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Abstract
Study objectives Renal hyperfiltration (RHF) has emerged as
a novel marker of early renal damage in various conditions
such as diabetes and metabolic syndrome. Aberrant sleep du-
ration and excessive daytime napping may affect the develop-
ment of chronic kidney disease (CKD). In this study, the as-
sociation between sleep duration, daytime napping, and renal
hyperfiltration was assessed.
Setting This study was conducted in three communities in
China.
Participants A total of 16,119 community volunteers (5735
males and 10,384 females) aged 40–65 years without CKD
were included for the study.
Methods and results Participants with short sleep duration
(<6 h/day) or long sleep duration (≥10 h/day) were at a sig-
nificantly increased risk of renal hyperfiltration. The fully ad-
justed ORs (95% CI) were 2.112 (1.107, 4.031) and 2.071
(1.504, 2.853), respectively (P < 0.05). In addition, those

who took naps longer than 1.5 h per day had a higher risk of
renal hyperfiltration compared with those without napping
(OR 1.400, 95% CI 1.018–1.924). Further joint analysis indi-
cated that participants with long sleep duration (≥10 h/day)
had a more than twofold increased risk of RHF regardless of
nap status compared with those who slept 8–9 h per day with-
out daytime napping. The association between sleep duration
or daytime napping and RHF could not be explained by the
influence of sleep quality. Additional subgroup analysis
showed long sleep duration (≥9 h/day) and long daytime nap-
ping (≥1.5 h) were associated with an increased risk of RHF
among individuals with good sleep quality.
Conclusion Sleep duration less than 6 h/day or more than
10 h/day and long daytime napping tend to be associated
with an increased risk of renal hyperfiltration in middle-
aged general population, and this relationship was inde-
pendent of diabetes, hypertension, obesity, or poor sleep
quality.
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Introduction

In the past decades, emerging evidence showed that chronic
sleep loss and sleep disorders represent as an increasing public
burden adversely affecting metabolic health. According to re-
cent epidemiological studies, short sleep duration, long sleep
duration, impaired sleep quality, and irregular sleep wake pat-
terns have been associated with the prevalence and adverse
outcome of multiple metabolic disorders such as obesity [1],
diabetes [2, 3], hypertension [4, 5], cardiovascular disease [6,
7], as well as osteoporosis [8]. On the other hand, there is
abundant evidence indicating that sleep-related disturbances
including obstructive sleep apnea (OSA), restless leg move-
ments, and periodic leg movements are highly prevalent in
chronic kidney disease (CKD) population as compared with
general population [9–12]. OSA has been showed to be inde-
pendently associated with the risk of death from any cause and
cardiovascular events of patients on peritoneal dialysis or he-
modialysis [13]. However, the association between sleep dis-
orders and the development of CKD remains unclear. Limited
data from single-center studies showed that sleep duration and
OSAmay be risk factors affecting the development of protein-
uria and CKD [14]. Recently, Yamamoto et al. reported that
short sleep duration, especially five or fewer hours, was a
predictor of proteinuria [15]. The underlying mechanisms
linking sleep disturbances and progression of CKD may be
through activation of the sympathetic nervous system, the
renin–angiotensin–aldosterone (RAAS) system, endothelial
dysfunction, and inflammation. In addition, the impact of
OSA on renal hemodynamics may be another important
mechanism that contributes to the CKD progression.
Kinebuchi et al. showed that renal hyperfiltration (RHF) could
be reversed after institution of continuous positive airway
pressure (CPAP) therapy in patients with OSA, which impli-
cates the potential association between renal hyperfiltration
and sleep disorders [16].

RHF has been considered as a marker of early renal dam-
age in pre-diabetes and pre-hypertension [17]. High metabolic
risk was associated with glomerular hyperfiltration before
overt manifestations of cardiovascular disease [18]. The
long-term clinical implication of RHF as a predictor of all-
cause mortality has been investigated in a recent study; Park
et al. observed a significant association between age-adjusted,
sex-adjusted, muscle mass-adjusted, and history of diabetes
and/or hypertension medication-adjusted RHF and higher
all-cause and cardiovascular mortality in a large apparently
healthy adult population after a median follow-up period of
12.4 years [19]. Additionally, it has been reported that some
lifestyle factors such as smoking and physical activity may be
associatedwith RHF [20, 21]. Therefore, to further explore the

risk factors associated with renal hyperfiltration may reveal
novel modifiable factor to improve renal heath.

No study has yet evaluated the association between sleep
duration and renal hyperfiltation. In this study, we aim to
examine the association between sleep duration, daytime nap-
ping, and glomerular hyperfiltration

Materials and methods

Setting and study population

This is a population-based cross-sectional study designed to
clarify the risk factors for cardiometabolic diseases. The de-
tails of the study have been described previously [8, 22].
Between June 2011 and January 2012, the health screenings
were performed in three areas of China including Chongming,
Ningde, and Wuyishan. Among the randomly invited partici-
pants aged 40–65 years old, we excluded 222 screenings with
history of renal disease, albuminuria (urinary albumin creati-
nine ratio > 30 mg/g or positive dipstick protein),
eGFR < 60 ml/min per 1.73 m2. A total of 16,119 participants
(5735 males and 10,384 females) were included in the analy-
sis. The study protocol was approved by the Ethics Committee
of Fujian Provincial Hospital, and written informed consent
was obtained from each participant.

Questionnaire

Information about the participant’s sleep duration, daytime
napping time, medication for diabetes and/or hypertension,
and the history of smoking, alcohol consumption, physical
activity, diabetes, and hypertension was obtained using a
self-reported, structured questionnaire by a trained interviewer
as previously described [23]. All participants had been exam-
ined by a trained physician to have no systematic edema. Self-
reported sleep duration and daytime napping time were
ascertained by the following questions: (1) how many hours
of sleep do you usually get at night, (2) how many minutes do
you usually nap at noon, and (3) do you usually snore during
sleep? The nocturnal sleep time and nap time were recorded in
half hour and 15-min increments, respectively. Sleep duration
was defined as the sum of nighttime sleep and daytime nap-
ping duration and was divided into six categories as <6, 6–7,
7–8, 8–9, 9–10, or ≥10 h, and daytime napping duration was
classified into four categories (0, 0–1, 1–1.5, and ≥1.5 h).
Respondents had four options in response to snoring: often
(at least three to five times a week), sometimes (one to two
times a week), never, and not sure. The answer of often was
considered as snoring. Three self-reported options were pro-
vided to describe sleep quality: (1) good, (2) poor, and (3)
need medication. Sleep difficulties could be rated by the num-
ber of days with sleep problem on a five-point scale ((1) none,
average 1 day/month; (2) minor, average 1–3 days/month; (3)
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moderate, average 4–7 days/month; (4) severe, average
8 days/month; and (5) very severe, medication help for sleep).
Good sleep was defined as level 1 or 2, poor sleep as level 3 or
4, and need medication as level 5. Smoking status and alco-
holic consumption were classified into three categories: never,
past (previous consumption but had quit for more than
6 months), and current (current consumption for more than
6 months). Leisure physical activity was divided into four
categories: never, low-intensity (such as walking), moderate-
intensity (such as jogging, playing table tennis, and Tai Chi),
and high-intensity (such as playing basketball, swimming, and
running) exercises, lasting 10 min or more at a time. The last
three categories were recorded as having leisure time physical
activity. Occupation activity was categorized into six groups:
none, light (such as office worker), moderate (such as assem-
bly line worker), intense (such as mounter and truck man), and
severe intense (such as steelworker, farmer, and foundryman)
according to the type of activity performed. The last five
groups were regarded as having occupation activity.

Measurements and definition

Blood samples were drawn after a 12-h overnight fast. BP was
measured using an automated BP measurement device
(Omron Healthcare, Kyoto, Japan) after resting for at least
20 min in a sitting position, and the last two readings were
averaged. Body mass index (BMI) was calculated by dividing
weight (in kilograms) by height (in meters) squared. Fasting
glucose, triglycerides, total cholesterol, low-density lipopro-
tein, and high-density lipoprotein were measured using an
autoanalyzer. The diagnosis of diabetes was based on
AmericanDiabetes Association criteria [24], and hypertension
was diagnosed according to Eighth Joint National
Commission recommendation [25]. Dyslipidemia was de-
fined as previously suggested [8]. Serum creatinine was mea-
sured using the modified Jaffe reaction with a Beckman
Analyzer (Beckman Instruments Inc., CA, USA). The serum
creatinine measurement was not standardized to isotope dilu-
tion mass spectrometry, and we reduced the serum creatinine
levels by 5% as previously proposed [19]. eGFR was calcu-
lated with the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation on the basis of serum cre-
atinine. For the present analysis, RHF was defined as an ab-
solute GFR >97.5th percentile of the whole participants after
adjusted for sex, age, weight, height, and the use of
angiotensin-converting enzyme inhibitor (ACE inhibitor) or
angiotensin II receptor blockers (ARBs) as previously sug-
gested [20, 26]. Briefly, all subjects >97.5th percentile in the
distribution of residuals were selected from a multiple linear
regression analysis where logarithm-transformed eGFR was
used as a dependent variable and sex, the use of ACE inhib-
itors or ARB, logarithm-transformed age, and BMI as inde-
pendent variables.

Statistical analyses

SPSS 17.0 for windows (SPSS Inc., Chicago, IL) was used for
statistical analysis. P < 0.05 (two sided) was considered sta-
tistically significant. All normally distributed continuous var-
iables were presented as mean ± SD, and categorical variables
were as percentages. Differences between categories were
compared with one-way ANOVA, χ2, and nonparametric tests
as appropriate. Multiple logistic regression models were used
to analyze the odds ratio and 95% CIs of RHF associated with
sleep duration or daytime napping, respectively, after adjust-
ment for potential confounders, such as age, BMI, gender,
smoking status, alcohol consumption, physical activity, occu-
pation activity, diabetes, hypertension, dyslipidemia, as well
as snoring. For the analysis of sleep duration, those with 8–9 h
of sleep per day were used as the reference group because it
has been recommended as the optimal duration for adults over
18 years. In the analysis of napping, subjects without napping
were used as the reference group. Additional logistic models
were used to analyze difference between poor and good sleep
quality. Finally, a joint analysis by combining categories of
sleep duration with daytime napping in the regression model
was conducted to analyze the interaction between day napping
and sleep duration using subjects with no napping and 8–9 h
of sleep duration as the referent. Those who with sleep dura-
tion less than 8 h or 0–1.5 h of daytime napping were grouped
together, respectively, because of the small sample size.

Results

After excluding 222 individuals with eGFR < 60 ml/min/
1.73 m2 or treatment for self-reported kidney diseases, a total
of 16,119 participates aged 40–65 years, including 5735males
and 10,384 females, were included in the analysis. The mean
age of the total population was 52.4 ± 6.8 years; self-reported
sleep duration was 8.4 ± 1.3 h, and daytime nap duration was
0.5 ± 0.6 h. The 198 men and 205 women with hyperfiltration
had mean eGFRs of 114.9 (range 113.9–115.8) and 115.5
(range 114.5–116.5) ml/min/1.73m2, compared with 96.8
and 97.2 ml/min/1.73m2 for men and women with normal
filtration.

The general characteristics of the participants in this study
according to different categories of sleep duration are shown
in Table 1. Compared with those who slept 8–9 h per day,
participants who slept less than 6 h were more likely to be
older and underweight and to have higher proportion of dys-
lipidemia, while those with sleep duration longer than 10 h
were more likely to be current smokers, of male gender, to
have higher systolic blood pressure, and less leisure time ac-
tivities. In addition, both short and long sleep durations were
significantly associated with higher proportions of current
drinkers and more work activities. Furthermore, no difference
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in self-reported medications, particularly antihypertensive
agents, antidiabetic agents, and cardiovascular medications,

was observed across all sleep categories. The proportion of
hypolipidemic treatment was higher in long sleep group

Table 1 General characteristics of the study population according to hours of sleep duration

Characteristics <6 h 6–7 h 7–8 h 8–9 h 9–10 h ≥10 h P value

N 344 920 3031 5443 3967 2414

Men, % 125 (36.3%) 313 (34.0%) 1044 (34.4%) 1818 (33.4%) 1457 (36.7%) 978 (40.5%) <0.001

Age 53.7 ± 6.3 52.3 ± 6.6 52.3 ± 6.8 52.3 ± 6.7 52.4 ± 6.9 52.3 ± 6.9 0.019

BMI, kg/m2 24.2 ± 3.5 24.3 ± 3.3 24.4 ± 3.3 24.4 ± 3.9 24.3 ± 3.8 24.0 ± 3.1 0.001

<18.5% 2.9% 1.9% 2.3% 2.2% 2.1% 2.4% <0.001

>25.0% 40.2% 40.0% 32.5% 38.5% 39.3% 35.8% <0.001

Systolic BP (mmHg) 129.7 ± 17.9 128.9 ± 18.1 129.3 ± 18.2 130.1 ± 18.9 131.5 ± 19.7 131.4 ± 18.9 <0.001

Diastolic BP (mmHg) 77.9 ± 10.5 78.0 ± 11.0 78.3 ± 10.6 79.2 ± 10.7 79.3 ± 10.9 78.9 ± 10.7 <0.001

FSG (mmol/l) 5.8 ± 1.4 5.8 ± 1.5 5.9 ± 1.5 6.0 ± 1.5 5.9 ± 1.5 5.9 ± 1.5 0.002

Serum creatinine (μmol/l) 61.7 ± 11.0 62.0 ± 10.6 63.0 ± 10.5 63.1 ± 10.7 63.0 ± 10.8 61.7 ± 10.7 <0.001

eGFR, ml/min per 1.73 m2b 97.2 ± 11.3 97.8 ± 10.5 97.4 ± 10.7 97.4 ± 10.6 97.3 ± 10.8 98.2 ± 11.1 0.010

RHF, %c 4.9% 2.0% 2.6% 2.1% 2.3% 3.5% <0.001

Smoking, %

Nonsmoker 82.3% 82.7% 76.8% 80.7% 82.0% 79.3% 0.002

Former smoker 3.1% 3.5% 4.2% 4.0% 3.8% 3.8%

Current smoker 14.6% 13.8% 18.9% 15.3% 14.3% 16.9%

Alcohol intake, % <0.001

Nondrinker 64.5% 68.8% 55.6% 66.9% 68.9% 64.1%

Former drinker 23.9% 19.7% 27.7% 21.2% 20.2% 22.2%

Current drinker 11.6% 11.5% 16.7% 11.9% 10.9% 13.7%

Snore, % 19.8% 23.4% 22.1% 20.0% 20.1% 21.1% 0.056

Nocturnal sleep, h 4.5 ± 1.0 6.0 ± 0.5 7.0 ± 0.5 7.8 ± 0.5 8.6 ± 0.7 9.7 ± 1.1 <0.001

Daytime napping, h 0.2 ± 0.4 0.2 ± 0.4 0.3 ± 0.5 0.5 ± 0.3 0.6 ± 0.7 0.9 ± 0.9 <0.001

Poor sleep, % 33.9% 15.9% 11.4% 9.2% 10.1% 9.2% <0.001

Physical activity, %

Work activity, % 59.7% 53.4% 63.6% 49.5% 46.9% 57.2% <0.001

Leisure activity, % 15.2% 19.2% 12.5% 15.8% 17.7% 13.6% <0.001

Diabetes, % 16.0% 14.9% 16.4% 17.7% 17.1% 16.4% 0.257

Hypertension, % 37.6% 32.9% 34.6% 36.1% 38.6% 36.7% 0.003

Dyslipidemia, % 72.1% 67.2% 65.7% 66.1% 69.1% 67.5% 0.007

Treatments for comorbid conditions

Diabetes, % 4.6% 4.5% 4.0% 4.5% 4.7% 3.9% 0.713

Hypertension, % 8.7% 10.0% 8.2% 9.4% 10.4% 9.0% 0.131

Dyslipidemia, % 0.1% 0.4% 0.0% 0.2% 0.1% 0.3% 0.028

Heart, % 0.1% 0.1% 0.1% 0.2% 0.2% 0.3% 0.784

Medications

ACEI and/or ARB use, % 2.00% 1.50% 2.30% 2.30% 2.40% 1.60% 0.214

β-Blocker use,% 0.90% 0.01% 0.30% 0.30% 0.30% 0.30% 0.353

Calcium channel blocker use, % 4.70% 3.90% 4.80% 4.40% 4.00% 3.50% 0.198

Diuretic use, % 0.30% 0.40% 0.30% 0.20% 0.10% 0.20% 0.079

Statin use, % 0.30% 0.10% 0.20% 0.00% 0.30% 0.10% 0.079

a Chi-squared tests for discrete variables, Kruskal–Wallis tests for nonparametric variables, and one-way ANOVA for continuous variables
b eGFR using the CKD-EPI equation
c eGFR higher than the age-adjusted, sex-adjusted, BMI-adjusted, and the use of ACE inhibitors or ARB-adjusted 97.5th percentile (details in BMaterials
and methods^ section)
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(>10 h) than that of control group. For antihypertensive
agents, there was no difference of the use of diuretics,
ACEI/ARB, beta-blocker, or calcium channel blocker (CCB)
among different sleep categories.

Table 2 summarizes the participants’ characteristics by nap
habits. Napping during the day was reported by 2672 of 5733
men (46.6%) and 4177 of 10,380 women (40.3%). Those who
took naps were more likely to be men than those who did not
nap. Individuals who took naps were more likely to be
smokers, current drinkers, and to have more work activities,
more snoring, and higher prevalence of dyslipidemia. The
proportion of RHF was also higher among the daytime nap-
ping individuals than those who did not nap. The above asso-
ciations were all stronger for those who napped for longer time
periods (≥1.5 h). In addition, the percentages of CCB use and

hypolipidemic or antidiabetic treatment were higher in partic-
ipants with daytime napping than those without napping.

The association between sleep durations and RHF was an-
alyzed with a multivariate logistic regression adjusted for pos-
sible confounding variables, such as age, sex, smoking, alco-
hol intake, diabetes, hypertension, dyslipidemia, BMI, systol-
ic BP, diastolic BP, fasting glucose, leisure time, and occupa-
tion activities; ORs of RHF across sleep or napping categories
are showed in Table 3. Participants reporting short sleep (<6 h)
and long sleep (≥10 h) had significantly higher risks of RHF in
all three models (P < 0.05), although the magnitude of asso-
ciation attenuated in models 2 and 3. After adjustment for all
confounders (model 3), as compared with reference, fully ad-
justed ORs (95% CI) of <6 h/day and ≥10 h/day were 2.112
(1.107–4.031,P = 0.023) and 2.071 (1.504–2.853, P < 0.001),

Table 2 General characteristics
of the study population according
to hours of daytime napping

Characteristics 0 h 0–1.0 h 1.0–1.5 h >1.5 h P valuea

N 9269 1847 3217 1786
Men, % 3063 (33.1%) 611 (33.1%) 1262 (39.2%) 799 (44.7%) <0.001
Age 52.2 ± 6.8 52.2 ± 6.8 52.3 ± 6.9 52.2 ± 6.9 0.260
BMI, kg/m2 24.4 ± 3.9 24.1 ± 3.1 24.2 ± 3.2 24.3 ± 3.3 0.004
<18.5% 2.2% 1.9% 2.3% 2.4% 0.834
>25.0% 38.4% 38.4% 37.2% 37.8%

Systolic BP (mmHg) 130.6 ± 19.1 129.2 ± 17.9 130.5 ± 19.0 130.7 ± 19.3 0.030
Diastolic BP (mmHg) 79.3 ± 10.7 78.2 ± 10.4 78.8 ± 10.8 77.9 ± 11.3 <0.001
FSG (mmol/l) 6.0 ± 1.5 5.8 ± 1.3 5.9 ± 1.5 5.8 ± 1.6 <0.001
Serum creatinine (μmol/l) 62.8 ± 10.7 62.0 ± 10.3 62.9 ± 10.7 62.9 ± 10.8 0.010
eGFR, ml/min per 1.73 m2 97.8 ± 10.2 97.0 ± 10.9 97.1 ± 10.8 97.5 ± 11.2 0.002
RHF, % 2.3% 2.7% 2.5% 3.5% 0.032
Smoking, %
Nonsmoker 81.5% 85.3% 79.7% 75.8% <0.001
Former smoker 3.9% 3.1% 4.0% 3.9%
Current smoker 14.7% 11.6% 16.3% 20.3%

Alcohol intake, %
Nondrinker 70.7% 63.8% 61.6% 55.8% <0.001
Former drinker 18.8% 24.8% 24.2% 26.4%
Current drinker 10.4% 11.4% 14.2% 17.9%

Snore, % 19.9% 19.8% 21.4% 25.2% <0.001
Nocturnal sleep, h 8.1 ± 1.3 7.7 ± 1.2 7.8 ± 1.2 7.7 ± 1.4 <0.001
Daytime napping, h 0 0.5 ± 0.09 1.0 ± 0.03 1.9 ± 0.4 <0.001
Poor sleep, % 10.6% 15.9% 11.6% 12.8% <0.001
Physical activity, %
Work activity, % 48.3% 53.3% 52.0% 68.9% <0.001
Leisure activity, % 14.0% 21.2% 18.1% 18.9% <0.001
Diabetes, % 16.8% 16.6% 17.4% 17.3% 0.801
Hypertension, % 36.9% 33.2% 36.6% 36.5% 0.025
Dyslipidemia, % 65.6% 67.4% 69.4% 70.8% <0.001

Treatments for comorbid conditions
Diabetes, % 4.0% 4.9% 4.9% 5.6% 0.005
Hypertension, % 9.2% 10.0% 9.8% 10.9% 0.100
Dyslipidemia, % 0.1% 0.3% 0.2% 0.3% 0.035
Heart, % 0.2% 0.3% 0.3% 0.1% 0.199

Medications
ACEI and/or ARB use, % 2.10% 2.60% 2.40% 1.60% 0.139
β-Blocker use, % 0.20% 0.20% 0.30% 0.50% 0.245
Calcium channel blocker use, % 3.90% 5.40% 4.20% 4.90% 0.013
Diuretic use, % 0.20% 0.20% 0.30% 0.10% 0.860
Statin use, % 0.20% 0.20% 0.10% 0.10% 0.860

a Chi-squared tests for discrete variables, Kruskal–Wallis tests for nonparametric variables, and one-way ANOVA
for continuous variables
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respectively. On the other hand, compared with the partici-
pants who did not take naps, those who took naps longer than
1.5 h per day were significantly associated with greater odds
of RHF (P = 0.037). After adjusting for all the above con-
founding variables, fully adjusted OR (95% CI) of 1.5 h/day
was 1.400 (1.018, 1.924, P = 0.034). Further adjustment for
medications and treatments for comorbid conditions did not
attenuate the association between RHF and sleep duration or
naps (Table S2).

The interaction of daytime napping and sleep duration on
the risk of RHF is shown in Fig. 1. There was a statistically
significant overall interaction between hours of sleep duration
and daytime napping on RHF (P = 0.012). However, the re-
lationship between daytime napping and RHF depended on
the hours of sleep duration. Among those who reported no
napping, both short (<8 h) and long (≥10 h) hours of sleep

duration were associated with higher risks of RHF. Daytime
napping further increased the risk of RHF among participants
with sleep duration longer than 10 h per day. Overall, partic-
ipants with no napping and 8–9 h of sleep per day had the
lowest risk of RHF, whereas individuals who napped ≥1.5 h
during the day and slept ≥10 h per day had the highest risk.
The fully adjusted OR (95% CI) was 2.732 (1.690, 4.416)
(P < 0.001).

To further investigate whether the associations between
sleep duration, daytime napping, and RHF varied with sleep
quality, subgroup analysis was performed among the partici-
pants reported good or poor sleep quality, respectively
(Table 4). Among participants with good sleep quality, those
who slept 9–10 h/day and more than 10 h/day had higher fully
adjusted ORs (OR 1.462, 2.241, 95% CI 1.043–2.049 and
1.585–3.170, P = 0.027 and P < 0.001) as compared with

Table 3 Multiple adjusted ORs
(95% CI) of renal hyperfiltration
across sleep and daytime napping
categories

Model 1 Model 2 Model 3

Sleep duration, h

<6 h 2.452 (1.455, 4.133)* 2.367 (1.402, 3.994)* 2.112 (1.107, 4.031)*

6–7 h 0.941 (0.570, 1.556) 0.941 (0.569, 1.556) 1.064 (0.609, 1.860)

7–8 h 1.279 (0.957, 1.709) 1.274 (0.953, 1.703) 1.390 (0.996, 1.941)

8–9 h 1 (Ref) 1 (Ref) 1 (Ref)

9–10 h 1.721 (1.294, 2.290) 1.074 (0.811, 1.421) 1.241 (0.902, 1.708)

≥10 h 1.279 (0.957, 1.709)* 1.655 (1.243, 2.205)* 2.071 (1.504, 2.853)*

Daytime napping, h

0 h 1 (Ref) 1 (Ref) 1 (Ref)

0–1.0 h 1.164 (0.849, 1.594) 1.170 (0.854, 1.603) 1.069 (0.748, 1.528)

1.0–1.5 h 1.075 (0.827, 1.396) 1.040 (0.800, 1.352) 0.992 (0.740, 1.330)

>1.5 h 1.535 (1.152, 2.047)* 1.443 (1.080, 1.926)* 1.400 (1.018, 1.924)*

Model 1 was unadjusted. Model 2 was adjusted for age, sex, and BMI. Model 3 was adjusted for covariates in
model 2 plus diabetes, hypertension, dyslipidemia, smoking status, alcohol consumptions, snoring, leisure time
physical activity, and occupation activity

*P < 0.05 compared with the reference group, respectively
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the reference group. Additionally, those who with daytime
napping more than 1.5 h per day were associated with a higher
risk of RHF compared with those who reported no napping.
The OR (95% CI) was 1.507 (1.072, 2.120) after adjustment
of the above covariates (P = 0.019). However, for those with
poor-quality sleep, individuals who slept 9–10 h per day had a
lower risk of RHF comparedwith the reference. No significant
association was observed between daytime napping and the
risk of RHF.

Discussion

In this study, we indentified an association between sleep du-
ration, daytime napping, and the incidence of RHF in a large
apparently healthy middle-aged population. Participants with
short sleep duration (<6 h/day) or long sleep duration (≥10 h/
day) are at a significantly increased risk of RHF, even after
accounting for a variety of confounding or explanatory vari-
ables. In addition, our results showed a higher risk of RHF
among those who took naps longer than 1.5 h per day com-
pared with those without napping. Further joint analysis indi-
cated that participants with long sleep duration (≥10 h/day)
had a more than twofold increased risk of RHF regardless of
nap status compared with those who slept 8–9 h per day with-
out daytime napping. Importantly, the association between
sleep duration or daytime napping and RHF could not be
explained by the influence of sleep quality. Additional sub-
group analysis showed that long sleep duration (≥9 h/day) and
long daytime napping (≥1.5 h) were associated with an in-
creased risk of RHF among individuals with good sleep

quality. On the other hand, medication that passes through
the blood–brain barrier has been reported to have potential
effect on sleep pattern, and antihypertensive therapy may con-
tribute to relieve sleep problems. In this study, the association
between RHF and sleep duration or napping was independent
of medications taken by the participants.

Although it has been documented that excessive daytime
sleepiness and sleep disorders are common in patients with
end-stage renal disease and may contribute to the augmented
cardiovascular event in dialysis patients [27, 28], as well as
transplant recipients [29], whether they also play a role in the
development and progression of earlier stages of CKD re-
mains unknown. Recently, Yamamoto et al. performed a ret-
rospective cohort study among employees of the Osaka
University in Japan to identify that short sleep duration, espe-
cially five or fewer hours, was a significant predictor of pro-
teinuria, even adjusting for multiple clinically relevant meta-
bolic and lifestyle factors [15]. However, due to the large
number of participants in this cohort who have shorter sleep
duration, it is unclear whether longer sleep duration may be
associated with the development of CKD. Although a cross-
sectional study using survey data from the National Health
Interview Survey (NHIS) showed that an increased incidence
of self-reporting kidney disease was observed in those with
short and long sleep duration, the self-reported CKD in this
study could lead to misclassification of the disease status [30].
On the other hand, although the association between CKD and
RHF remains obscure, the clinical consequence of RHF has
been ascertained in a recent study by Park et al. which sug-
gested that RHF may be associated with increased all-cause
mortality in an apparently healthy population [19]. RHF has
been shown to be associated with rapid decline in eGFR in
diabetic or nondiabetic CKD [31–33] and may predict
microalbuminuria in metabolic risk factors associated CKD
[34]. Therefore, as an early stage of CKD, RHF may share
common pathophysiology with CKD in the association with
cardiovascular disease and mortality. To date, no study has yet
reported the association between sleep duration, daytime nap-
ping, and RHF. To address this issue, we conducted a cross-
sectional study in a large middle-aged Chinese population. As
habitual napping is often considered as a Bhealthy^ lifestyle in
China, daytime napping is prevalent (42.5%) in this popula-
tion The mean sleep duration and daytime napping were
8.4 ± 1.3 and 0.5 ± 0.6 h, respectively, which rendered a
statistically meaningful analysis to assess an association be-
tween aberrant sleep duration, napping, and RHF.

Our study showed that sleep duration <6 or ≥10 h per day
was associated with an increased risk of RHF, which is con-
sistent with the results of previous prospective studies
reporting a U-shaped-like association between sleep duration
and the development of diabetes, hypertension, metabolic syn-
drome, and cardiovascular diseases [2, 4, 6, 35]. Therefore,
the association between aberrant sleep duration or daytime

Table 4 Multivariate adjusted ORs (95% CI) of renal hyperfiltration
across sleep duration and nap categories by sleep quality

Poor sleep Good sleep

Sleep duration, h

<6 h 1.339 (0.495, 3.628) 2.034 (0.803, 5.150)

6–7 h 0.539 (0.151, 1.922) 1.254 (0.672, 2.338)

7–8 h 1.231 (0.518, 2.928) 1.319 (0.907, 1.919)

8–9 h 1 (Ref) 1 (Ref)

9–10 h 0.197 (0.044, 0.881)* 1.462 (1.043, 2.049)*

≥10 h 1.231 (0.518, 2.928) 2.241 (1.585, 3.170)*

Daytime napping, h

0 h 1 (Ref) 1 (Ref)

0–1 h 0.797 (0.336, 1.890) 1.108 (0.748, 1.641)

1–1.5 h 0.810 (0.371, 1.769) 1.029 (0.749, 1.414)

>1.5 h 0.787 (0.315, 1.964) 1.507 (1.072, 2.120)*

Both models were adjusted for age, sex, BMI, diabetes, hypertension,
dyslipidemia, snoring, smoking status, alcohol consumptions, leisure
time physical activity, and occupation activity

*P < 0.05 compared with the reference group accordingly
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napping and RHF may in part confounded by the indirect
effect of sleep disorders on metabolic syndrome-associated
disorders, such as diabetes, obesity, and hypertension.
Although impaired fasting glucose is an established risk factor
for RHF [26], in this study, fasting glucose levels were not
associated with any change in the odds of RHF. Likewise,
there was no association between systolic blood pressure
and hyperfiltration. Thus, it is unlikely that hyperglycemia
or hypertension mainly contribute to RHF in this study.

Loss of muscle mass and obesity-related disorders
might also contribute to the association between sleep
disturbance and RHF. BMI was independently associated
with RHF. In addition, muscle mass was positively corre-
lated with RHF independent of BMI. In this study, adjust-
ment for BMI or BMI categories modestly attenuated but
did not eliminate the relationship between aberrant sleep
duration or daytime napping and RHF. On the other hand,
in a prospective study on nonhypertensive nondiabetic
OSA patients, Chou et al. reported that severe OSA may
positively correlate with RHF and the progression of
CKD [13]. In particular, daytime napping is correlated
with OSA that, in turn, increases the risk of diabetes
[36, 37]. Thus, we then investigated the prevalence of
snoring in this population. There was no significant inter-
action between snoring and RHF after adjustment of all
the confounders, and the association between daytime
napping and hyperfiltration remained significant among
those without snoring (Table S1). The positive correlation
between RHF and daytime napping could not be fully
explained by snoring. Furthermore, poor sleep quality
such as depression and insomnia may also be correlated
with daytime napping or sleep duration and the risk of
diabetes and cardiovascular disease [38, 39]. The partici-
pants were further divided according to self-reported sleep
quality, and the association between long sleep duration
with RHF remained significant in the subjects with good
sleep quality. The relationship between short sleep dura-
tion and RHF was not significant probably due to the
insufficient size of study subjects. In addition, because
of the potential compensating effects on sleep deprivation,
we included daytime napping in the calculation of whole
day sleep duration. Hence, poor sleep quality could not be
the main driver of the increased RHF in the present study.

The direct mechanism behind hyperfiltration in aber-
rant sleep duration or long daytime napping remains un-
clear. A potential explanation that connects aberrant sleep
duration and excessive daytime napping with RHF could
be systemic inflammation and oxidative stress, which is
evident in a recent study reporting that several factors
related to inflammation, oxidative stress, and antioxidant
status such as GGT, carotenoids, uric acid, and vitamin D
may contribute to the relationship between sleep duration
and cardiometabolic health [40]. In addition, sleep

deprivation may induce an increase in peripheral white
blood cell count and serum IL-6, CRP levels [41–43].
Furthermore, sleep disturbance may also induce activation
of RAAS system, systemic endothelial dysfunction, and
auotonomic nervous system, which may subsequently in-
duce RHF [11]. Therefore, RHF may share the common
pathophysiologic mechanisms with metabolic syndrome-
associated disorders.

The major strengths of our study include its large sam-
ple of the general population from three areas of China,
detailed epidemiologic profiles, and thorough statistical
analyses. However, the current study also has several lim-
itations. First, the results might be biased because GFR
was estimated using serum creatinine-based (CKD-EPI)
equation rather than direct measurement. Therefore, in
the current study, RHF was defined after adjustment for
age, sex, BMI, and ACEI/ARB treatment. Nevertheless, it
does not completely avoid overestimating GFR, especially
in participants with muscle waste. Second, information on
sleep duration and daytime napping relies on self-reports,
which could lead to recall bias and misclassification. In
addition, self-report snoring and sleep quality tend to be
highly subjective. Thus, further studies with more precise
measures of OSA and sleep quality index such as Epworth
and Pittsburg Sleepiness Scale are needed to confirm that
the association stands independent of other sleep distur-
bances. Third, we could not evaluate the effect of some
underlying disease such as proteinuria in this general pop-
ulation. Fourth, although we have adjusted for several
confounders that could explain the relationship between
RHF and aberrant sleep duration or daytime napping, it is
possible that residual factors not captured in this study
had not been accounted in our analysis. Finally, the
cross-sectional design limits causal inference. Follow-up
studies are required to examine the long-term effect of
sleep disturbance on proteinuria and incidence of CKD
in this population.

In summary, our study is novel in demonstrating the asso-
ciations between sleep duration, daytime napping, and RHF in
middle-aged apparently healthy population, and this relation-
ship was independent of diabetes, hypertension, obesity, or
poor sleep quality. Whether aberrant sleep duration or exces-
sive daytime napping could be the common modifiable risks
shared by RHF or CKD with cardiometabolic diseases war-
rants further investigation.
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