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Abstract

Objective Sleep duration is an important factor influencing health outcomes. The association between sleep duration and
kidney function remains elusive. This study aimed to explore the association between sleep duration and chronic kidney
disease (CKD) amongst Chinese adults.

Methods We conducted a cross-sectional study based on the China Health and Nutrition Survey (CHNS) in the wave of 2009.
Participants were divided into three groups: <6 h/day (short sleepers), 7-8 h/day (regular sleepers) and > 9 h/day (long sleep-
ers) according to self-reported sleep duration. CKD was defined as estimated glomerular filtration rate < 60 mL/min/1.73 m?.
Results A total of 8096 Chinese adults (45.9% men) with a mean age of 50.6 years were included in the study. Compared
with regular sleepers, both short and long regular sleepers had a higher prevalence of CKD. A U-shaped relationship between
sleep duration and CKD was displayed by restricted cubic spline curve (P-overall < 0.001, P-nonlinear < 0.001). Multivariate
logistic regression models revealed that both short and long sleep duration were clinically associated with higher odds of
CKD, after adjustments for covariates [adjusted odds ratio (OR) 1.25 and 1.30; 95% confidence interval (CI) 1.00-1.56 and
1.08-1.54, for short and long sleep duration, respectively]. In subgroup analyses, we found the association was still observed

in participants without hypertension or diabetes mellitus.

Conclusion Short or long sleep duration was associated with CKD in the general population.

Keywords Sleep duration - Chronic kidney disease - Cross-sectional study - Chinese adults

Introduction

Chronic kidney disease (CKD) is a growing public health
concern with an estimated prevalence of 8—-16% worldwide
[1], and approximately 11% in China [2]. Individuals with
CKD endure compromised health-related quality of life,
and have a greater risk for progression to end-stage renal
disease, cardiovascular diseases and even death [3]. CKD is
often asymptomatic at early stages, and the low awareness
rate allows CKD to progress through to advanced stages [4].
Unfortunately, there is no treatment to cure CKD at pre-
sent [5]. Pharmaceutical therapy to delay CKD progression,
such as angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers and sodium—glucose co-transporter-2
inhibitors, is also limited in clinical practice [5]. Screening
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for risk factors is favourable for developing preventive and
therapeutic interventions in the management of CKD. Non-
traditional CKD risk factors have been increasingly recog-
nised as major threats to kidney health [6]. Emerging evi-
dence suggests a high prevalence of sleep disorders in CKD
patients, including insufficient sleep, poor sleep quality and
sleep apnoea [6].

Sleep is a complex physiological process that is vital
for human health and well-being [7]. Approximately one-
third of the human lifetime is spent in sleep; however, many
adults report habitually insufficient sleep duration in mod-
ern society [8]. Sleep duration is increasingly recognised as
an important lifestyle contributor to health outcomes in the
general population, particularly short sleep duration [8—10].
Previous studies have reported longitudinal associations of
short sleep duration with greater risk of obesity, diabetes
mellitus, cardiovascular disease and all-cause mortality [9,
11]. Interestingly, long sleep duration, generally defined as
sleep durations > 9 h, is also associated with increased health
risks [12].
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With this regard, observational studies have been increas-
ingly carried out to explore the association between sleep
duration and CKD, but their results were inconsistent. Sev-
eral studies demonstrated that both short and long sleep
duration were independently associated with an increased
risk of CKD, and suggested a U-shaped relationship between
sleep duration and CKD [13-15]. In contrast, other stud-
ies reported that short sleep duration was not significantly
related to CKD [16, 17]. A previous meta-analysis study
supported a lack of significant association between short
sleep duration and CKD [18]. Therefore, more investigations
were needed to ascertain the inconsistent results in differ-
ent populations. To assess the relationship between sleep
duration and CKD, we analysed data derived from a large
survey population of the China Health and Nutrition Survey
(CHNS).

Methods
Study cohort and participants

The CHNS is a prospective cohort study conducted across
nine provinces in China including Liaoning, Jiangsu, Shan-
dong, Henan, Hubei, Hunan, Guangxi, Guizhou and Hei-
longjiang province. The survey used a multistage, random
cluster design to sample with probability proportionate. The
CHNS was approved by the Institutional Review Boards of
the University of North Carolina at Chapel Hill and the
National Institute for Nutrition and Health, Chinese Center
for Disease Control and Prevention. More detailed informa-
tion about CHNS can be obtained elsewhere [19].

In the 2009 wave of the CHNS, blood samples were
first collected and assessed in 9549 participants. Then,
we excluded those without data of serum creatinine data
(n=286), adolescents (n=_822), pregnant women (n=62),
those who had protein intake more than 110 g/day (n=379),
and those without information of sleep duration (n=104).
A total sample of 8096 participants (3720 men and 4376
women) was included in the final analysis.

Definition of chronic kidney disease

Venous blood was collected from each participant after
overnight fasting by medically trained staff based on stand-
ard protocols. The serum was separated and stored in the
ultra-low temperature freezer. Samples were analysed at a
national central laboratory under strict quality control (Med-
ical Laboratory Accreditation Certificate ISO 15189:2007)
in Beijing. Serum creatinine levels were measured using
picric acid method (Hitachi 7600 automated analyzer).
Detailed information was available at the website (https://
www.cpc.unc.edu/projects/china/data/datasets/bioma
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rker-data). Serum creatinine is formed as a result of the
non-enzymatic dehydration of muscle creatine, which is
the most widely used measure of renal function in clinical
practice. In this study, serum creatinine was used to esti-
mate glomerular filtration rate (GFR) based on the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [20]. The CKD-EPI equation, expressed as a sin-
gle equation, is GFR =141 x min(Scr/x, 1)* X max(Scr/x,
1)71209%0.99342° % 1.018 [if female] x 1.159 [if black],
where Scr is serum creatinine in mg/dl, « is 0.7 for females
and 0.9 for males, « is — 0.329 for females and — 0.411 for
males, min indicates the minimum of Scr/x or 1, and max
indicates the maximum of Scr/x or 1. CKD was defined as
estimated GFR < 60 mL/min/1.73 m* according to Kidney
Disease: Improving Global Outcomes (KDIGO) 2012 Clini-
cal Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease [21].

Define of sleep duration

Sleep duration was assessed using a self-reported ques-
tionnaire to obtain the time that the participant slept. The
questionnaire on physical activity included the question that
“How many hours each day do you usually sleep, including
during both daytime and nighttime?” For the analysis, par-
ticipants were categorised into 3 groups according to self-
reported sleep duration per day: <6 h (short sleepers), 7-8 h
(regular sleepers) and >9 h (long sleepers) [22].

Covariates

Demographic and behaviour data were obtained by the
CHNS questionnaire and physical examination including
age, sex, height, weight, hypertension, myocardial infarc-
tion, diabetes mellitus and lifestyle information (smoking
and drinking). Body mass index (BMI) was calculated as
body weight (kg)/height? (m?). Smoking status was catego-
rised as past or current smoked, and never. Urbanisation was
categorised as urban and rural residence. Education level
was categorised as primary school and below, and middle
school and above. Hypertension, myocardial infarction, dia-
betes mellitus were derived from the questions “Has a doctor
ever told you that you suffer from hypertension, myocardial
infarction or diabetes mellitus?”.

Statistical analysis

The continuous variables with normal distribution were
expressed by mean (standard deviation). The categorical
variables were presented by frequency (percentage). The
differences between groups were compared by ANOVA
tests for continuous variates and Chi-square tests for cat-
egorical variates. Restricted cubic spline analysis was used
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to evaluate the nonlinear association between sleep dura-
tion and CKD. Multivariable logistic regression models
were performed to explore whether sleep duration influenced
CKD independently. Model 1 was only adjusted by age and
sex. Model 2 was adjusted for factors from Model 1 plus
BM]I, race, residence site, education level, smoking status,
alcohol consumption, hypertension, myocardial infarction
and diabetes mellitus. Subgroup analyses based on age (> 60
or < 60 years), sex (male or female), BMI (>24 or < 24 kg/
m?), hypertension (yes or no) and diabetes (yes or no) were
used to evaluate the relationship between sleep duration
and CKD in these subgroups and the potential interaction
between sleep duration and these stratified variables. All the
data were cleaned, merged and analysed using R software
(version 4.1.3). A two-tailed P value < 0.05 was determined
to be statistically significant.

Results
A total of 8096 Chinese adults with a mean age of

50.6 + 15.1 years and 3720 (45.9%) men were finally
included in this study. The prevalence of CKD was 12.0%

amongst the entire population. Demographic and clinical
characteristics of all participants across sleep duration cat-
egories were displayed in Table 1. Amongst the 8096 par-
ticipants, regular sleepers (7-8 h of sleep duration) were
the most frequent, whilst 10.3% of participants had short
sleep duration (<6 h) and 22.8% of participants had long
sleep duration (> 9 h). Regular sleepers were more likely to
be younger and educated, and had the lowest prevalence of
CKD, hypertension and diabetes mellitus. A statistical dif-
ference was also found in sex, BMI, race and residence site
across sleep duration categories.

The restricted cubic spline analysis was used to iden-
tify the nonlinear association between sleep duration
and CKD. As shown in Fig. 1, there was a U-shaped
relationship (P-overall <0.001, P-nonlinear < 0.001)
between sleep duration and CKD taking 8 h sleep dura-
tion (median) as reference. Furthermore, results from
multivariate logistic regression analyses with multiple
covariates adjustments are present in Table 2. In the
unadjusted model, both short and long sleep duration
were significantly associated with CKD [odds ratio (OR)
2.20 and 1.73; 95% confidence interval (CI) 1.80-2.66
and 1.48-2.02, for short and long sleep duration,

Table 1 Demographic and clinical characteristics of participants according to the sleep duration

Variables Total (N=28096) <6 h/day (N=832) 7-8 h/day (N=5418) >9 h/day (N=1846) P value
Age, years 51.0 (15.1) 58.0 (13.9) 49.0 (14.2) 52.0 (17.0) <0.001
Sex, n (%) 0.148
Male 3720 (45.9) 357 (42.9) 2497 (46.1) 866 (46.9)
Female 4376 (54.1) 475 (57.1) 2921 (53.9) 980 (53.1)
BMI, kg/m? 23.36 (3.48) 23.49 (3.57) 23.46 (3.46) 23.04 (3.47) <0.001
Race, n (%) <0.001
Han ethnicity 7143 (88.2) 745 (89.5) 4816 (88.9) 1582 (85.7)
Other minorities 953 (11.8) 87 (10.5) 602 (11.1) 264 (14.3)
Residence site, n (%) <0.001
Rural 5399 (66.7) 461 (55.4) 3626 (66.9) 1312 (71.1)
Urban 2697 (33.3) 371 (44.6) 1792 (33.1) 534 (28.9)
Educational level, n (%) <0.001
Primary school and below 3561 (44.0) 435 (52.3) 2195 (40.5) 931 (50.4)
Middle school and above 4535 (56.0) 397 (47.7) 3223 (59.5) 915 (49.6)
Current or ever smoker, n (%) 2460 (30.4) 283 (34.0) 1616 (29.8) 561 (30.4) 0.050
Alcohol consumption, n (%) 2591 (32.0) 272 (32.7) 1764 (32.6) 555 (30.1) 0.127
Hypertension, n (%) 1091 (13.5) 173 (20.8) 629 (11.6) 289 (15.7) <0.001
Myocardial infarction, n (%) 80 (1.0) 13 (1.7) 44 (0.8) 23(1.2) 0.056
Diabetes mellitus, n (%) 239 (3.0) 36 (4.3) 140 (2.6) 63 (3.4) 0.009
eGFR, mL/min/1.73 m? 79.2 (16.9) 73.4 (16.6) 80.2 (16.2) 78.6 (18.6) <0.001
CKD, n (%) 975 (12.0) 159 (19.1) 526 (9.7) 290 (15.7) <0.001

Data were expressed as mean (SD) for normally distributed data. Categorical variables were expressed as frequency (percentage). Comparisons
of the quantitative variables amongst the groups were analysed by ANOVA tests. Differences of qualitative data amongst the groups were ana-

lysed using chi-square test

BM1I body mass index, eGFR estimated glomerular filtration rate, CKD chronic kidney disease
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Fig.1 Nonlinear association between sleep duration and CKD in
restricted cubic spline analysis. The red solid line represented OR,
and the red dashed lines represented 95% CI

respectively]. After adjustments for covariates, short and
long sleep duration retained their significant relation-
ship with higher odds of CKD in adjusted model includ-
ing age, sex, BMI, race, residence site, education level,
smoking, alcohol consumption, hypertension, myocardial
infarction and diabetes mellitus [OR (95% CI) for short
and long sleep duration: 1.34 (1.08, 1.67) and 1.40 (1.18,
1.66) in model 1; 1.25 (1.00, 1.56) and 1.30 (1.08, 1.54)
in model 2].

Subgroup analyses based on age, sex, BMI, hyperten-
sion and diabetes are shown in Fig. 2. The associations
between short and long sleep duration and CKD risk
disappeared in participants with age < 60 years old. In
older adults, long sleep duration was continuously associ-
ated with the prevalence of CKD in the adjusted model,
whereas short sleep duration not. By stratifying sex and
BMLI, there was only statically significance for long sleep
duration in males and in participants with BMI < 24 kg/
m?. In those without hypertension or diabetes, both short
and long sleep duration correlated with the prevalence of
CKD, which was not observed in those with hypertension
or diabetes.

Discussion

Using data from CHNS, we found that both short and long
sleepers had a higher prevalence of CKD compared with
regular sleepers. There was a U-shaped relationship between
sleep duration and CKD by restricted cubic spline analysis.
Furthermore, multivariate logistic regression analyses also
suggested that short or long duration was associated with an
increased risk of CKD prevalence in all models. The associa-
tion was still observed in participants without hypertension
or diabetes mellitus in subgroup analyses.

The association between sleep duration and CKD has
been reported inconsistent across different populations. In a
cross-sectional study of Japanese middle-aged adults, short
sleep duration (<5 h) was not clearly associated with CKD
[23]. In another Japanese prospective study, short sleep
duration (<5 h) was a risk factor for early CKD but only
amongst shift workers, whilst long sleep duration was not
associated with risk of CKD [24]. In contrast, Yamamoto
et al. found that both short and prolonged sleep duration
were significantly associated with deterioration of renal
function in patients with CKD, even after adjusting for con-
founding factors [25]. In a cross-sectional study from 2004
to 2006 NHIS, Salifu et al. also found that both short and
long sleep duration increased odds of self-reported CKD
[26]. However, a linear relationship between objectively
measured sleep duration and eGFR was observed in a Swiss
general population [27]. In a cross-sectional study of elderly
Chinese patients with hypertension, short sleep duration was
associated with CKD [28]. More recently, Sun et al. revealed
a U-shaped association between sleep duration and risk of
CKD in middle-aged and older Chinese [14]. In a Mendelian
randomisation analysis, causal effects of short sleep dura-
tion on CKD had been demonstrated in a large-scale general
population cohort [29]. Either <6 h or >9 h sleep duration
was clinically associated with a higher prevalence of CKD
[29]. Another Mendelian randomisation study demonstrated
that there was no evidence of causal association between
genetically predicted sleep duration and end-stage renal dis-
ease [30]. In the present study, we found that short (<6 h)
or long (>9 h) sleep duration was associated with increased

Table 2 Association between

<6 h/day (N=832)

7-8 h/iday (N=5418) >9 h/day (N= 1846)

sleep duration and risk of CKD

amongst Chinese adults OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Unadjusted 2.20 (1.80, 2.66) <0.001 Reference - 1.73 (1.48,2.02) <0.001
Model 1 1.34 (1.08, 1.67) 0.007 Reference - 1.40 (1.18, 1.66) <0.001
Model 2 1.25 (1.00, 1.56) 0.049 Reference - 1.30 (1.08, 1.54) 0.004

Model 1, adjusted for age, sex. Model 2: adjusted for model 1 covariates plus BMI, race, residence site,
education level, smoking, alcohol consumption, hypertension, myocardial infarction, and diabetes mellitus

OR odds ratio, CI confidence interval
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odds of CKD, which contributed to increasing the evidence
regarding the association between sleep and CKD.
Substantial studies have described an abnormal sleep
duration with hypertension, diabetes mellitus and cardiovas-
cular diseases [8, 31, 32], conditions that often accompany
or cause CKD. It is, therefore, possible that hypertension
or diabetes may exert a mediation or confounding effect on
composite renal outcome amongst participants. The results
from multivariate logistic regression analyses reported
that both short and long sleep duration were independently
associated with CKD, even after adjustments for covariates
including hypertension, myocardial infarction and diabetes
mellitus. In subgroup analyses, we still observed that short
and long sleep duration correlated to higher odds of CKD

in participants without hypertension or diabetes mellitus,
but not in those with hypertension or diabetes mellitus. This
indicated that the association between sleep duration and
CKD might vary by baseline disease status. Further research
is needed to investigate the association of sleep duration
and CKD in different clinical settings, including hereditary
diseases and glomerular or interstitial diseases.

There are several possible mechanisms in support of an
adverse effect of inappropriate sleep duration on CKD. Pre-
vious studies have suggested that short sleep periods may
cause disturbances in circadian rhythm, and further activa-
tion of the sympathetic nervous system could impair blood
pressure control [6, 33]. Short sleep duration was also found
to be associated with hormonal changes, reduced insulin
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sensitivity and impaired p-cell function, which contributed
to the increased risk of diabetes mellitus [11, 34]. Thus,
short sleep duration may play an indirect role in the devel-
opment of CKD. Although underlying mechanisms of long
sleep duration remained poorly understood, it could be spec-
ulated that higher proportions of daytime napping, snoring
or obstructive sleep apnoea may be the main cause of long
sleep duration, and these sleep disturbances correlated to the
progression of CKD [29]. In addition, both short and long
sleep duration have been associated with markers of inflam-
mation [35-37], which may represent a possible mechanism
by which inappropriate sleep duration affect kidney health.
The underlying mechanisms of sleep duration on CKD are
required in-depth research.

Our findings were based on a large-sample cohort, which
ensured stability and reliability of results from multivari-
ate logistic regression analyses. However, there were sev-
eral limitations in the study. First, diagnosis of CKD was
based on a single measurement of serum creatinine value,
without monitoring repeatedly, which could not rule out
participants with acute kidney injury or a transient increase
on serum creatinine. Second, it was unable to eliminate the
effects of potential confounding factors, such as shift work
and treatment including sleeping-induced drugs, due to the
limited information in this retrospective study. Considerable
attention should be paid to these factors in further studies.
Third, self-report sleep duration was subjective from a single
questionnaire rather than objective method by supervised
monitoring, which might be overestimated. Additional inves-
tigations are warranted using objective measures of sleep.
Finally, the causal association between sleep duration and
CKD could not be determined because of the cross-sectional
design of our study, and warrants prospective cohort studies.
Long-term healthy sleep interventions are needed to evalu-
ate the potential effect of optimal sleep duration on CKD in
the future.

Conclusion

In summary, short or long sleep duration was associated
with CKD in the general population. Further investigations
are needed to clarify the relationship between sleep duration
and CKD, as well as possible mechanisms underlying this
association.
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