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ABSTRACT

Sleep disturbances are highly prevalent during the COVID-19 pandemic, especially among older adults. We
aimed to evaluate sleep heath during COVID-19 pandemic and assess the differences among geographical regions
and pandemic periods. We searched three databases (PubMed, Embase, Web of Science) to find articles up to
March 12, 2023. We included observational studies that reported the prevalence of sleep disturbances among
adults aged 60 years or older in any setting. Two researchers independently reviewed the literature and retrieved
the data. We used Der Simonian-Laird random effects meta-analyses to pool the data, followed by subgroup
analysis, sensitivity analysis, and meta-regression. A total of 64 studies with 181,224 older adults during the
pandemic were included. The prevalence of poor sleep quality, short sleep duration, long sleep duration, and
insomnia symptoms were 47.12% (95% CI: 25.97%, 68.27%), 40.81% (95% CI: 18.49%, 63.12%), 31.61% (95%
CIL: 24.83%, 38.38%), and 21.15% (95% CI: 15.30%, 27.00%), respectively. The prevalence of sleep problems
reported by self-constructed items was 26.97% (95% CI: 20.73%, 33.22%). When compared to America
(64.13%), Europe (20.23%) and the Western Pacific (21.31%) showed a lower prevalence of sleep problems (all
P < 0.0001). The prevalence of worsened sleep problems was 27.88% (95% CI: 11.94%, 43.82%). Compared to
2020 (15.14%), it increased to 47.42% in 2021 (P < 0.05). Eight studies on sleep disturbances among 672 older
COVID-19 patients were included. The prevalence of sleep problems and insomnia symptoms among older
COVID-19 patients were 41.58% (95% CI: 21.97%, 61.20%) and 41.56% (95% CI: 28.11%, 58.02%), respec-
tively. A significant burden related to poor sleep has been observed among older adults worldwide over the past
three years, with variations across different regions and time periods. It is important to make more efforts in
prevention and intervention to identify the risk factors, treatment, and rehabilitation of sleep disturbances for
healthy aging.

2. Introduction

such as quarantine, closure, low social support, workplace bullying, and
burnout influence people’s health, causing numerous psychological

As of November 8, 2023, 771,820,937 confirmed cases and
6,978,175 deaths due to the Coronavirus disease 2019 (COVID-19)
resulted in a significant disease burden and economic loss worldwide
(World Health Organization, 2022). It has been more than three years
since the COVID-19 pandemic was declared by the World Health Or-
ganization (WHO) on March 11, 2020. COVID-19 related experiences,

morbidities, including depression, anxiety, and sleep disturbances (
Chowdhury et al.,, 2023; Chowdhury, Kabir, Akter, et al., 2023;
Chowdhury et al., 2022; Farooq, Tunmore, Wajid Ali, & Ayub, 2021;
Krishnamoorthy, Nagarajan, Saya, & Menon, 2020; Salanti et al., 2022).

Sleep disturbances as potential risk factors for morbidity and mor-
tality, should given paid attention (Liu et al., 2021). Krishnamoorthy
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et al.(Krishnamoorthy et al., 2020) reported that the pooled prevalence
of poor sleep quality and insomnia among general populations during
the COVID-19 pandemic was 40% and 30%, respectively. Several studies
have reported that a higher prevalence of sleep problems among
COVID-19 patients, followed by healthcare professionals and the general
population (Alimoradi et al., 2021; Krishnamoorthy et al., 2020; Pappa
et al., 2020; Zhang et al., 2021). 30.57% of healthcare workers experi-
enced insomnia among the 422 Bangladeshi healthcare workers in 2021
(Hasan et al., 2021). Jahrami et al. (Jahrami et al., 2022) reported that
the estimated prevalence of sleep problem was as follows: 52.39%
among COVID-19 patients, 45.96% among children and adolescents,
42.47% among healthcare workers, 41.50% among special populations
with healthcare needs, 41.16% among university students, and 36.73%
among the general population. The COVID-19 pandemic has threatened
the sleep health of all populations, including older adults.

Older adults are a vulnerable population, and the number and pro-
portion of people aged 60 years and older are increasing. According to
the WHO, the number of older adults was 1 billion in 2019 (World
Health Organization, 2023). This number is projected to increase to 1.4
billion by 2030 and 2.1 billion by 2050 (World Health Organization,
2023). During the COVID-19 pandemic, studies focusing on the sleep of
older adults were limited compared with the general population. Pre-
vious studies have reported a wide range in the prevalence of sleep
disturbances among older adults, from 5.59% to 65.45% (Osiogo et al.,
2021; Rodriguez-Gomez et al., 2022). Similarly, the prevalence of
insomnia has been reported to range from 3.88% to 64.49% (Philip
et al., 2020; Savci, Cil Akinci, Yildirim Usenmez, & Keles, 2021) in this
population. Karaogullarindan et al. reported that 70.37% of older
COVDI-19 patients in Turkey had poor sleep quality (Karaogullarindan,
Erkan, Tuhanioglu, Kuran, & Gorgulu, 2021). The prevalence of sleep
disturbances reported by different studies in the elderly varies greatly,
which may be related to various factors such as the assessment methods
used (including scale, self-constructed items, and medical diagnosis),
the country where the study was conducted, and the study period.

Understanding the effect of the COVID-19 pandemic on the sleep
health of older adults is beneficial in order to implement intervention
measures that can improve sleep, reduce the risk of morbidity and
mortality from other diseases, and promote healthy aging. However,
there was a lack of meta-analysis to estimate the prevalence of sleep
disturbances among adults aged 60 years or older. Therefore, we con-
ducted a systematic review to determine the prevalence of sleep dis-
turbances, such as insomnia symptoms, poor sleep quality, and short or
long sleep duration, in terms of various assessment methods. In addition,
we examined the variations in geographical region, income level,
COVID-19 pandemic period, and SARS-CoV-2 infection period, taking
into account that more than three years had passed since the COVID-19
pandemic.

3. Material and methods
3.1. Search strategy

We searched scientific databases, including PubMed, Embase, and
Web of Science, to identify studies that reported the prevalence of sleep
disturbances among older adults aged 60 years or older during the
COVID-19 pandemic or among those infected with SARS-CoV-2. We
included studies published from the inception of each database through
March 12, 2023. We conducted a systematic review and meta-analysis in
accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines (appendix p26-29)(Page et al.,
2021). The protocol of this study was registered in PROSPERO
(CRD42023466957). We included insomnia symptoms, poor sleep
quality, short or long sleep duration, restless legs syndrome (RLS),
sleep-disordered breathing (SDB), and obstructive sleep apnea (OSA) as
the sleep disturbances for this analysis. We used the search terms to
probe the title and abstract included (“SARS-CoV-2” or “COVID” or
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“coronavirus”) and (“sleep” or “sleep disturbances” or “sleep quality” or
“sleep duration” or “sleep-disordered breathing” or “obstructive sleep
apnea” or “Willis Ekbom disease” or “insomnia” or “restless legs syn-
drome”) and (“older” or “elder” or “aging”)”. The detailed search stra-
tegies are presented in Supplementary Table 1.

The following PI/ECO model was used to evaluate the eligibility of
the study.

(P) Participants: adults aged 60 years or older during the COVID-19
pandemic or those infected with SARS-CoV-2;

(I) Intervention/Exposure: not applicable;

(C) Comparator: not applicable;

(O) Outcome measure: sleep disturbances assessed using various
methods including self-constructed items, scales, and clinical
criteria.

3.2. Inclusion and exclusion criteria

Two researchers (YW and CQ) independently assessed study the
eligibility of studies for inclusion. The studies were screened using the
following inclusion criteria: 1) observational studies including case-
control studies, cross-sectional studies, and cohort studies; 2) partici-
pants were older adults aged 60 or older; 3) due to the demand for rapid
and convenient research during the COVID-19 pandemic, sleep has been
investigated using various methods. Sleep disturbances were reported
using self-constructed items, scales, and clinical criteria. We further
analyzed sleep disturbances in terms of different assessment methods; 4)
studies which provided sufficient data to calculate prevalence with 95%
confidence intervals (CIs).

We excluded studies if they were reviews, animal studies, or dupli-
cate studies (studies with a smaller sample size were excluded), and
studies involving older adults with special diseases at baseline (e.g.,
patients with chronic diseases, cancer and mental diseases, etc.).

3.3. Data extraction and quality assessment

The data was independently extracted by two researchers (YW and
CQ), who subsequently cross-checked the data in a blinded fashion.
Controversial areas were resolved through discussion and were
reviewed by a third author (MD). The extracted information includes the
basic details of the article (first author, published year, title, country,
and type of study), sample characteristics (mean or median age, COVID-
19 pandemic period or SARS-CoV-2 infection period), the assess
methods and diagnostic criteria of sleep disturbances, number of older
adults and those with sleep disturbances, the mean scores with standard
deviation (SD) of sleep disturbances, as well as information about sleep
disturbances type (cases or scores) by age and sex groups. The income
level of each country was further classified into low, low-middle, upper-
middle, or high-income according to the World Bank’s country classi-
fication (The World Bank. income, 2023). The quality of the included
studies was evaluated using a tool developed by Hoy and colleagues
(Cao et al., 2022; Hoy et al., 2012). Each study was assessed based on 10
criteria, and a score of one (yes) or zero (no) was assigned for each item.
Quality was assessed using a ten-point tool and classified as low
(>eight), moderate (six—eight), and high (<five) risk of bias.

3.4. Measurement of sleep disturbances

During the COVID-19 pandemic, previous studies utilized various
methods such as medical diagnosis, self-constructed items, and stan-
dardized questionnaires to assess sleep disturbances due to convenience
and rapid availability. We further analyzed sleep disturbances in terms
of different assessment methods.

We included five different sleep disturbances: 1) sleep disorders
(sleep problems in 19 studies using self-constructed items (Amerio et al.,
2023; Collinge & Bath, 2023; Corley et al., 2021; Gokseven et al., 2022;
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Gustavsson & Beckman, 2020; Ikeda et al., 2022; Kapusta et al., 2023;
Makizako et al., 2021; Nakai et al., 2022; Okely et al., 2020; Osiogo
et al.,, 2021; Paiva et al.,, 2021; Perelman, Xavier, & Barros, 2022;
Rodriguez-Gomez et al., 2022; Sampaio Brito, de Lima, Mascarenhas,
Mota, & Leite, 2021; Sapara et al., 2021; van der Velden, Marchand, Das,
Muffels, & Bosmans, 2022; Yilmaz & Onal, 2023; Yurumez Korkmaz
et al., 2021) and poor sleep quality in seven studies using Pittsburgh
sleep quality index (PSQI) and the Patient-Reported Outcomes Infor-
mation System (PROIS) (Amicucci, Salfi, D’Atri, Viselli, & Ferrara, 2021;
Bhat, Mir, Hussain, & Shah, 2020; Garcia Carlini et al., 2023; Kantor,
Kantor, Fortgang, & Pace-Schott, 2022; Kim et al., 2022; Udeh-Momoh
et al., 2021; Wang et al., 2021); 2) short sleep duration <7 h (three
studies) (Amerio et al., 2023; Mistry et al., 2021; Rodriguez-Goémez
et al., 2022) and long sleep duration >9 h (two studies) (Mistry et al.,
2021; Rodriguez-Gomez et al., 2022); 3) insomnia symptoms (three
studies using self-constructed items (Savci et al., 2021; Schou-Bredal
et al.,, 2021; Xu, Li, Zhu, & Zhong, 2022) and 11 studies using the
insomnia severity index (ISI) or the Athens insomnia scale (AIS)
(Al-Mutawa & Al-Mutairi, 2021; Amicucci et al., 2021; Christodoulou
et al,, 2023; Dale, Budimir, Probst, Stippl, & Pieh, 2021; Humer,
Schaffler, Jesser, Probst, & Pieh, 2022; Li et al., 2022; Parlapani et al.,
2020; Philip et al., 2020; Pieh et al., 2021; Pieh, Budimir, & Probst,
2020; Wang, Zhang, et al., 2021)); and 4) high nightmare frequency >
once a week (two studies) (Holzinger et al., 2022; Musse et al., 2020).

Then, we included four different sleep statuses: 1) mean sleep
duration (eight studies) (Alqurashi et al., 2022; Ataka, Kimura, Eguchi,
& Matsubara, 2022; Garcia Carlini et al., 2023; Ikeda et al., 2022;
Kholghi et al., 2021; Makizako et al., 2021; Mistry et al., 2021; Wiel-
goszewska et al., 2022); 2) mean sleep efficiency (three studies) (Ataka
et al., 2022; Garcia Carlini et al., 2023; Kholghi et al., 2021); 3) mean
sleep quality scores (four studies) (Chin et al., 2022; Garcia Carlini et al.,
2023; Hausman et al., 2022; Tracy et al., 2022); 4) mean ISI scores (three
studies) (Dale et al., 2021; Gezgin Yazici & Okten, 2022; Pieh et al.,
2021).

We additionally included four shifted sleep patterns: 1) worsened
sleep problems (seven studies using self-constructed items (Andras et al.,
2022; De Pue et al., 2021; Galle et al., 2021; Kilibarda et al., 2022; S. Kim
& Hwang, 2022; Siltanen, Ilmarinen, Luoma, Leppaaho, & Kehusmaa,
2022; Smail et al., 2022) and one study using standardized question-
naires (Yuan et al., 2020)); 2) sleeping more (five studies) (Emerson,
2020; Lee & Chu, 2022; Savci et al., 2021; Schrack, Corkum, &
Freedman, 2022; Wielgoszewska et al., 2022); 3) sleeping less (eight
studies) (Emerson et al., 2022; Emerson, 2020; Hong & Hee, 2022; Lee &
Chu, 2022; Sampaio Brito et al., 2021; Savci et al., 2021; Triolo et al.,
2022; Wielgoszewska et al., 2022); 4) worsened insomnia (two studies)
(Kim & Hwang, 2022; Smail et al., 2022).

Considering SARS-CoV-2 infection also affects sleep, we conducted
an additional analysis on sleep disturbances among older COVID-19
patients, including sleep problems (Karaogullarindan et al., 2021;
Sarbu et al., 2022; Yadav, Yadav, Kumar, & Kumar, 2021) and insomnia
symptoms (Aly & Saber, 2021; Izquierdo-Condoy et al., 2022; L. Li et al.,
2021; Nejad, Allahyari, Hosseinzadeh, Heiat, & Ranjbar, 2021; Rego de
Figueiredo et al., 2023) were included. The number of references
reporting the age groups and sex groups for sleep disturbances was less
than one, except sleep problems using self-constructed items (age groups
(Collinge & Bath, 2023; Perelman et al., 2022) and sex groups (Gus-
tavsson & Beckman, 2020; Ikeda et al., 2022)).

3.5. Statistical analysis

We performed DerSimonian-Laird random-effects meta-analyses
(DerSimonian & Laird, 2015) to calculate the pooled prevalence and
95% CI of sleep disturbances among older adults. We conducted a uni-
variable meta-regression to assess the association between sleep dis-
turbances and study characteristics (study design, geographical region,
World Bank income level, COVID-19 pandemic period, SARS-CoV-2
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infection period, and the level of risk of bias). Additionally, the anal-
ysis examined the differences in sleep disturbances among different age
and sex groups. We used the I? statistic to estimated statistical hetero-
geneity among the studies. We defined the degrees of heterogeneity as
follows: very low (<25%), low (25% to <50%), moderate (50% to
<75%), and high (>75%) (Higgins, Thompson, Deeks, & Altman, 2003).
We assessed publication bias using funnel plots and Egger’s test (Egger,
Davey Smith, Schneider, & Minder, 1997). We used one-by-one elimi-
nation method to observe the robustness of results in sensitivity ana-
lyses. All analyses were performed using Stata software (version 12.0;
Stata SE Corporation LP, College Station, TX, USA). A two-sided P-value
of <0.05 was considered statistically significant.

4. Results
4.1. Characteristics of included studies

We finally included 72 studies (64 articles on sleep disturbances
during the pandemic and eight articles on sleep disturbances among
COVID-19 patients) (Fig. 1). Out of the 64 articles, 34 (53.12%) were
from Europe, 13 (20.31%) were from the Western Pacific region, 12
studies (18.75%) were from America, two were from Eastern Mediter-
ranean region, two were from the South-East Asia region, and one was
from multiple regions. Additionally, 46 studies (73.44%) were from
high-income countries, 14 (21.87%) were from upper-middle income
countries, and two were from lower-middle income countries, and two
were from countries at multiple income levels. Furthermore, 62 studies
(96.87%) were cross-sectional studies, while two were cohort studies. In
terms of risk of bias, 11 studies had a high risk of bias, 48 studies had a
moderate risk of bias, and five had a low risk of bias (Supplementary
Table 2). The Characteristics of the eight studies on sleep disturbances
among COVID-19 patients can be found in Supplementary Table 3.

4.2. Sleep statuses and sleep disturbances among older adults during the
COVID-19 pandemic

The mean sleep duration, mean sleep efficiency, mean PSQI scores
and ISI scores were 7.00 h (95% CI: 6.85 h, 7.14 h), 91.69% (95% CI:
86.42%, 96.95%), 5.77 (95% CI: 2.29, 9.42), and 7.94 (95% CI: 1.72,
14.16) (Supplementary Fig. 1). There was no significant difference in
mean sleep duration between 2020 (7.00 h; 95% CI: 6.85 h, 7.14 h)) and
2021 (6.97 h; 95% CI: 5.61 h, 8.32 h) (P = 0.965). There was no evi-
dence of publication bias based on the funnel plots (Supplementary
Fig. 2) and Egger’s test (all P > 0.05). Sensitivity analyses were seen in
Supplementary Fig. 3.

The prevalence of sleep problems and poor sleep quality was 26.97%
(95% CI: 20.73%, 33.22%) and 47.12% (95% CIL: 25.97%, 68.27%),
respectively (Fig. 2 and Supplementary Fig. 4). For poor sleep quality
(Egger’s test: P > 0.05), there was no evidence of publication bias.
However, for sleep problems (Egger’s test: P < 0.001), the result was
reversed (Supplementary Fig. 5). The prevalence of sleep problems was
associated with the geographical region. Compared to America (980
older adults; 64.13%; 95% CI: 57.42%, 70.83%), the prevalence of sleep
problems was lower in Europe (44,705 older adults; 20.23%; 95% CI:
13.70%, 26.77%) and the Western Pacific (738 older adults; 21.31%;
95% CI: 7.94%, 36.48%) (all P < 0.0001, Table 1). The prevalence of
sleep problems among older adults aged >80 years or older was 21.7%
(95% CI: —4.6%, 48.1%). It was 22.0% (95% CI: 8.86%, 35.15%) and
40.86% (95% CI: 11.92%, 69.79%) among males and females (P =
0.378), respectively. Sensitivity analyses for prevalence of sleep prob-
lems and poor sleep quality were seen in Supplementary Fig. 6.

The prevalence of short sleep duration and long sleep duration was
40.81% (95% CI: 18.49%, 63.12%) and 31.61% (95% CI: 24.83%,
38.38%), respectively (Supplementary Fig. 7). There was no evidence of
publication bias based on the funnel plots (Supplementary Fig. 8) and
Egger’s test (all P > 0.05). The prevalence of high nightmares was
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Category Number of events p:'::'::;;:{\ Pook(';sl:::'.'ll;“m Forest plot P value 12 value

Sleep disturbances .

Sleep problems 7202 46423 26.98 (20.73, 33.22) : <0.0001 99.60%
Poor sleep quality 3292 7465 47.12 (2597, 68.27) : <0.0001 99.70%
Short sleep duration 2633 6522 4081 (1849, 63.12) : <0.0001 99.70%
Long sleep duration 673 2122 31.61 (2483, 38.39) H <0.0001 91.50%
High nightmare 277 1932 10.63 (1.99, 19.28) : 0.016  90.80%
Insomnia symptoms using self-constructed item 163 660 20.29 (1.77. 38.81) : 0.032 97.60%
Insomnia symp using standardized questi i 1330 7410 21.15 (15.30. 27.00) :: <0.0001 96.20%
Shifted sleep patterns :

Worsened sleep problems 2904 10640 27.88 (11.94.43.82) ' 0.001 99.80%
Sleeping less 7588 102077 1157 (9.21,13.93) : _ <0.0001 98.70%
Sleeping more 63453 80346 27.77(-22.21, 77.75) : 0.276 100.00%
Worsened insomnia 294 2840 10.71 (7.98. 13.45) : . <0.0001 79.50%
Sleep disturbances among COVID-19 older adults :

Sleep problems 79 234 41.58 (21,97, 61.20) ' <0.0001 9020%
Insomnia symptoms 251 553 4156 (28.11, 55.02) : <0.0001 90.10%
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Pooled prevalence (95% CT)

Fig. 2. Forest plots of sleep disturbances among older adults during COVID-19 pandemic. Note: CI = confidence interval.

10.63% (95% CIL: 1.99%, 19.28%) among 1932 older adults. There was
no evidence of publication bias based on the funnel plots and Egger’s test
(P > 0.05) (Supplementary Fig. 9). Sensitivity analyses for prevalence of
short sleep duration, long sleep duration and high nightmares were seen
in Supplementary Fig. 10.

The prevalence of insomnia symptoms was 20.29% (95% CIL: 1.77%,
38.81%) and 21.15% (95% CI: 15.30%, 27.00%) when using self-
constructed item and standardized questionnaires, respectively (Sup-
plementary Fig. 11 and Fig. 2). For insomnia symptoms using self-
constructed items (Egger’s test: P > 0.05), there was no evidence of
publication bias. However, for insomnia symptoms using standardized
questionnaires (Egger’s test: P < 0.001), the result was reversed

(Supplementary Fig. 12). Sensitivity analyses were seen in Supplemen-
tary Fig. 13.

4.3. Shifted sleep patterns among older adults during the COVID-19
pandemic

The prevalence of worsened sleep problems, sleeping less, sleeping
more, and worsened insomnia was 27.88% (95% CI: 11.94%, 43.82%),
11.57% (95% CI: 9.21%, 13.93%), 27.22% (95% CI: —22.21%, 77.75%),
and 10.71% (95% CI: 7.98%, 13.45%), respectively (Supplementary
Fig. 14). Except sleeping less (Egger’s test: P < 0.01), there was no ev-
idence of publication bias based on the funnel plots (Supplementary
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Table 1

Univariable meta-regression of prevalence of sleep disturbances among older adults during COVID-19 pandemic.
Category Number of studies Pooled prevalence (95% CI) 12 value Coefficient (95% CI) P value
Sleep disturbances
Sleep problems
Geographic region
America 3 64.13 (57.43, 70.83) 70.2% Ref.
Europe 13 20.24 (13.70, 26.77) 99.6% 0.64 (0.54, 0.74) <0.0001
Western Pacific 3 21.31 (7.94, 34.68) 95.3% 0.64 (0.53, 0.78) <0.0001
World Bank income level
Multiple countries 1 7.76 (7.44, 8.08) % Ref.
Upper-middle-income 4 26.56 (15.75, 37.38) 95.0% 1.25 (0.78, 2.02) 0.335
High-income 14 28.00 (19.71, 36.29) 99.4% 1.22(0.79, 1.90) 0.343
COVID-19 pandemic period
2020 15 27.56 (20.25, 34.86) 99.6% Ref.
2021 3 21.07 (7.94, 34.20) 96.1% 0.94 (0.71, 1.23) 0.616
2022 1 36.44 (32.49, 40.40) % 1.09 (0.69, 1.70) 0.695
Level of risk of bias
Moderate 12 26.97 (19.01, 34.94) 99.7% Ref.
High 7 25.99 (18.00, 33.97) 95.6% 1.01 (0.81, 1.20) 0.926
Poor sleep quality
Geographic region
America 2 28.37 (—10.78, 67.52) 99.3% Ref.
Europe 3 53.43 (30.97, 75.89) 97.4% 1.29 (0.70, 2.38) 0.282
Western Pacific 1 64.24 (62.46, 66.02) % 1.43 (0.64, 3.23) 0.254
South-East 1 50.00 (—19.30, 119.30) % 1.24 (0.31, 4.98) 0.652
World Bank income level
Lower-middle-income 1 50.00 (—19.30, 119.30) % Ref.
Upper-middle-income 2 56.67 (41.24, 72.11) 95.3% 1.07 (0.30, 3.74) 0.894
High-income 4 41.74 (20.13, 63.35) 99.6% 0.92 (0.27, 3.10) 0.861
Level of risk of bias
Low 2 64.20 (62.49, 65.91) 0.0% Ref.
Moderate 5 38.38 (18.95, 57.81) 99.3% 0.78 (0.54, 1.02) 0.163
Insomnia symptoms using standardized questionnaires
Geographic region
Western Pacific 2 15.12 (9.46, 20.79) 91.0% Ref.
Europe 8 22.17 (12.37, 31.96) 96.7% 1.08 (0.76, 1.54) 0.635
Eastern Mediterranean 1 33.33 (24.32, 42.35) % 1.20 (0.69, 2.10) 0.468
World Bank income level
High-income 8 23.38 (13.94, 32.81) 96.6% Ref.
Upper-middle-income 2 15.12 (9.46, 20.79) 91.0% 0.92 (0.66, 1.27) 0.563
COVID-19 pandemic period
2020 8 26.11 (17.78, 34.44) 96.8% Ref.
2021 2 11.77 (9.12, 14.41) 0.0% 0.86 (0.62, 1.20) 0.327
2022 1 6.51 (2.79, 10.23) % 0.82 (0.53, 1.27) 0.325
Level of risk of bias
Moderate 7 23.47 (12.56, 34.38) 97.1% Ref.
Low 4 17.99 (11.45, 24.53) 91.6% 0.95 (0.73 1.17) 0.704
Shifted sleep patterns
Worsened sleep problems
Geographic region
America 1 16.69 (14.28, 19.09) % Ref.
Europe 5 36.29 (20.53, 52.06) 99.3% 1.22 (0.73, 2.04) 0.373
Western Pacific 2 9.08 (—11.30, 29.45) 71.0% 0.94 (0.52, 1.70) 0.795
World Bank income level
High-income 6 28.04 (7.06, 49.03) 99.8% Ref.
Upper-middle-income 2 30.66 (29.46, 31.87) 0.0% 0.99 (0.64, 1.55) 0.972
COVID-19 pandemic period
2020 5 15.14 (4.38, 25.90) 98.6% Ref.
2021 3 47.20 (23.92, 70.47) 99.6% 1.38 (1.10, 1.72) 0.012
Level of risk of bias
Moderate 7 25.06 (8.26, 41.85) 99.8% Ref.
High 1 47.10 (42.39, 51.81) % 1.25 (0.74, 1.76) 0.339
Sleeping less
Geographic region
America 2 28.33 (0.06, 56.60) 85.3% Ref.
Europe 4 12.66 (10.11, 15.22) 90.2% 0.95 (0.85, 1.06) 0.298
Western Pacific 2 6.95 (5.79, 8.12) 96.8% 0.90 (0.80, 1.01) 0.065
World Bank income level
High-income 6 11.25 (8.79, 13.70) 99.1% Ref.
Upper-middle-income 2 26.17 (—7.30, 59.65) 88.7% 1.06 (0.89, 1.26) 0.462
Level of risk of bias
Moderate 7 11.20 (8.85, 13.56) 98.9% Ref.
High 1 45.00 (23.20,66.80) Y% 1.40 (1.07, 1.73) 0.029
Sleeping more
Geographic region
America 2 14.20 (—11.06, 39.46) 99.6% Ref.

(continued on next page)
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Table 1 (continued)

SSM - Population Health 25 (2024) 101588

Category Number of studies Pooled prevalence (95% CI) 12 value Coefficient (95% CI) P value
Europe 2 12.17 (-7.81, 32.16) 99.5% 0.98 (0.48, 1.99) 0.913
Western Pacific 1 86.06 (85.80, 86.31) Y% 2.05 (0.86, 4.87) 0.07
Sleep disturbances among COVID-19 older adults

Insomnia symptoms

World Bank income level

Lower-middle-income 2 38.71 (10.30, 67.11) 95.3% Ref.

Upper-middle-income 42.22 (15.96, 68.47) 86.1% 1.03 (0.44, 2.43) 0.881
High-income 1 45.35 (34.83, 55.87) % 1.07 (0.38, 3.01) 0.808
Level of risk of bias

Moderate 2 53.94 (48.56, 59.32) 0.0% Ref.

High 3 32.57 (17.65, 47.50) 80.1% 0.81 (0.67, 0.95) 0.088

Note: CI = confidence interval.

Fig. 15) and Egger’s test for the other three shifted sleep patterns (all P
> 0.05). The prevalence of sleeping less was associated with the level of
risk bias (P = 0.029, Table 1). The prevalence of worsened sleep prob-
lems was associated with COVID-19 pandemic period. Compared to
2020 (3592 older adults; 15.14%; 95% CI: 4.38%, 25.90%), the preva-
lence of worsened sleep problems was higher in 2021 (7048 older adults;
47.42%; 95% CI: 23.92%, 70.47%) (P < 0.05). Sensitivity analyses were
seen in Supplementary Fig. 16.

4.4. Sleep disturbances among older adults infected with SARS-CoV-2

The prevalence of sleep problems and insomnia symptoms was
41.58% (95% CI: 21.97%, 61.20%) and 41.56% (95% CL: 28.11%,
58.02%), respectively (Supplementary Fig. 17 and Fig. 2). Except
insomnia symptoms (Egger’s test: P > 0.05), there was evidence of
publication bias based on the funnel plots (Supplementary Fig. 18) and
Egger’s test of sleep problems (P < 0.05). Sensitivity analyses were seen
in Supplementary Fig. 19.

5. Discussion

To the best of our knowledge, this current study is the first
comprehensive systematic review and meta-analysis of the prevalence of
sleep disturbances among older adults in terms of different assessment
methods. This study considers the differences of sleep disturbances be-
tween geographical region, income level, COVID-19 pandemic period.
Comprehensive assessment of sleep disturbances will provide the foun-
dation for health management of older adults. Based on data from 64
observational studies covering 181,224 older adults, we have provided
the estimates of poor sleep quality, short sleep duration, long sleep
duration, and insomnia symptoms. We have also analyzed their differ-
ences in regional level and pandemic period.

Our findings integrated previously published evidence, and indi-
cated that the prevalence of poor sleep quality and sleep problems
among older adults was 47.12% and 26.97%, respectively. Two meta-
analysis studies reported that the pooled prevalence of poor sleep
quality or sleep problems was 40% and 36.73% among the general
population, respectively (Jahrami et al., 2022; Krishnamoorthy et al.,
2020). Kaur et al. (Kaur et al., 2021) reported that 11.27% of the general
population in India had poor sleep quality. In addition, the significant
prevalence of short sleep duration (40.81%) should not be overlooked.
The prevalence short sleep duration was 55.82% among 593 Saudis
during the COVID-19 home confinement in 2020 (Algahtani, Banji, &
Banji, 2021). Furthermore, the study conducted by Algahtani et al.
(Algahtani et al., 2021) found that older subjects were more prone to
experiencing insufficient sleep duration. Generally, among older adults,
out of various different sleep assessments, our findings showed that the
sleep quality and duration were particularly poor. During COVID-19
pandemic, depression, anxiety, and stress, compounded by factors
such as fear of infection, limited medical resources, or confinement, may
exacerbate sleep disturbances (Chowdhury et al., 2021; Spicuzza,

Mancuso, Campisi, & Vancheri, 2022).

In addition, the prevalence of sleep problems was higher in America
(64.13%) than in Europe (20.23%) and the Western Pacific (21.31%).
This finding may be related to the severity of the COVID-19 epidemic.
The majority of the included articles were published in 2020 and 2021.
According to the WHO, as of July 5, 2021, the Region of the Americas
had reported a significantly higher number of confirmed COVID-19
cases compared to the other two regions (World Health Organization,
2022). Similarly, as of October 4, 2021, the Region of the Americas had
reported a larger number of deaths than the other two regions (World
Health Organization, 2022). Given the higher possibility of infection and
the potential for poor outcomes, older adults in America may be more
prone to experiencing poor sleep. Furthermore, we reported that the
prevalence of worsened sleep problems was higher in 2021 (47.42%)
than in 2020 (15.14%). Spicuzza et al. (Spicuzza et al., 2022) reported
that sleep quality during COVID-19 pandemic period was significantly
worse compared to the pre-pandemic period. One study investigating
417 Brazilian rural adults found that subjective sleep quality declined
(as indicated by higher PSQI scores) during the COVID-19 pandemic,
especially among older adults (Taporoski et al., 2022). Compared to the
time period before the pandemic, the percentage of older individuals
reporting unsatisfactory sleep and insufficient sleep increased during the
pandemic by 15% (from 12.3% to 14.1%) and 12% (from 35.2% to
39.5%) among 4400 Italian older adults, respectively (Amerio et al.,
2023). During the early stage of the emerging infectious diseases, the
longer it lasted, the more severely the life was affected, resulting in
increased stress level and a higher proportion of elderly individuals
experiencing sleep impairment (Amerio et al., 2023; Hampshire et al.,
2022).

We also found that more than 40% of older adults infected with
SARS-CoV-2 had sleep problems and insomnia symptoms. One meta-
analysis reported that the estimated prevalence of sleep problems
among COVID-19 patients was 52.39% (Jahrami et al., 2022). Cytokine
storm, blood clots, direct damage by SARS-CoV-2, and/or molecular
mimicry were important causes for increased insomnia and sleep dis-
turbances (Fotuhi, Mian, Meysami, & Raji, 2020). After infection, the
virus in the cerebrospinal fluid and brain tissue post-mortem could
further induce the priming of neuro-immunological substrates, leading
to an exacerbated immune response and autoimmunity targeting
structures in the central nervous system (Tizenberg et al., 2021). This
process may be induced or perpetuated by aging (Tizenberg et al.,
2021). In addition, studies have reported that long COVID-19 patients
exhibit bilateral hypometabolism in the right temporal lobe, the pon-
s/medulla brainstem, and the cerebellum, compared with healthy sub-
jects (Guedj et al., 2021). These regions may be associated with the
occurrence of insomnia (Gued; et al., 2021). This finding indicated that
the sleep disturbances were common among older COVID-19 patients,
and should be considered in health management and rehabilitation.

This systematic review and meta-analysis included studies that in
terms of different assessment methods among older adults, making the
results relatively comparable and producing reliably pooled estimates.
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However, there were some limitations in this study. Firstly, caution
should be exercised when interpretating the results due to the high
heterogeneity between the studies, which has reduced the precision of
our pooled effect size estimates. Secondly, unmeasured or residual
confounding in the source studies could not be addressed in this meta-
analysis, as only published data used. Finally, sleep disturbances may
vary significantly by demographic characteristics, such as gender and
age. However, due to limited references, we only reported sleep prob-
lems by sex and age groups, as sleep disturbances by sex and age groups
were not extensively studied among older adults. In the future, meta-
analysis could include a greater number of studies and provide a
detailed analysis of sleep health among older adults, taking into account
demographic characteristics.

Our meta-analysis provided epidemiological estimates of various
sleep disturbances to help healthcare professionals develop guidelines
for diagnosis, treatment, prognosis, and linkage to care among older
adults. These findings also suggested that in the later stage of the
pandemic, attention should be paid to the recovery of the elderly. To
address and improve the sleep problems experienced by the elderly in
their daily lives, a multidisciplinary approach involving rehabilitation
medicine, psychology, and nursing could be integrated in the primary
healthcare system. Maintaining a healthy lifestyle, social contacts,
family ties, and the ability to give or receive help may contribute to
better sleep for older adults (Lebrasseur et al., 2021; Marcos-Pardo,
Abelleira-Lamela, Vaquero-Cristobal, & Gonzalez-Galvez, 2022). More
cohort studies or randomized controlled trials are still needed to identify
appropriate intervention measures for sleep problems.

6. Conclusion

In conclusion, this systematic review and meta-analysis found that
nearly half of the elderly had poor sleep quality and short sleep duration.
Additionally, one in five individuals experienced excessive sleep,
insomnia, and worsened sleep problems. Sleep problems were more
prevalent in American region, and worsened sleep problems were severe
in the later phase of COVID-19 pandemic. At the same time, sleep dis-
turbances were equally severe in older SARS-CoV-2 infections. Thus, it is
important to make more efforts in prevention and intervention to
identify the risk factors, treatment, and rehabilitation of sleep distur-
bances for healthy aging.
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Glossary

AIS: Athens insomnia scale
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CIs: confidence intervals

COVID-19: coronavirus disease 2019

ISI: insomnia severity index

OSA: obstructive sleep apnea

PROIS: patient-reported outcomes information system
PSG: objective polysomnography

PSQI: Pittsburgh sleep quality index

RLS: restless legs syndrome

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2
SD: standard deviation

SDB: sleep-disordered breathing

WHO: World Health Organization
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