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Abstract

Objective: To examine prevalence and correlates of insomnia symptoms in older Chinese adults (OCAs) during theCOVID-19
outbreak. Background: During the COVID-19 pandemic, insomnia is a major health concern of elderly individuals, but its
subtypes have not been investigated.Methods: Altogether, 590 OCAs (50+ years) were recruited via snowball sampling during
the COVID-19 outbreak. Standardized self-report questions were used to assess the presence of difficulty initiating sleep (DIS),
difficulty maintaining sleep (DMS), and early morning awakening (EMA). Classification tree analysis (CTA) was used to identify
correlates of insomnia.Results: The one-month prevalence (95% confidence interval) of any subtype of insomnia symptoms was
23.4% (20.0–26.8%), with DIS, DMS, and EMA being 15.4% (12.5–18.3%), 17.1% (14.1–20.2%), and 11.2% (8.64–13.7%), re-
spectively.Worry about being infectedwithCOVID-19 emerged as themost salient correlate of insomnia (P < .001); compared to
participantswhowere notworried about being infected, thosewhowereworried and veryworriedwere 3.2-fold (24.3% vs 7.5%)
and 5.5-fold (24.3% vs 7.5%) more likely to have insomnia, respectively. Among participants in the “very worried” branch, those
residing in Wuhan were 1.8-fold more likely to have insomnia than those residing in other places (50.0% vs 27.5%, P = .011).
Among participants in the “worried” branch, unemployed persons were 2.0-fold more likely to have insomnia than employed
persons (37.0% vs 18.1%, P < .001). Conclusions: Insomnia symptoms were prevalent among OCAs during the COVID-19
outbreak. Selective intervention programs targeting elderly individuals who areworried about being infected, living in the epicenter
of COVID-19, and unemployed might be effective.
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Introduction

Older adults are a vulnerable subgroup of the population
affected by the ongoing COVID-19 pandemic. For ex-
ample, in China, like in many other countries, 53.6% of the
patients with confirmed COVID-19 and 93.7% of deaths
due to COVID-19 are individuals aged 50 years and older.1

As a result, older adults are more likely to be advised to
stay indoors, and people are more likely to maintain social
distancing with older adults during the COVID-19 pan-
demic. For example, after the COVID-19 outbreak in
China began, for a long time, routine family visits to see
older adults living in nursing homes were not allowed, and
older adults were less likely to attend hospitals to receive
treatment in a timely manner because of fears of con-
tracting COVID-19. Therefore, there have been increasing
concerns regarding the poor mental health, loneliness,

suicide risk, and sleep problems in older adults during the
COVID-19 pandemic.2
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The pandemic has disrupted many routines of
people. Despite longer sleep duration during the stay-
at-home period than before the pandemic, people still
reported deteriorated subjective sleep quality due to the
cooccurring depressed mood, anxiety, and fears of
economic loss.3,4 Since the pandemic, there have been
many studies examining sleep problems in the general
populations of various countries5,6; nevertheless, few
of them have focused on older adults. Furthermore,
prevalence estimates of sleep problems in the elderly
population vary widely across existing studies. For
example, the prevalence rates of insomnia were 22.4–
67.0%, 35.7–39.8%, and 37.9% in studies that used the
Pittsburgh Sleep Quality Index, Insomnia Severity
Index, and Athens insomnia scale, respectively, to
screen for insomnia in older adults amid the COVID-19
pandemic.7-13 Because the management of insomnia
and the risk of developing other mental health problems
differ across insomnia subtypes,14 the clinical rele-
vance of the above prevalence data, based on cutoff
scores of self-report scales, is very limited.

In the clinical research literature, traditional re-
gression methods (i.e., multiple logistic regression
analysis) are commonly used to identify factors asso-
ciated with clinical outcomes. Accordingly, a variety of
factors have been found to be associated with insomnia
in the general population during the pandemic, in-
cluding rural residence, poor knowledge of COVID-19
prevention, poor physical health, poor emotional
health, intolerance to uncertainty, COVID-19-related
worry, loneliness, and depressive symptoms.9,10,12,15

However, these traditional statistical findings may not
be easily applied to routine clinical and primary care
practice because the research results are not presented
in a user-friendly format for healthcare workers with
limited statistical understanding.16 In contrast, classi-
fication tree analysis (CTA) is well suited for identi-
fying subgroups at higher risk for a target outcome and
nonlinear interactions between factors when predicting
a binary outcome; in particular, its findings on corre-
lates could be presented in a more user-friendly way
than the findings of traditional methods.16,17

The COVID-19 outbreak has overwhelmed health-
care systems and exhausted the medical resources of
many countries. In this context, intervention programs
targeting subgroups at elevated risk for insomnia, rather
than only individuals with a single risk factor, would
produce larger effects than universal programs. Con-
sidering that CTA is well suited for investigating this
situation and that correlates of insomnia in the elderly
population during the pandemic have been insuffi-
ciently studied, the present study used CTA to examine
the prevalence of insomnia symptoms, including dif-
ficulty initiating sleep (DIS), difficulty maintaining

sleep (DMS), and early morning awakening (EMA), and
correlates of insomnia symptoms.

Methods

Participants

The study sample was 590 older adults from a large-
scale online survey that investigated mental health,
insomnia symptoms, and the use of mental health ser-
vices in the Chinese general population during the
COVID-19 outbreak period in China.18 Participants who
were aged 50 years and older and voluntarily took part in
the survey were included in the current analysis. Persons
who reported having been infected with COVID-19
were excluded. For logistical reasons, snowball sam-
pling via social media platforms was used to recruit
participants. Details of the sampling have been reported
elsewhere.19,20

The Ethics Committee of Wuhan Mental Health Center
approved the survey protocol before the formal survey. All
participants signed informed consent online before com-
pleting the questionnaire.

Instruments

The survey questionnaire was completed by participants
online. Sociodemographic variables in the questionnaire
were sex, age, marital status, education, employment
status, and current residence location (Wuhan vs other
places).

Worry about COVID-19. Two questions in which
participants indicated a rating on a three-point scale (1 =
not worried, 2 = worried, 3 = very worried) were used to
assess participants’ worry about being infected with
COVID-19 and worry about family members being in-
fected with COVID-19: “Are you worried about being
infected with COVID-19?” and “Are you worried about
your family members being infected with COVID-19?”.

COVID-19 impact. A question in which participants
indicated a rating on a four-point scale (1 = none, 2 = mild,
3 = medium, 4 = severe) was used to assess the extent of
the negative impact of the COVID-19 outbreak on the daily
life of respondents: “How severe is the negative impact of
the COVID-19 outbreak on your daily life?”.

Insomnia symptoms. In accordance with previous
studies,21,22 three basic forms of insomnia symptoms
during the past month were investigated by asking how
often the interviewee had difficulties in falling asleep
(DIS), experienced difficulties in maintaining sleep and
woke up often (DMS), and woke up at midnight or early
morning and then had difficulties in falling asleep again
(EMA). Each question had three answer options: no,
sometimes, or often. If a participant answered “often” to
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the question, he/she was considered to have a corre-
sponding subtype of insomnia.

Statistical Analysis

IBM SPSS software version 22.0 package (SPSS Inc.,
Chicago, Illinois, United States) was used for all analyses.
Prevalence rates of any insomnia symptoms, DIS, DMS,
and EMA were calculated. To characterize older adults
with any insomnia symptoms, we compared sociodemo-
graphic and COVID-19-related variables between partic-
ipants with and without insomnia symptoms by using the
Chi-square test.

We used the exhaustive Chi-squared automatic inter-
action detection (exhaustive CHAID) growing method to
perform CTA. The significance levels for splitting nodes
and merging categories were set at P < .05 and were
adjusted by using a Bonferroni method. By default, the
maximum number of levels of growth beneath the root
node was set at 3, and the minimum node sizes were set at
100 for parent nodes and 50 for child nodes. The target
category of the dependent variable in the CTA was the
presence of any insomnia symptoms, and all socio-
demographic and COVID-19-related variables were con-
sidered input variables. The CTAmodel was established by

comparing Chi-square statistics of all possible categories
in relation to insomnia symptoms. As a result, the elderly
sample in our study was divided into branch-like segments
that constructed an inverted tree with a root node, internal
nodes, and end nodes. Meanwhile, correlates of insomnia
symptoms were automatically identified, in the order of
importance, from the root node to end notes in the clas-
sification tree.23 Because CTA is robust for investigating
interactions between factors,24 the tree provided a direct
pathway for understanding the underlying mechanisms of
insomnia.

Results

The mean age of the 590 older adults was 55.3 years
(standard deviation [SD] = 5.5, range: 50–87), and 219
(37.1%) were men. The numbers of participants who were
not worried, worried, and very worried about being in-
fected with COVID-19 were 159 (26.9%), 304 (51.5%),
and 127 (21.5%), respectively. Other detailed socio-
demographic and COVID-19-related characteristics are
displayed in Table 1.

The numbers of participants with DIS, DMS, EMA, and
at least one subtype of insomnia symptoms were 91, 101,
66, and 138, respectively. The corresponding prevalence

Table 1. Sociodemographic Characteristics, COVID-19-RelatedWorry, and COVID-19 Impact of Older Chinese Adults During the
COVID-19 Outbreak, n (%).

Variable
Total Sample
(n = 590)

Without Insomnia
Symptoms (n = 452)

With Insomnia
Symptoms (n = 138) χ2 P

Age-group 50–59 years 487 (82.5) 379 (83.8) 108 (78.3) 2.292 .130
60+ years 103 (17.5) 73 (16.2) 30 (21.7)

Gender Male 219 (37.1) 173 (38.3) 46 (33.3) 1.106 .293
Female 371 (62.9) 279 (61.7) 92 (66.7)

Marital status Married 531 (90.0) 415 (91.8) 116 (84.1) 7.067 .008
Othersa 59 (10.0) 37 (8.2) 22 (15.9)

Education Senior middle school
and below

158 (26.8) 115 (25.4) 43 (31.2) 1.762 .184

College degree and
above

432 (73.2) 337 (74.6) 95 (68.8)

Employed Yes 403 (68.3) 326 (72.1) 77 (55.8) 13.017 <.001
No 187 (31.7) 126 (27.9) 61 (44.2)

Current residence
place

Wuhan 227 (38.5) 154 (34.1) 73 (52.9) 15.832 <.001
Other places 363 (61.5) 298 (65.9) 65 (47.1)

Worry about being
infected

Not worried 159 (26.9) 147 (32.5) 12 (8.7) 44.267 <.001
Worried 304 (51.5) 230 (50.9) 74 (53.6)
Very worried 127 (21.5) 75 (16.6) 52 (37.7)

Worry about family
being infected

Not worried 89 (15.1) 81 (17.9) 8 (5.8) 21.408 <.001
Worried 290 (49.2) 229 (50.7) 61 (44.2)
Very worried 211 (35.8) 142 (31.4) 69 (50.0)

Negative impact of
COVID-19

Mild 79 (13.4) 72 (15.9) 7 (5.1) 23.330 <.001
Medium 303 (51.4) 242 (53.5) 61 (44.2)
Severe 208 (35.3) 138 (30.5) 70 (50.7)

a“Others” included re-married, co-habiting, separated, divorced, and widowed.
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rates of DIS, DMS, EMA and at least one subtype of
insomnia symptoms were 15.4% (95% confidence interval
[CI]: 12.5–18.3%), 17.1% (95%CI: 14.1–20.2%), 11.2%
(95%CI: 8.64–13.7%), and 23.4% (95%CI: 20.0–26.8%),
respectively.

As shown in Table 1, compared to participants without
insomnia, those with insomnia were significantly more
likely to have a marital status of “others,” be unemployed,
reside in Wuhan, worry about being infected, worry about
family members being infected, and be severely impacted
by the pandemic (P ≤ .008).

Significant correlates of insomnia symptoms are de-
picted in Figure 1. Worry about being infected with
COVID-19 was the most salient correlate of insomnia (χ2 =
44.267, P < .001); compared to participants who were not
worried about being infected with COVID-19, those who
were worried and very worried were 3.2-fold (24.3% vs
7.5%) and 5.5-fold (24.3% vs 7.5%) more likely to have
insomnia, respectively. Among participants in the “very
worried” branch of the classification tree, relative to those
who resided in other places, those who resided in Wuhan
were 1.8-fold more likely to have insomnia (50.0% vs
27.5%, χ2 = 6.418, P = .011). Among participants in the
“worried” branch, relative to those who were employed,
those who were unemployed were 2.0-fold more likely to
have insomnia (37.0% vs 18.1%, χ2 = 12.964, P < .001).

Discussion

To the best of our knowledge, this is the first study that
examined the prevalence of three basic forms of insomnia
symptoms and their associated factors amid the COVID-19
pandemic in the elderly population. The methodology

strength of the current study is the use of CTA, which
makes it easy to identify homogeneous subpopulations at
elevated risk for insomnia symptoms.

The main finding of this study is the 23.4% prevalence
of any subtype of insomnia symptoms, with 15.4%, 17.1%,
and 11.2% prevalence of DIS, DMS, and EMA, respec-
tively. These rates in older Chinese adults during the
COVID-19 outbreak were much higher than the corre-
sponding rates of 9.2%, 7.0%, 8.0%, and 4.9%, respectively,
in the Chinese general population25; 8.0%, 3.5%, 5.2%, and
4.3%, respectively, in young Chinese rural residents26; and
16.9%, 10.8%, 6.3%, and 2.1%, respectively, in Chinese
adolescents.27 The high prevalence of insomnia symptoms
suggests an elevated risk of insomnia symptoms in older
Chinese adults during the COVID-19 outbreak.

In addition to the abovementioned cooccurring psy-
chosocial problems during the outbreak, we speculated
that stress reactions may account for the high prevalence
of insomnia symptoms in the elderly population because
the ongoing COVID-19 pandemic is an unprecedented
global crisis and there is convincing evidence that ex-
posure to stressful events causes insomnia.28 Patho-
physiological studies have revealed that stress is
associated with hyperarousal and increases the infusion
of corticotropin-releasing hormone via activation of the
hypothalamic–pituitary–adrenal axis, which further
disrupts sleep-wake-circadian systems and results in
insomnia.29,30

Although participants with and without insomnia
symptoms significantly differed in terms of six variables in
the univariate analysis (Table 1), only three variables were
kept in the CTA model, with worry about being infected
with COVID-19 being the strongest correlate and residing

Figure 1. Classification tree for correlates of insomnia symptoms in older Chinese adults during the COVID-19 outbreak.
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in Wuhan and unemployment being the other two corre-
lates. The unemployment-insomnia association in the el-
derly population was expected since previous studies have
confirmed the elevated risk of insomnia in individuals of
low socioeconomic status.25,31 The increased prevalence
of insomnia in older adults who were worried about being
infected is consistent with the increased risk of sleep
problems in Greek residents with COVID-19-related
worry,15 which reflects the negative impact of the pan-
demic on the sleep health of older adults. Because of the
high infection rate of COVID-19 and the stringent mass
quarantine (i.e., lockdown) in Wuhan relative to other
places in China, Wuhan residents had a higher likelihood
of experiencing stress and mental health problems.18 For
similar reasons, older adults residing in Wuhan were more
likely to experience insomnia than those residing in other
places. Interestingly, findings from our CTA model
showed that the elevated risk of insomnia in older adults
who were worried about being infected was further am-
plified by residing in Wuhan and being employed, sug-
gesting the interactions between worry about being
infected and place of residence and employment status.

A few limitations should be considered when inter-
preting our findings. First, our CTA is exploratory and
lacks independent validation. Although a simple approach
to identify older adults at increased risk for insomnia was
provided in this study, more research is needed to validate
the accuracy of this approach in other elderly cohorts.
Second, the data were collected cross-sectionally, so the
causal associations between identified correlates and in-
somnia need to be examined in prospective studies. Third,
because we considered that mental health problems such as
depressive and anxiety symptoms cooccurred with in-
somnia during the outbreak—together as stress reactions,
not risk factors resulting in insomnia—mental health
problems were not included in the analysis. The contri-
bution of mental health problems to insomnia risk needs
further examination. Finally, our sample of older adults
was recruited via convenience sampling, so the sample
representativeness might be limited.

In this study, nearly one out of every four older Chinese
adults suffered from insomnia symptoms, which suggests a
high risk of insomnia symptoms in older adults during the
COVID-19 outbreak. Mental health services for this
population amid the pandemic should include expanded
psychosocial support, periodic screening for insomnia
symptoms to ensure early identification of older adults
with severe insomnia symptoms, and psychiatric assess-
ment and treatment when necessary. Our findings on
correlates of insomnia symptoms suggest that asking in-
dividuals about their level of worry of being infected may
be the most sensitive method to identify older adults at risk
for insomnia. The higher prevalence of insomnia symp-
toms in several cohorts of older adults suggests that

selective intervention programs targeting older adults who
are worried about being infected, living in the epicenter of
the COVID-19 pandemic, and unemployed would be more
effective for preventing insomnia.
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