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Abstract. Disordered sleep can have deleterious effects, both physical and mental.
In this study we aimed to determine the prevalence of disordered sleep and the
association between the quality and length of sleep and the presence of chronic
disease among 18-59-year-old adults in southern China. This cross-sectional study
was conducted during 2017. Study subjects were selected from 4,536 individuals
aged 18-59 years. After applying inclusion and exclusion criteria, 4,257 subjects
were included in the final analysis; 50.2% were male. Each subject was asked
to complete a Chinese language version of the Pittsburgh Sleep Quality Index
(PSQI). A PSQI score =7 was defined as poor sleep quality and sleep duration <7
hours was defined as inadequate sleep duration. Study subjects were also asked
about chronic disease by the question “Has a doctor ever diagnosed you with a
chronic disease?” We used univariate logistic regression analysis and clustered
logistic regression analysis to assess responses to determine an association be-
tween disordered sleep and chronic disease. The mean [+standard deviations
(SD)] age of study subjects was 42.62 (£8.24) years. The prevalences of poor sleep
quality and inadequate sleep duration among study subjects were 15.6% and
23.1%, respectively. The prevalence of subjects with chronic disease was 16.7%.
The most common chronic diseases reported were hypertension (12.6%), diabe-
tes (3.6%), chronic pain (1.8%) and heart disease (1.5%). Among study subjects,
chronic disease was significantly associated with poor sleep quality [crude odds
ratio (cOR=1.50; 95% confidence interval (CI): 1.23-1.84; p<0.001] and inadequate
sleep duration (cOR=1.30; 95%CI: 1.09-1.56; p=0.004) compared to those without
chronic disease. In our study, the prevalences of poor sleep quality and inadequate
sleep duration were high and were significantly associated with chronic disease.
Further studies are needed to determine the relationship of this association, if it
is etiological or associated with some other factors, in order to inform plans to
reduce the prevalences of these chronic disease.
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INTRODUCTION

Human sleep is important for human
cognition (Walker, 2009 ), metabolism
(Adamantidis et al, 2009 ) and immu-
nity (Opp and Krueger, 2015). Poor sleep
quality and inadequate sleep duration
are public health problems (Colten et al,
2006). The Pittsburgh Sleep Quality Index
(PSQI) has been validated in the Chinese
population as an accurate, standardized
measure of sleep quality and duration
(Zhang et al, 2016). A previous study re-
ported the prevalence of disordered sleep
ranges from 10% to 50% (Ohayon, 2002).
The Global Epidemiological Survey of
Adult Insomnia reported 28.0% of Chinese
adults have a sleep disorder (Soldatos et
al, 2005). Another study reported 27.4%
of adults in Switzerland complained of
disordered sleep (Rossler et al, 2017). Dis-
ordered sleep can have a direct impact on
human physical (Atkinson and Davenne,
2007) and mental disorders (Chee et al,
2008). Fewer than 15% of people with
disordered sleep seek treatment (Morin
et al, 2011).

Sleep quality has been reported to be
associated with demographic variables
and chronic disease (Ancoli-Israel and
Roth, 1999; Ohayon and Smirne, 2002;
Assari et al, 2013). Numerous studies
reported an increasing prevalence of
insomnia symptoms with increasing age
(Ancoli-Israel and Roth,1999; Ancoli-
Israel, 2009; Wong and Fielding, 2011).
A population-based study found the
prevalence of sleep disorders was lower
in younger age groups (Wong et al, 2011),

Vol 50 No.5 September 2019

but increases with increasing age (Ancoli-
Israel, 2009). Bixler et al (2009) reported
factors associated with disturbed sleep
varied by age group.

Han-Na et al (2015) and Beck et al
(2013) found women had significantly
more problems with disturbed sleep than
man. Smoking (Mehari et al, 2013) and
alcohol drinking (Simou et al, 2018) have
also been reported to be associated with
poor sleep quality. Other studies have
reported an association between sleep
quality and some chronic diseases, such
as diabetes (Luyster and Dunbar-Jacob,
2011), stroke (Zhang et al, 2014) and cancer
(Fortmann ef al, 2018). One study from
China reported poor sleep quality was
associated with hypertension (Liu et al,
2016). Poor sleep quality has also been
reported to be associated with cardiovas-
cular and metabolic diseases ( Bernert et
al, 2014).

Factors reported to be associated with
sleep duration include age (Krueger and
Friedman, 2009), being married (Ferrie
et al, 2007), employment status (Krueger
and Friedman, 2009), socioeconomic
status (Ferrie et al, 2007) and education
level (Krueger and Friedman, 2009). Ursin
(2008) reported sleep duration decreased
when the number of cigarettes smoked per
day increased. A meta-analysis of studies
regarding sleep duration reported sleep
duration did not increase with increasing
exercise but sleep quality did (Yang ef al,
2012). A meta-analysis of sleep duration
and hypertension reported shorter sleep
duration among those with hypertension
(Wang et al, 2012). Studies have found
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sleep duration to be associated with car-
diovascular disease (Buxton and Marcellj,
2010; Sabanayagam and Shankar, 2010),
diabetes (Buxton and Marcelli, 2010),
obesity (Buxton and Marcelli, 2010) and
depression (Akerstedt and Nilsson, 2003).

The prevalence of disordered sleep
and associated factors among Chinese
adults has not been much studied. In
this study we aimed to determine the
prevalence of inadequate sleep length and
quality and their association with chronic
disease among adults aged 18-59 years in
southern China in order to guide further
studies for modifying these factors to
reduce the prevalence of chronic diseases
in the study population.

MATERIALS AND METHODS

Study design and subjects

We conducted a cross-sectional com-
munity health survey in the Pearl River
Delta region of China in 2017. The number
of study subjects required for the study
was determined as follows: we assumed
the prevalence of poor sleep to be 20%,
considering a maximal deviation of 1.25%
and a type one error of 5%, the minimal
sample size needed for the study was
determined to be 3,934. Study subjects
were chosen using a multistage stratified
random sampling method, as previously
described (Zhang et al, 2016). A family was
the basic survey unit in this study. A total
of 3,654 households comprised of 7,687
individuals were chosen for the study.
Of these individuals, 4,536 were aged
18-59 years. After applying inclusion and
exclusion criteria, the number of study
subjects was 4,257 (93.8%). The inclusion
criteria were: 1). living in the study area
for at least 6 months; 2). being aged 18-59
years; 3). having no cognitive impairment
and being able to communicate normally.
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The exclusion criteria were: 1). having
severe cognitive impairment; 2). having
an acute disease or emergency condition;
3). having a physical disability or being
bed-ridden; 4). refusing to participate in
the study or not responding when con-
tacted; 5). filling out the questionnaire
incompletely.

Procedures

Trained medical students and com-
munity health center staff conducted
face-to-face interviews with all the study
subjects using a standardized question-
naire asking about demographic data and
other specific factors mentioned below.
In addition to this data, each subject was
also asked to complete a Chinese language
version of the Pittsburgh Sleep Quality
Index (PSQI) Questionnaire.

Sleep quality measures

The Chinese version of the PSQI is a
scale used to evaluate sleep quality over
the previous month (Buysse et al, 1989).
The Chinese language version of the PSQI
consists of 19 self-evaluation items and 5
other-evaluation items; 18 of these items
are used for scoring and are divided 7
sub-categories: subjective sleep quality,
sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use
of sleeping medication, and daytime dys-
function. Each category is given a score
ranging from 0 to 3 points. The global
PSQI score is a sum of these subcategory
scores. The higher the score, the worse the
sleep quality (Buysse et al, 1989). A global
PSQI score =7 points has a diagnostic
sensitivity of 98.3% and a specificity of
90.2% for sleep quality (Liu et al, 1996). A
single subcategory score >1 is considered
abnormal for this subcategory.

Sleep duration measures

The PSQI scale asks “How many
hours do you usually sleep per night?”
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to assess their sleep duration. Studies of
adequate sleep duration have varying
definitions of inadequate sleep duration
without an agreed upon common defini-
tion (Cappuccio et al, 2010). Based on 2
previous studies (Pergola et al, 2017; Xu
et al, 2017) we defined inadequate sleep
duration as <7 hours sleep per night.

Other measures

The general questionnaire consisted
of questions about sociodemographic
variables (age and gender), health-related
factors (current smoking, alcohol drink-
ing and physical exercise) and history
of chronic diseases. Current smoker was
defined as smoking at least one or more
cigarettes per day for the previous six
months. Alcohol drinker was defined as
consuming at least 30 g of alcohol per
week for the previous year. Physical ex-
ercise was asked with the question, “How
many times do you exercise per week?”.
Body Mass Index (BMI) was calculated
as the subject weight (kg) divided by the
square of the height (m?). Illness within 2
weeks was defined as being sick during
the previous 2 weeks. The presence of
chronic disease was asked about with the
question, “Has a doctor ever diagnosed
you with a chronic disease?” (Smith et al,
2008). The chronic diseases assessed for
association with disordered sleep in this
study were: hypertension, diabetes mel-
litus, chronic pain, heart disease, chronic
gastrointestinal disease, osteoporosis and
cancer.

Statistical analyses

All statistical analyses were per-
formed using the Statistical Package for
the Social Sciences (SPSS), version 13.0
(SPSS, Chicago, IL). Means and standard
deviations (SD) were used for continuous
variables, while frequencies and percent-
ages were used for categorical variables.
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The two dependent (outcome) variables
were poor sleep quality and inadequate
sleep duration. Univariate logistic regres-
sion analysis was used to calculate odds
ratios (OR) and 95% confidence intervals
(95% CI) for associations between chronic
disease and inadequate sleep quality and
duration. Clustered logistic regression
analysis was used to assess associations
between sociodemographic factors, health
related factors and chronic disease (three
clusters) and sleep quality and duration
(Nagelkerke, 1991). We used clustered
logistic regression analysis due to mul-
tidirectional correlations that could exist
between the three clusters and the depen-
dent variables.

The independent effect of each cluster
was assessed using the corresponding R?
value between the two regression models.
The independent contribution share of
each cluster was calculated as individual
R? change/total R? change in the final
modelx100%. In the logistic regression
models, the R*> was the Nagelkerke “pseu-
do” R*>which is analogous to the classical
R? in the linear regression models for
data interpretation (Nagelkerke, 1991). A
two-tailed p-value <0.05 were considered
statistically significant.

Ethics and consent

The study protocol was approved by
the People’s Hospital of Longhua Shen-
zhen Medical Ethics Committee (2917055).
Written informed consent was obtained
from all study participants prior to being
included in the study.

RESULTS

A total of 4,257 subjects were included
in the study; 2,136 (50.2%) were males.
The average (+SD) age of study subjects
was 42.6 (+8.2) (range: 18-59) years. The
prevalence of chronic diseases among
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Table 1
Characteristics of study subjects (N =4,257).

Variables Mean + SD n (%)

Cluster 1 sociodemographics

Age in years 42.62 +8.24
Male gender 2,136 (50.2)
Married 2,427 (57.0)
Education level
High school or above 1,499 (35.2)
Middle school 2,112 (49.6)
Primary school or below 646 (15.2)
Employed 2,655 (62.4)
Cluster 2 health related factors
Current smoker 726 (17.1)
Alcohol drinker 945 (22.2)
Exercise regularly 3,498 (82.2)
Illness within previous 2 weeks 476 (11.2)
BMI (kg /m?) 23.27 +2.87
Cluster 3 history of chronic disease
Hypertension 537 (12.6)
Diabetes mellitus 153 (3.6)
Chronic pain 75 (1.8)
Heart disease 65 (1.5)
Chronic disease 711 (16.7)
Number of chronic diseases
0 3,546 (83.3)
1 563 (13.2)
>2 148 (3.5)
Outcomes
PSQI score 3.43+2.75
Good (<7) 3,593 (84.4)
Poor (=7) 664 (15.6)
Subjective sleep quality 1.01£0.94
Sleep latency 0.67+0.78
Sleep duration 0.294+0.58
Sleep efficiency 0.29+0.59
Sleep disturbances 0.29+0.60
Use of sleeping medication 0.2940.61
Daytime dysfunction 0.29+0.62
Sleep duration in hours 7.86+1.08
<7 982 (23.1)
>7 3,275 (76.9)

BMI, body mass index; SD, standard deviation.
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Table 2

Association between chronic diseases® and sleep quality and sleep duration.

Poor sleep quality Inadequate sleep duration
Variables
ORP (95 %CI) p-value ORP (95%CI) p-value
Hypertension
No Reference <0.001¢ Reference 0.0014
Yes 2.61 (2.12-3.22) 1.95 (1.60-2.36)
Diabetes mellitus
No Reference <0.001¢ Reference 0.801
Yes 2.49 (1.72-3.60) 0.95 (0.64-1.40)
Chronic pain
No Reference 0.0044 Reference 0.004 4
Yes 3.32 (2.02-5.03) 2.01 (1.25-3.23)
Heart disease
No Reference 0.02¢ Reference 0.019¢
Yes 1.94 (1.11-3.39) 1.85 (1.11-3.08)
Chronic disease
No Reference <0.001¢ Reference 0.0044
Yes 1.50 (1.23-1.84) 1.30 (1.09-1.56)
Number of chronic diseases
0 Reference 0.0014 Reference <0.001¢
1 2.01 (1.61-2.49) <0.001¢ 1.24 (1.01-1.53) 0.037¢
>2 492 (3.35-7.22)  <0.001¢ 2.62(1.86-3.97)  <0.001¢

BMI, body mass index; OR, odds ratio; CI, confidence interval.
2Chronic diseases included as predictor variables for poor sleep quality and inadequate sleep duration
on univariate logistic regression analysis without adjusting for other variables.

*Crude OR of short sleep duration and poor sleep.

¢p< 0.05, dp< 0.01, °p< 0.001.

the 4,257 subjects was 16.7%; 12.6% had
hypertension; 3.6% had diabetes mellitus;
1.8% had chronic pain and 1.5% had heart
disease. The mean (+SD) global PSQI score
was 3.43 (+2.75) points and the prevalence
of a PSQI score >7 points was 15.6%. The
average (+SD) sleep duration was 7.86
(£1.08) hours. Twenty-three point one
percent of subjects reported inadequate
sleep duration (<7 hours) (Table 1).
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On univariate analysis, chronic dis-
ease was significantly associated with
poor sleep quality [(cOR)=1.50; 95CI: 1.23-
1.84; p<0.001) and inadequate sleep dura-
tion (cOR=1.30; 95%ClI: 1.09-1.56; p=0.004)
compared to those without chronic
disease (Table 2). Hypertension, chronic
pain and heart disease more significantly
association with poor sleep quality and
inadequate sleep duration but diabetes
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mellitus was only significantly associated
with poor sleep quality but not inadequate
sleep duration. The odds of having poor
sleep quality and inadequate sleep dura-
tion increased significantly with increas-
ing number of chronic diseases.

On multivariate logistic regression
analysis of sociodemographic factors
(cluster 1), gender, marital status and edu-

cation level were significantly associated
with poor sleep quality. On multivariate
logistic regression analysis of health-re-
lated factors (cluster 2), alcohol drinking,
physical exercise, BMI, and illness during
the previous 2 weeks were significantly
associated with poor sleep quality. The
independent contributions of clusters 1
and 2 to poor sleep quality were 73.5% and

Table 3

Clustered logistic regression analysis of association between poor sleep quality by
sociodemographic factors (cluster 1), health-related factors (cluster 2) and chronic
diseases (cluster 3) among study subjects.

Predictor variables OR (95%CI)  p-value* Nagelkerke? Independent
R? contribution
(%)
Cluster 1
Gender
Male Reference 0.046
Female 1.20 (1.01-1.44)
Marital status
Single Reference 0.012
Married 0.75 (0.60-0.94)
Education level
High school or above Reference 0.024
Middle school 1.34 (1.06-1.70)  0.017
Primary school or below 1.49 (1.10-2.01) 0.010
Total 0.125 73.5
Cluster 2
Alcohol drinker
No Reference 0.033
Yes 1.29 (1.02-1.64)
Exercise regularly
Yes Reference 0.006
No 1.36 (1.09-1.69)
BMI (kg /m?) 1.04 (1.01-1.07) 0.006
Illness within previous 2 weeks
No Reference <0.001
Yes 2.01 (1.56-2.60)
Total 0.147 12.9
918 Vol 50 No.5 September 2019
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Table 3 (Continued)

Predictor variables OR (95%CI)  p-value* Nagelkerke? Independent
R? contribution
(%)
Cluster 3
Hypertension
No Reference 0.014
Yes 1.46 (1.08-1.97)
Diabetes mellitus
No Reference 0.032
Yes 1.54 (1.04-2.27)
Chronic pain
No Reference 0.013
Yes 1.96 (1.15-3.34)
Number of chronic diseases
0 Reference <0.001
1 1.42 (1.05-1.91) 0.021
>2 2.58 (1.59-4.17) <0.001
Total 0.170 135

BMI, body mass index; OR, odds ratio; CI, confidence interval.

aNagelkerke R? is the variance of the dependent variable (poor sleep quality) explained by all
independent variables included in the regression model.

*The independent contribution of each cluster of predictors to the variation in poor sleep quality
was calculated as the individual corresponding R? change/ total R? change in the final modelx100%.

*Only variables with p<0.05 were included in the model.

12.9%, respectively. On multivariate logis-
tic regression analysis of diseases (cluster
1), subjects with hypertension (OR=1.46;
95%ClI: 1.08-1.97; p=0.014), diabetes mel-
litus (OR=1.54; 95%CI: 1.04-2.27; p=0.032)
and chronic pain (OR=1.96; 95%ClI: 1.15-
3.34; p=0.013) had significantly greater
odds of having poor sleep quality than
those without these diseases. The inde-
pendent contribution of cluster 3 to poor
sleep quality was 13.5% (Table 3).

Among sociodemographic factors
(cluster 1), only employment status was
associated with inadequate sleep dura-
tion (Table 4). Among health related
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factors (cluster 2), alcohol drinking, BMI
and illness during the previous 2 weeks
were associated with inadequate sleep
duration. The independent contributions
of clusters 1 and 2 to inadequate sleep
duration were 18.9%, 32.1%, respectively.
Among diseases (cluster 3), hypertension
and chronic pain were significantly as-
sociated with inadequate sleep duration.
The independent contribution of cluster 3
to inadequate sleep duration was 49.1%.

DISCUSSION

To the best of our knowledge, this
was the first study of the association
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Table 4

Clustered logistic regression analysis of association between inadequate sleep dura-
tion by sociodemographic factors (cluster 1), health-related factors (cluster 2) and
chronic disease (cluster 3) among study subjects.

Predictor variables OR (95%CI)  p-value* Nagelkerke? Independent
R? contribution
(%)
Cluster 1
Employment status
Unemployed Reference <0.001
Employed 1.61 (1.32-1.95)
Total 0.010 18.9
Cluster 2
Alcohol drinker
No Reference 0.002
Yes 1.40 (1.16-1.68)
BMI 1.05 (1.03-1.08)  <0.001
Illness within previous 2 weeks
No Reference 0.003
Yes 1.38 (1.11-1.72)
Total 0.027 32.1
Cluster 3
Hypertension
No Reference 0.028
Yes 1.37 (1.03-1.81)
Chronic pain
No Reference 0.032
Yes 1.75 (1.05-2.93)
Number of chronic diseases
0 Reference <0.001
1 1.46 (1.10-1.95) 0.010
>2 2.98 (1.86-4.91) <0.001
Total 0.053 49.1

BMI, body mass index; OR, odds ratio; CI, confidence interval.

aNagelkerke R? is the variance of the dependent variable (inadequate sleep duration) explained
by all independent variables included in the regression model.

"The independent contribution of each cluster of predictors to the variation in inadequate sleep
duration was calculated as the individual corresponding R? change/total R? change in the final

modelx100%.

*Only variables with p<0.05 were included in the model.
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between chronic disease and poor sleep
quality and inadequate sleep duration
among adults aged 18-59 in southern
China. In our study, chronic disease was
significantly associated with poor sleep
quality and inadequate sleep duration
after adjusting for other variables. The
independent influence of chronic disease
on poor sleep quality was smaller than
the influence of sociodemographic factors
on poor sleep quality but larger than the
influence of sociodemographic factors
and health-related factors on inadequate
sleep duration.

In this study, the prevalences of poor
sleep quality (PSQI>7) and inadequate
sleep duration (<7 hours) were found in
15.6% and 23.1%, respectively. Previous
studies reported that the prevalence of
poor sleep quality varied from 20% to 40%
(Ohayon and Smirne, 2002; Magee et al,
2008). The lower prevalence of poor sleep
quality found in our study may be due
to a different cut-off point used to define
with poor sleep quality. In our study, age
was not associated with poor sleep qual-
ity or inadequate sleep duration unlike
the result of a study of Rossler et al (2017)
among similar aged adults. This may be
because the elderly were excluded from
our study; the elderly being more likely
to have age-related health problems that
might affect sleep.

Women in our study were more likely
to have poor quality sleep, similar to the
finding of several previous studies (Hale
and Do, 2007; Beck et al, 2013). It may be
because women have the double pres-
sure of caring for family and working.
Health and mood problems have been
reported to influence sleep quality among
women (Beck et al, 2013). In our study,
single individuals were more likely to
have poor sleep quality, similar to the
finding of a previous study (Ohayon and
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Smirne, 2002). Smoking, alcohol drinking
and physical exercise were previously
reported to be associated with poor sleep
quality (Tseng et al, 2014; Zhang et al, 2016)
but in our study, only alcohol drinking
and physical exercise were significantly
associated with poor sleep quality. In our
study, BMI was also associated with poor
sleep quality and and inadequate sleep
duration, similar to a previous study
(Garaulet et al, 2011).

Employees in our study were sig-
nificantly more likely to have inadequate
sleep duration. In our study, illness dur-
ing the previous 2 weeks was associated
with poor sleep quality and inadequate
sleep duration. A previous study reported
illness during the previous 2 weeks indi-
cated poor health, which was related to
poorer health-related quality of life, which
is associated with disordered sleep (Cui
et al, 2015).

In our study, chronic diseases were
associated with poor sleep quality and in-
adequate sleep duration similar to previ-
ous studies showing chronic disease being
associated with poor sleep quality (Buxton
and Marcelli, 2010) and inadequate sleep
duration (Lou et al, 2015). A previous
study from China reported poor sleep
quality was associated with hypertension
(Liu et al, 2016). A systematic review and
meta-analysis reported hypertension was
associated with inadequate sleep duration
(Wang et al, 2012). This could be because
both sleep disorders and hypertension
have physiological, psychological and
environmental factors that influence them.
Diabetes mellitus was previously reported
to be associated with poor sleep quality
and inadequate sleep duration (Lou et al,
2015); however, in our study diabetes mel-
litus was only associated with poor sleep
quality but not inadequate sleep duration.
Poor sleep quality has been reported to be
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associated with heart disease (Bernert et
al, 2014) and to be associated with inad-
equate sleep duration (Buxton and Mar-
celli, 2010). However, in our study, heart
disease was not associated with poor sleep
quality or inadequate sleep duration.

In our study, chronic pain was associ-
ated with poor sleep quality and inade-
quate sleep duration. Pain is commonly
associated with chronic conditions and
sleep problems as reported previously
(Lamberg, 1999). More than 70% of people
suffering from chronic pain have sleep
disorders (Cheatle et al, 2016). Depres-
sion and anxiety caused by chronic illness
could also be related to sleep disorders
(Ohayon and Roth, 2003) but we did not
evaluate this in our study.

Our study had several limitations.
First, causation cannot be determined
from a cross-sectional study. Second, the
data in our study was from self-reports,
which could have recall bias. Third, the
factors examined in this study were not
exhaustive. Mental health problems,
which can have a major influence on
sleep,were not assessed. Sleep quality,
measured by the PSQI was self-reported
and lacked an objective evaluation. Fur-
ther studies are needed to explore cause-
effect relationships.

In summary, the prevalences of poor
sleep quality and inadequate sleep dura-
tion in our study were high and were sig-
nificantly associated with chronic diseases
among our study subjects. Further studies
are needed to determined etiologies and if
further modification will result in improve
sleep quality and duration.
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