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Background: Sleep disturbances are included in the six most commonly cited complaints in post-COVID-19 conditions. In order to
find the optimal management approach and enhance Quality of Life (QoL), we intend to explore sleep disturbances that occur in post-
COVID-19 conditions.

Methods: This was a cross-sectional study conducted with interviews and questionnaires using the Pittsburgh Sleep Quality Index
(PSQI) for assessing sleep quality, Insomnia Severity Index (ISI) for assessing insomnia, Epworth Sleepiness Scale (ESS) for assessing
Excessive Daytime Sleepiness (EDS), STOP-BANG questionnaire for assessing Obstructive Sleep Apnea (OSA), and Short Form 36
(SF-36) for assessing QoL. We recruited respondents from several cities in Indonesia and performed an analysis to find the relationship
between sleep disturbance and its association with QoL.

Results: This study involved 757 respondents. They were predominantly female, with a median age of 39 years, no comorbidities, and
had exhibited mild COVID-19 severity. Subjects with post-COVID-19 conditions experienced insomnia, poor sleep quality, normal
sleepiness, and low risk of OSA. Sleep quality caused role limitations due to decreased physical and mental health. Insomnia caused
role limitations due to emotional and social functioning problems. Meanwhile, OSA only affected physical functioning.
Conclusion: Numerous aspects of patients’ QoL are affected by sleep disturbance in post-COVID-19 conditions. A comprehensive
approach and coordinated care pathways must be effectively managed to improve QoL among individuals experiencing sleep
disturbance.
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Introduction
A growing number of individuals who have previously been infected with SARS-CoV-2, the virus that causes COVID-19, have
reported persisting symptoms or the beginning of long-term symptoms for 4 weeks or more after having acute COVID-19."
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According to the World Health Organization, these symptoms are recognized as post-COVID-19 conditions.” A year after onset,
85% of patients still reported having these symptoms, and their impact worsened patients’ quality of life (QoL) after six months’
duration.’

At one-year follow-up, sleep disturbance was one of the six most frequently cited complaints.* According to a related
study, people who had experienced more severe symptoms during COVID-19 infection had worst sleep quality.” Sleep
disturbances can occur for less than 3 months to more than 12 months following an acute infection.® Understanding the
difference in time-frame is essential to comprehend the symptom progression following COVID-19 infection since
different definitions of sleep disturbance possess different underlying processes that require different management.®
A global prevalence meta-analysis study, based on sleep questionnaires, found that the most frequent types of sleep
disturbance were poor sleep quality, excessive daytime sleepiness (EDS), insomnia, and sleep apnea.®

Sleep disturbances in post-COVID-19 conditions are frequently reported by female individuals in their twenties and
thirties who also exhibit comorbidity and had experienced moderate to severe COVID-19 symptoms.” Furthermore, poor
sleep quality has been associated with severe depression and anxiety symptoms.®® The fact that there was a bidirec-
tional relationship between depression/ anxiety symptoms and sleep emphasizes the importance of offering COVID-19
survivors mental health support services after hospital discharge.®

As a vital part of preserving overall health, physical, mental, social, and spiritual functioning, and overall QoL, sleep
is a crucial biological process for ensuring internal homeostasis.” It also plays a crucial regulatory role in the immune
system.'® Given the reciprocal association between sleep and the immune system, sleep is likely crucial for recovery in
COVID-19 survivors.'" Sleep issues might worsen the adverse effects of COVID-19 on both physical and mental well-
being. Furthermore, a number of studies have found that, in post-COVID-19 conditions, there was a connection between
sleep-related health issues and lower QoL; they also had a negative impact on a variety of QoL dimensions.>'?

Until now, there have been no comprehensive studies on sleep disturbances in Indonesia following COVID-19
infection. Due to the differences in prevalence of COVID-19 in each region in Indonesia, sleep patterns, and sleep habits
based on geographical differences, we collected sleep screening data from several regions. Accordingly, this study offers
a comprehensive analysis of sleep characteristics, specifically focusing on poor sleep quality, insomnia, OSA, and EDS in
individuals experiencing post-COVID-19 conditions. By engaging respondents from various regions in Indonesia, our
study is able to provide in-depth knowledge on the impact of these sleep-related issues on individuals’ QoL. In addition,
we hope that the study’s findings will be useful as a clinical guide to providing further support for COVID-19 survivors
who are experiencing sleep disturbances and also to advocate for improved management of post-COVID-19 conditions in
order to enhance individuals’ QoL.

Materials and Methods

Study Population and Data Collection

This is a cross-sectional study from December 2022 until October 2023 to investigate sleep disturbance in post-COVID-
19 conditions and their impact on different domains of QoL. Our study has been approved by the ethics committee of the
Faculty of Medicine, Universitas Indonesia (KET-1179/UN2.F1/ETIK/PPM.00.02/2021). We fully explained the study to
respondents before they enrolled, and they completed an informed consent form indicating their willingness to
participate. All data and examination results were kept confidential.

The following questionnaires were used for assessments: the Pittsburgh Sleep Quality Index (PSQI), Insomnia
Severity Index (ISI), Epworth Sleepiness Scale (ESS), STOP-BANG (snoring, tiredness, observed apnea and high
blood pressure, BMI, age, neck circumference and gender) questionnaire, and Short Form 36 (SF-36). Subjects included
were respondents with a confirmed history of COVID-19 at least 1 month before data collection, who were aged >18
years, and who had agreed to complete the questionnaires. Meanwhile, those who had sleep disturbance before COVID-
19 infection were excluded, identified by questions on the questionnaire regarding sleep disturbance, the use of sleep aids
or medication for sleep disturbance.

The sampling method was total sampling with an unlimited target population. Consequently, the minimum number of
respondents required for the study was 140. The majority of respondents were recruited at several hospitals in Indonesia,
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with each one having 2-3 data collectors. Apart from that, we also recruited respondents online by distributing the survey
form on social media and at several hospitals. By analyzing sleep disturbance screening data from several regions in
Indonesia, we observed variations in the prevalence of sleep disturbance in individuals across these regions.

Age, sex, COVID-19 severity, and comorbidity were independent variables. Comorbidity data was taken based on
respondent responses regarding pre-existing conditions as well as information from medical records. According to Health
Ministry guidelines in Indonesia, COVID-19 symptoms and severity were classified into four categories: no symptoms,
mild symptoms, moderate symptoms, and severe symptoms.'?

The Pittsburgh Sleep Quality Index (PSQI) is a self-reported survey to calculate monthly sleep quality. It consists of
seven main elements: daytime dysfunction, subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disruptions, and usage of sleep medications. A total score greater than 5 denotes poor sleep quality.'®
Insomnia was assessed using the Insomnia Severity Index (ISI), which calculates the degree of dysfunction caused by
these sleep disturbances as well as subjective complaints and effects of insomnia.'® ISI is scored as follows: absence of
insomnia (0—7), sub-threshold insomnia (8—14), moderate insomnia (15-21), and severe insomnia (22-28). Excessive
Daytime Sleepiness (EDS) assessment using the Epworth Sleepiness Scale (ESS). it is scored as follows: 0—10 normal,
11-14, 15-17, and 18-24 indicate mild, moderate, and severe sleepiness, respectively.](’ Assessment of OSA with
a STOP-BANG score of 0-2 indicates a low risk; a moderate risk score is 3—4; and a high risk score is >5.17

In addition, we conducted an analysis of QoL using the SF-36 questionnaire. The SF-36 Health Survey’s Quality of
Life (QoL) is a 36-item self-report questionnaire that rates eight dimensions of physical and mental wellness on a scale of
0 to 100, with the higher score denoting the best health-related quality of life (HRQoL). The eight domains are: physical
functioning, general health, vitality, social functioning, role limitations due to emotional problems and physical health,

pain and emotional well-being.'*>'%°

Statistical Analysis

Statistical analysis was conducted using the SPSS version 26.0 program. A one-sample Kolmogorov—Smirnov test was
used to determine the data’s normality before qualitative data were quantified and explained in percentages. To examine
the mean difference between the 2 groups on normally distributed data, an independent #-test was used. However, if the
data was not normally distributed, a Mann—Whitney test was used to test the median difference between the 2 groups.
The Kruskal-Wallis test was used to compare more than two medians, and the ANOVA test was used to compare more
than two means. We performed chi-square analysis on categorical data. In terms of numerical data, the Pearson
correlation test was used for normally distributed data and the Spearman correlation test for abnormally distributed data.

Results

This study involved 757 respondents. Of all respondents, 473 (62.5%) were women. The median age of all respondents
was 39 years. The study’s respondents were approximately equally distributed between those who had comorbidities
(49.7%) and those who did not (50.3%). The majority of respondents in the study were individuals who exhibited mild
symptoms (50.7%) (Table 1).

According to the PSQI score, a total greater than 5 denotes poor sleep quality. Of 653 respondents, 69.2%
experienced poor sleep quality (Table 1). The evaluation of sleep quality scores in relation to respondent characteristics
revealed a statistically significant difference between respondents with and without comorbidities (p=0.001; see Table 2).
Previous studies have also reported that the presence of comorbid physical health disorders increased the risk of poor
sleep quality.>*! On the other hand, a systematic review study found that sleep disturbance was related to the presence
of 2 or more comorbidities, the most frequent being hypertension, diabetes, and heart disease.”’ However, we did not
classify the different kinds of comorbidity for further analysis of sleep assessments in this study. Furthermore, there was
a noticeable disparity in sleep quality between respondents from some regions in Indonesia (Figure 1). Most subjects who
reported poor sleep quality were in Semarang and Jakarta. Meanwhile, in Bandung, adequate and poor sleep quality were
found to be similar. Conversely, in Surabaya, the majority of respondents were having adequate sleep quality.

The prevalence of insomnia was found to be prominent among respondents in this study. Moreover, the analysis of
insomnia scores revealed notable differences in terms of sex (p=0.035). The differences in insomnia by region are shown
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Table | Clinical Characteristics of All
Respondents
Characteristics n (%)
Age (median [min, max]) (n=757) | 39 (18.0, 89.0)
Sex (n=757)
Male 284 (37.5)
Female 473 (62.5)
Comorbidity (n=757)
Without comorbidity 381 (50.3)
With comorbidity 376 (49.7)
COVID-19 severity (n=757)
No symptoms 71 94)
Mild 384 (50.7)
Moderate 200 (26.4)
Severe 102 (13.5)
Sleep quality (PSQI) (n=653)
Adequate sleep quality 201 (30.8)
Poor sleep quality 452 (69.2)
Insomnia (ISI) (n=717)
Absence of insomnia 316 (44.1)
Insomnia 401 (55.9)
Sub-threshold insomnia 255 (63.6)
Moderate insomnia 120 (29.9)
Severe insomnia 26 (6.5)
EDS (ESS) (n=674)
Normal sleepiness 521 (72.7)
EDS 196 (27.3)
Mild sleepiness 110 (56.1)
Moderate sleepiness 57 (29.1)
Severe sleepiness 29 (14.8)
OSA (STOP-BANG) (n=613)
Low risk 462 (75.4)
Moderate risk 115 (18.8)
High risk 36 (5.9)

in Figure 2. Once again, a distinct disparity was observed between respondents who had insomnia and those who did not,
namely, in the regions of Semarang and Jakarta. The occurrence of severe insomnia was observed only among the
respondents residing in Central Jakarta and Semarang. In contrast, the cities of Palembang, Bandung, Yogyakarta, and
Surakarta revealed most respondents who did not suffer from insomnia.

A significant proportion of respondents experienced normal sleepiness (72.7%) and had low OSA risk (75.4%). Low
risk of OSA was significantly associated with sex (p=0.000); it was found to be higher in women and in those without
comorbidities (p=0.042).

The eight SF-36 dimensions and sleep problems in post-COVID-19 conditions were examined in order to analyze
patients” QoL (Table 3). SF-36 consists of physical and mental domains. Poor sleep quality had an impact on role
limitations due to physical health and emotional problems. Emotional problems and social functioning were impacted by
insomnia. OSA only impacts the domain of physical functioning. In contrast, it can be observed that EDS does not exert
any discernible impact on various aspects of an individual’s QoL.

Discussion
This was the first collaborative study of sleep disorders carried out in Indonesia. It examined the manifestation of post-
COVID-19 sleep issues in individuals of diverse ethnic backgrounds from several regions in Indonesia.
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Table 2 Analysis of Sleep Assessments and Characteristics of Respondents

Sleep Assessments | Age (p Sex Sex Comorbidity Comorbidity COVID-19 Severity COVID-19
[Coefficient P) P) Severity (p)
Correlation])
Male Female Without With No Mild Moderate Severe
(n, %) (n, %) Comorbidity Comorbidity Symptoms Symptoms Symptoms Symptoms
(n, %) (n, %) (n, %) (n, %) (n, %) (n, %)
Poor sleep quality | 0.019 (0.110)* 152 (33.6) 300 (66.4) 0.359° | 228 (50.4) 224 (49.6) 0.001° 39 (8.6) 257 (56.9) 116 (25.7) 40 (8.8) 0.080°
Insomnia 0.967 (-0.002)* 135 (33.7) 266 (66.3) 0.035° | 215 (53.6) 186 (46.4) 0.369° 29 (7.2) 225 (56.1) 11 (27.7) 36 (9.0) 0.814°
OSA
Low risk 0.026 (0.104)* 135 (29.2) 327 (70.8) 0.000° | 263 (56.9) 199 (43.1) 0.042° 59 (12.8) 273 (59.1) 111 (24.0) 9 (4.1) 0.877¢
Moderate risk 0.143 (0.137)* 56 (48.7) 59 (51.3) 0.120° | 54 (47.0) 61 (53.0) 0.960° 9(7.8) 66 (57.4) 29 (25.2) 11 (9.6) 0.974¢
High risk 0.901 (-0.21)* 23 (63.9) 13 (36.1) 0.363° 12 (33.3) 24 (66.7) 0.209" 3(83) 21 (58.3) 8 (22.2) 4(1L1) 0.874°
EDS 0.127 (0.109)* 63 (32.1) 133 (67.9) 0.656" 102 (52.0) 94 (48.0) 0.373° 17 (8.7) 11.5 (58.7) 46 (23.5) 18 (9.2) 0.170°

Notes: *Spearman correlation. "Mann—Whitney. (Bold text in the table showed significancy [p<0.05]). “Kruskal-Wallis.
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Figure | Overview of sleep quality in individuals with post-COVID-19 conditions in several regions in Indonesia (red-colored blocks indicate poor sleep quality, while green-
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Figure 2 Overview of insomnia in individuals with post-COVID-19 conditions in several regions of Indonesia (red-colored blocks indicate severe insomnia, orange-colored
blocks indicate moderate insomnia, yellow-colored blocks indicate sub-threshold insomnia, while green-colored blocks indicate absence of insomnia).

According to our study, the majority of respondents experienced insomnia, poor sleep quality but normal sleepiness,
and had low OSA risk. Our study revealed that sleep disturbance had a significant impact on numerous aspects of QoL,
although with weak correlations. Role limitations due to physical health only significantly correlated with poor sleep
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Table 3 Analysis of Sleep Assessments and QolL*

SF-36 (n= 548) Median | Min, Max Poor Sleep Quality Insomnia EDS OSA

(p [Coefficient (p [Coefficient (p [Coefficient (p [Coefficient

Correlation]) Correlation]) Correlation]) Correlation])
Physical Functioning 95.0 0.0, 100.0 0.000 (—0.188) 0.000 (—0.222) 0.293 (—0.078) 0.000 (—0.304)
Role limitation due to physical health 75.0 0.0, 100.0 0.000 (—0.333) 0.000 (—0.265) 0.007 (—0.198) 0.000 (-0.257)
Role limitation due to emotional problems 100.0 0.0, 100.0 0.000 (-0.303) 0.000 (-0.303) 0.026 (—0.164) 0.000 (-0.173)
Energy/fatigue 65.0 0.0, 100.0 0.000 (—0.261) 0.000 (—0.295) 0.076 (-0.131) 0.000 (-0.214)
Emotional well-being 64.0 8.0, 100.0 0.185 (-0.067) 0.003 (—0.160) 0.023 (-0.168) 0.101 (-0.070)
Social functioning 75.0 0.0, 100.0 0.000 (—0.244) 0.000 (-0.332) 0.203 (-0.094) 0.000 (—0.240)
Pain 67.5 0.0, 100.0 0.000 (—0.249) 0.000 (—0.193) 0.000 (-0.275) 0.009 (-0.079)
General health 60.0 0.0, 100.0 0.000 (-0.270) 0.000 (-0.252) 0.350 (-0.070) 0.000 (—0.234)

Note: *Spearman correlation (bold text showed significance, low level of correlation).

quality. Role limitations due to emotional problems was significantly affected by poor sleep quality and insomnia. Social
functioning was significantly impacted by insomnia. Meanwhile, physical functioning was impacted by OSA.

Patients with poor sleep quality in post-COVID-19 conditions based on PSQI were predominantly female, with
a median age of 36 years, had no comorbidities, and had experienced mild COVID-19 severity. Our study found that
female respondents had lower-quality sleep than males, which is consistent with another study on this topic.>> A meta-
analysis study also revealed that females are at higher risk for experiencing post-COVID-19 conditions.” It has been
proposed that hormones may contribute to the COVID-19 chronic hyperinflammatory state, which persists even after
recovery.”**

This study involved a comprehensive examination of sleep quality and the prevalence of insomnia in various regions
of Indonesia. Poor sleep quality and insomnia were found to occur more frequently in the urban areas of Jakarta and
Semarang. The data from the Surabaya region indicates that a significant proportion of individuals demonstrate adequate
sleep quality. In contrast, the regions of Palembang, Bandung, Yogyakarta, and Surakarta had a higher proportion of
respondents who did not experience symptoms of insomnia. A previous study on sleep disturbance in different locations
was inadequate in terms of elucidating the underlying factors contributing to the observed variations in sleep. While not
examined in this study, there are potential independent effects of geography, such as variations in social norms, public
policies, views and beliefs, and behavioral patterns associated with these results.”® A large-scale observational study
measuring sleep in wearable device users in 35 countries, reported that Asians experienced less nocturnal sleep and went
to sleep later. In spite of this, weekday sleep variability was higher and sleep efficiency worse.?” However, there has
never been any research on geographical factors that may affect sleep conditions in Indonesia, thus the data is limited and
cannot be further examined using the study’s findings. Further study is required to examine the effects of sleep
disturbance on quality of life, taking into account geographical differences and the factors that contribute to them.

A further independent risk factor for post-COVID-19 conditions appeared to be older age.”® A broad variety of
comorbidities were also linked to a higher probability of persistent COVID-19 symptoms, one of them sleep
disturbance.”®*° However, post-COVID-19 conditions are more common in those who survive the acute stage of
COVID-19 infection.® Our study was dominated by respondents who were less than 40 years old. Older patients,
who may have several underlying comorbidities, may not survive the acute phase of COVID-19 because they are more
likely to experience a severe condition.*”

In this study, poor sleep quality was more common in patients with mild symptoms in post-COVID-19 conditions.
This result differs from those of earlier studies, which showed that patients with sleep disturbance in post-COVID-19
conditions had experienced moderate—severe symptoms.>> Since most respondents in this study were accessed from
referral hospitals in Indonesia, patients with moderate—severe symptoms may have had multiple comorbidities and did
not survive.

Moreover, our study reports a high prevalence of insomnia, similar to previous studies.*' Insomnia was influenced by
advanced age, alienated relationships, feeling unsupported by family or friends, and mental health issues.' It is also
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possible that alterations linked to the acute infection could have triggered dysfunctional habits, such as increased caffeine
intake or inadequate sleep behaviors, which might additionally lead to insomnia through a multifactorial mechanism.*?

Poor sleep quality was prevalent in our study. In a prior multicenter investigation, it was shown that nearly half of the
individuals who had been hospitalized due to COVID-19 exhibited poor sleep quality.*® Furthermore, another study showed
that the domains most impacted by poor sleep quality were sleep duration and sleep efficiency, with 73.9% of patients
experiencing insufficient sleep duration and 57.5% exhibiting sleep efficiency below the recommended threshold of 85%.

The majority of respondents displayed normal sleepiness, however 27.3% had EDS. The results of our study are
similar to other studies that show a low prevalence of EDS.* The study revealed that patients reporting EDS were young
and had no sleep disturbance prior to COVID-19 infection, suggesting a strong association with SARS-CoV-2 infection.
The study also demonstrated an association between the consumption of steroids during the acute phase of infection and
the coexistence of depression with EDS.*

In contrast to the findings of research conducted at the post-COVID-19 conditions clinic, it was observed that
a majority of patients had symptoms of sleep apnea, followed by insomnia and EDS.>> Our study indicated that
a significant proportion of the respondents displayed a low risk for OSA, 18.8% a moderate risk, and the remaining
5.9% a high risk. Nevertheless, the findings in this study align with prior research indicating that a significant proportion
of individuals have a low risk for OSA.'"® OSA occurs more frequently in males; 70.2% are current or former smokers;
and there are significant differences according to age and COVID-19 severity.>®

Sleep is a biological necessity, and lack of sleep or untreated sleep problems are detrimental to an individual’s health,
happiness, and safety.’” Earlier studies have shown that sleep disturbances have significant effects on numerous aspects
of QoL and must be treated during this crucial post-COVID-19 period."> According to other studies, individuals with
post-COVID-19 conditions have a poor QoL, which may be partially attributed to poor sleep quality.’®>® The intricate
connections between sleep, cognition, neuroinflammation, and overall health signify that sleep may not only be
a symptom. This issue not only merits more investigation but could also be a tool for recovery from post-COVID-19
conditions.” With a holistic approach and integrated care pathways, patients with post-COVID-19 conditions — especially
sleep disturbance — may be able to access the right care, and physicians may be better prepared to manage patients who
are at high risk of developing such conditions.*

Strength and Limitations

To date, only a few studies have examined the impact of COVID-19 on sleep in Indonesia. The findings of this study
have the potential to improve management protocols and subsequent interventions aimed at developing approaches to
treatment for sleep disturbance, hence mitigating the decline in QoL observed in individuals with post-COVID-19
conditions.

Our study accessed respondents from various regions in Indonesia with various characteristics, including different
sociodemographic conditions. However, in this study, we did not collect data on respondents’ sociodemographic and
further health conditions, for example smoking or caffeine intake behavior, the use of medication, and sleep medication.
Additionally, we have not evaluated depression and anxiety, as well as other comorbid/premorbid conditions into the
variables analysis, which may impact on sleep disturbance in post-COVID-19 conditions.

Conclusion

Our study revealed that individuals with post-COVID-19 conditions experienced poor sleep quality, insomnia, normal
sleepiness, and a low risk for OSA. Poor sleep quality, insomnia, and OSA impact numerous aspects of QoL, such as role
limitation due to physical or emotional problems, social, and physical functioning. A holistic approach and integrated
care pathways must be properly managed to enhance sleep quality and QoL among individuals with sleep disturbance,
especially insomnia. Additionally, future studies using sleep diagnostic tools and interventions are necessary in the

management of post-COVID-19 sleep disturbance.
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