-COVID-19 condition (PCC) participants. It has been proven that sleep disturbances are among the most prevalent symptoms in PCC patients, along with cognitive (Ziauddeen et al., 2022; García-Sánchez et al., 2022; Delgado-Alonso et al., 2022; Matias-Guiu et al., 2022; Davis et al., 2021; Guo et al., 2022; Ariza et al., 2022) and emotional alterations (Bourmistrova et al., 2022; Vindegaard and Benros, 2020). In fact, many studies have shown that there is a reduction in sleep quality both in hospitalized and nonhospitalized patients (Akıncı and Melek Başar, 2021; Samushiya et al., 2022; Al-Ameri et al., 2022; Malik et al., 2022; Karimi et al., 2022). However, according to our previous study, there is no significant difference in the severity of the disease (Carnes-Vendrell et al., 2024). However, most of the studies included only subjective sleep quality measures, such as the Pittsburgh Sleep Quality Index (PSQI), because of its ease of administration and due to the fact that it requires less time.

With objective measures such as wrist-actigraphy, it is possible to describe the sleep patterns of the participants in a more realistic manner. Thus, it allows for simultaneous ecological assessment of sleep with noninvasive monitoring, as opposed to polysomnography, which usually requires an overnight stay in the hospital and then an expensive sleep evaluation. According to the Academy of Sleep Medicine, the actigraphy provide useful information and it may be cost-effective method for assessing specific sleep disorders (Ancoli-Israel et al., 2003).

To date, several studies have been published using actigraphy methods to analyze sleep patterns and circadian rhythms during the COVID-19 lockdown. In fact, a systematic review was published in 2023 to summarize the previous literature in this field (Ferreira-Souza et al., 2023). They concluded that actigraphy should be included as part of the sleep hygiene strategy, as it may be the best instrument for obtaining data about sleep patterns. However, only one of the included 15 studies involved COVID-19 patients, and the remaining studies involved the general population (medical staff, children, and students, among others).

There is a large amount of evidence that sleep plays a fundamental role in the regulation of emotions and adequate cognitive functioning. In fact, a lack of adequate sleep is a major source of many harmful diseases related to the heart, the brain, psychological changes, high blood pressure, diabetes, and/or weight gain (Belal et al., 2020; Salehinejad et al., 2022). Previous findings in older adults support the idea that reduced sleep quality can contribute to poor cognitive performance (Lim et al., 2013; Naismith et al., 2010; Lambiase et al., 2014; Blackwell et al., 2006; Blackwell et al., 2011; Yaffe et al., 2014). However, to our knowledge, the relationship between sleep quality and cognition in the PCC has not been studied.

Therefore, in the current study, we aimed (i) to evaluate sleep quality through wrist actigraphy monitoring of nonhospitalized and hospitalized post-COVID-19 condition (PCC) participants; (ii) to correlate actigraphy measures with subjective measures of sleep quality, such as the Pittsburgh Sleep Quality Index (PSQI); and (iii) to investigate whether total sleep time or sleep efficiency could affect PCC participants’ cognitive performance.



2 Methods


2.1 Participants

We included 49 participants from the Nautilus Project (ClincalTrials.gov IDs: NCT05307549 and NCT05307575), 35 of whom were nonhospitalized, which means that only showed mild COVID-19 symptoms in the acute phase and stayed at home, and 14 of whom were hospitalized (presenting moderate to severe symptoms of the disease). The samples were collected at Hospital Universitari Santa Maria (Lleida, SPAIN) and Hospital Universitari Arnau de Vilanova (Lleida, SPAIN).

The inclusion criteria for the PCC group were a confirmed diagnosis of COVID-19 according to the WHO criteria with signs and symptoms of the disease observed during the acute phase, a period of at least 12 weeks after infection, and age between 18 and 65 years. The exclusion criteria were an established diagnosis of a psychiatric disorder, neurological disorder, neurodevelopmental disorder, or systemic pathology known to cause cognitive deficits before COVID-19 infection and motor or sensory alterations that could interfere with the neuropsychological assessment.



2.2 Procedure

Participants were recruited at the Cognitive Disorder Unit of Hospital Universitari Santa Maria (Lleida, SPAIN) and Hospital Universitari Arnau de Vilanova (Lleida, SPAIN). We obtained written informed consent from all of the participants before inclusion. We collected data on sociodemographic characteristics, previous comorbidities and COVID-19 symptoms in the first session. At the second visit, a neuropsychological assessment was performed. Different cognitive domains were assessed with an extensive and comprehensive neuropsychological battery that was described in a previous study (Carnes-Vendrell et al., 2024). All of the evaluations were performed by trained neuropsychologists. The participants were also asked to complete different questionnaires, including the Pittsburgh Sleep Quality Index (PSQI), which allowed us to assess sleep quality. Finally, the participants were monitored for 7 days with a wrist-mounted actigraph (Actiwatch 2, Philips Respironics, Murrysville, PA). We obtained the following variables: total sleep time (hours), time in bed (hours), sleep efficiency (%, defined as the ratio between total sleep time and the time spent in bed), sleep latency (minutes, defined as the time spent awake until the first sleep episode), time spent awake after sleep onset (WASO (minutes), and number of awakenings).

The participants’ anonymity and confidentiality were guaranteed. The Scientific Ethics Committee of the Hospital Universitari Arnau de Vilanova approved both the study and the consent procedure (CEIC 2384), as did the Drug Research Ethics Committee (CEIm) of Consorci Sanitari de Terrassa (CEIm code: 02–20–107-070) and the Ethics Committee of the University of Barcelona (IRB00003099). Additionally, the investigation was conducted in accordance with the latest version of the Declaration of Helsinki.



2.3 Statistical analysis

Descriptive analyses were performed on PCC patients (nonhospitalized vs. hospitalized). For categorical variables, frequencies and percentages were obtained, and for quantitative variables, the means and standard deviations or medians and interquartile ranges (IQRs) were obtained. For the sociodemographic and clinical profiles, quantitative variables were compared between severity groups by using Student’s t test or the Mann–Whitney test, according to normality (verified by using the Shapiro–Wilk test). For categorical variables, groups were compared by using Pearson’s chi-squared tests (or the Fisher’s exact test, if applicable).

To analyze the relationship between the PSQI score and the actigraphy parameters (sleep latency, sleep efficiency and total sleep time), Spearman’s rho correlations were used, given the nonnormality of the parameters.

To analyze the relationships between cognitive parameters and actigraphy parameters (total sleep time and sleep efficiency), nonparametric Pearson’s chi-squared tests were used (or the Fisher’s exact test was applied, if appropriate). Both total sleep time and sleep efficiency were dichotomized according to the median, and cognition variables were converted into dichotomous variables depending on whether the result indicated cognitive impairment (−1 standard deviation from the mean).

The statistical significance level that was used in the analyses was 5% (α = 0.05). All of the analyses were performed with IBM SPSS statistics 26.




3 Results

Of the 49 PCC patients, 35 were not hospitalized, and the mean (M) age was 48.80 years (standard deviation [SD]: 8.75); 14 were hospitalized, with a mean age of 55.14 years (SD: 5.86), and this difference was significant (p = 0.016). In the nonhospitalized-PCC group, the majority of participants were female (77.11%) and had more years of education (M: 14.79; SD: 2.33) (p = 0.042). Participants in the hospitalized PCC group had more comorbidities, such as high blood pressure (42.9%), dyslipidaemia (35.7%), and obesity (42.9%). Table 1 shows the clinical and sociodemographic characteristics of the sample.



TABLE 1 Clinical and sociodemographic characteristics of the sample.
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In terms of sleep quality, the hospitalized PCC participants obtained a mean PSQI total score of 9.50 (SD: 4.50), and the nonhospitalized PCC participants obtained a mean score of 8.70 (SD: 3.20); however, this difference was not significant (p = 0.803). The nonhospitalized-PCC group had a percentage of participants with a score above 5 on the PSQI which indicates poorer sleep quality (81.8% vs. 78.6%, respectively), with no significant differences between the groups (p = 0.796) (Table 1).

According to the actigraphy variables, there were only significant differences in the number of awakenings (p = 0.008) between nonhospitalized PCCs (M: 36.33; IR: 28.71–43.86) and hospitalized PCCs (M: 25.84; IR: 18.67–34.71) (Table 1). We did not observe significant differences in the remaining actigraphy variables, such as sleep latency and efficiency, time in bed or total sleep time, between the nonhospitalized and hospitalized PCC patients.

Regarding the correlation between subjective and objective measures of sleep variables, we evaluated the correlation of sleep latency, sleep efficiency and total sleep time according to the PSQI and actigraphy. We found a correlation between total sleep time and both measures (p = 0.009; Rho Spearman: −0.447) in the nonhospitalized PCC group (Table 2). This negative correlation should be interpreted considering that the higher the PSQI score (which indicates worse sleep quality), the fewer the hours of total sleep time according to the actigraph.



TABLE 2 Correlations between objective and subjectives sleep measures.
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Finally, we evaluated the cognition parameters according to the total sleep time and sleep efficiency of the whole sample (Table 3). We did not observe significant differences in cognition between groups in terms of total sleep time or sleep efficiency. There was a trend toward statistical significance in the performance of immediate visual memory (p = 0.054), attention span (p = 0.056) and social cognition (p = 0.062) according to sleep efficiency; specifically, a lower sleep efficiency corresponded to a worsened cognitive performance.



TABLE 3 Group comparison of cognitive performance in PCC participants according to total sleep time and sleep efficiency.
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4 Discussion

Our study demonstrated significant differences only in the number of awakenings between nonhospitalized and hospitalized PCC patients. Therefore, for the remaining actigraph parameters, PCC participants had the same results regardless of the severity of PCC. When we correlated the wrist-actigraphy results with self-reported variables (PSQI), we found a significant correlation with total sleep time. Finally, when we analyzed the relationships between cognitive performance and total sleep time and sleep efficiency, we found a tendency toward statistical significance in visual memory, attention and social cognition according to sleep efficiency.

Some previous research has shown similar results in terms of subjective and objective measurements of sleep quality. Different studies that were performed only with nonhospitalized PCC participants have obtained results similar to our results for the actigraph parameters (Reid et al., 2024; Henríquez-Beltrán et al., 2022). In addition, our results are comparable to those of previous studies that included only samples of hospitalized PCC patients (Benítez et al., 2022; Targa et al., 2022; Jackson et al., 2023; Henríquez-Beltrán et al., 2022). To our knowledge, there is only one study that included nonhospitalized and hospitalized PCC participants and compared the actigraphy parameters between them. In that study, the authors did not observe a significant difference among PCC participants according to the severity of the disease (Tański et al., 2024). Thus, our results confirm the absence of a relationship between the severity of PCC and actigraphy parameters.

Most of the previous studies that also used wrist-actigraphy and the PSQI did not perform correlation analyses. We demonstrated a correlation between objective and subjective measurements in terms of total sleep time. Tański et al. (2024) also found the same correlation, but they used the Epworth Sleepiness Scale (ESS), which is used to assess daytime sleepiness. Their results also demonstrated correlations between the ESS score and total time in bed and wakefulness after sleep onset. Given the absence of previous studies that analyze the correlation between objective and subjective sleep data, it is not possible to draw any conclusions other than those described. Perhaps the fact that self-reported and subjective measures do not enjoy the same reliability as objective ones can make that many researchers do not consider analyzing this correlation.

Finally, we investigated whether cognitive performance is related to actigraphy parameters such as total sleep time and sleep efficiency. Based on previous studies that demonstrated the importance of good-quality sleep for good cognitive functioning, we analyzed these two variables. Unexpectedly, we did not observe significant results. However, this may be due to the small sample size because we did observe a tendency toward statistical significance in visual memory, attention and social cognition according to sleep efficiency. To our knowledge, only one previous recent study has analyzed cognitive performance and sleep quality in COVID-19 patients. The authors also found that lower sleep efficiency was associated with lower attention and processing speed (Reid et al., 2024). In studies focusing on the role of sleep for cognition but not in COVID-19 population, it is said that sleep is crucial for cognition, specially in elderly people. Sleep fragmentation and absence of deep sleep has been associated with worse cognitive function in older people (Lim et al., 2013; Naismith et al., 2010; Yaffe et al., 2014; Targa et al., 2021).

The strengths of the study include the use of both objective and self-reported measures of sleep quality, such as the PSQI and wrist-actigraphy. In addition, we performed a comprehensive cognitive assessment, which allowed us to explore the possible effects of sleep quality on all cognitive domains. However, several limitations should be considered. First, our relatively small sample size may have limited our ability to achieve statistically significant results. Second, the absence of a healthy control group prevented us from extending our conclusions to the general population. Finally, we cannot forget that this is a cross-sectional study; thus, a longitudinal follow-up would be necessary to observe the evolution of sleep quality and its alterations in PCC participants to determine how they evolve over time.

Despite the end of the pandemic, COVID-19 is still present in the population, and the disease may have a long-lasting impact on health due to persistent COVID-19 symptoms, such as sleep and emotional disturbances, as well as cognitive impairment. Our results confirm that PCC participants suffer from poor sleep quality, which has been corroborated both with objective and subjective measures, and that this may affect their cognitive performance, especially in memory, attention, and social cognition tasks. Although our study did not show significant results for many variables, as we expected, we believe that it is relevant because of its implications. Therapeutic strategies focused on sleep quality may imply improvements in different areas, such as cognition and psychological processes.
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