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Abstract

Although sleep duration has been extensively studied in metabolic diseases, few studies

have investigated the impact of sleep duration on chronic kidney disease. The aim of this

study was to examine the relationship between sleep duration and albuminuria in the gen-

eral population. Among 24,948 adults who participated in the 2011–2014 KNHANES, a total

of 19,994 subjects were included in this analysis. Subjects were categorized into the follow-

ing five groups according to self-reported sleep duration: less than 5 h, 6 h, 7 h, 8 h, and

more than 9 h. The association between sleep duration and urinary albumin-creatinine ratio

(UACR) was examined cross-sectionally. Subjects with both short and long sleep durations

were significantly associated with higher UACR levels and higher proportions of patients

with microalbuminuria (30–299 mg/g) and macroalbuminuria (�300 mg/g) compared to

those with a sleep duration of 7 hours. The U-shaped association between sleep duration

and UACR remained significant even after adjustment for potential confounders, including

age, sex, body mass index, smoking, alcohol, education, income, exercise, estimated glo-

merular filtration rate, diabetes mellitus, hypertension and hypercholesterolemia. The U-

shaped association is more evident in the subgroup aged 65 or older, or in female subjects.

Our findings suggest that both short and long sleep durations have a U-shaped association

with UACR levels in the general population, independent of potential confounders.

Introduction

Chronic kidney disease (CKD) is a growing public health problem that afflicts an estimated

13% of individuals worldwide [1]. CKD is a major risk factor for end-stage renal disease, car-

diovascular disease, and premature death [2]. Therefore, CKD prevention and management

continue to be major public health challenges. The Kidney Disease Improving Global Out-

comes (KDIGO) guidelines define and stage CKD by glomerular filtration rate (GFR) and
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albuminuria, which are considered markers of kidney damage [3]. An elevated urinary albu-

min excretion is independently predictive for development of renal function impairment in

the general population [4].

Adequate sleep duration is crucial for regulation of body metabolism and quality of life.

Both short and long sleep durations are associated with adverse health outcomes, including

obesity [5], type 2 diabetes [6], hypertension [7] and cardiovascular disease [8]. Short and long

sleep durations were also associated with increased risk of atherosclerosis, as measured by the

intima-media thickness of the common carotid arteries [9]. Furthermore, short and long sleep

durations are associated with increased mortality [10].

Although sleep disruption has been studied extensively in cardiovascular and metabolic dis-

ease, epidemiological evidence of associations between sleep duration and chronic kidney dis-

ease (CKD) is insufficient. Previous studies have demonstrated an increased risk of CKD or

proteinuria in short sleepers [11,12]. A short sleep duration of 6 h or less was significantly

related to increased risk of reduced GFR in a Chinese population with hypertension [12]. A

recent meta-analysis also showed the potential association between short sleep duration and

proteinuria, with an overall 1.47-fold increased risk of proteinuria [11]. However, studies have

yet to identify whether these relationships exist in long sleepers. Moreover, there are few stud-

ies assessing the relationship between sleep duration and albuminuria, a more sensitive marker

of CKD than proteinuria. Although sleep duration was associated with albuminuria in a Japa-

nese study of patients with type 2 diabetes [13,14], few epidemiologic studies have examined

the association between sleep duration and albuminuria among the general population. There-

fore, the aim of this study was to investigate the association between sleep duration and urinary

albumin excretion in Korean adults based on data from the Korean National Health and

Nutrition Examination Survey (KNHANES).

Methods

Study subjects

This study was based on data from the 2011–2014 KNHANES, a cross-sectional nationally rep-

resentative survey conducted by the Korean Center for Disease Control and Prevention. The

KNHANES consists of a health interview survey, nutrition survey, and health examination sur-

vey [15]. The health interview survey is performed using self-administered structured ques-

tionnaires to obtain information on sociodemographic characteristics, health status, health

service use, and health behaviors. Trained interviewers visit each household and assist partici-

pants with specific items in the self-administered tool.

Of 32,144 people who participated in the 2011–2014 survey, 19,994 adults aged�19 years

were included in the analysis after excluding 7,196 subjects aged <19 years and 4,954 subjects

missing information about sleep duration or urinary albumin excretion levels. All participants

provided written informed consent, and the Institutional Review Board of the Korean Center

for Disease Control and Prevention approved the study protocol for the survey.

Measurements

Sleep duration. Participants filled in a self-reported questionnaire with the question:

"How many hours, on average, do you sleep a day?" Based on the answer, subjects were classi-

fied into five groups:�5, 6, 7, 8, and�9 hours. Those reporting 7 h per night served as a refer-

ence group.

Microalbuminuria. The serum and urinary creatinine concentrations of a random sam-

ple were measured using a colorimetric method (Hitachi Automatic Analyzer, Hitachi, Japan).

Urinary albumin was measured using a turbidimetric immunoassay (Hitachi Automatic
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Analyzer 7600, Hitachi, Japan). The UACR (mg/g) levels were calculated by dividing the uri-

nary albumin values by the urinary creatinine concentrations. Albuminuria was defined as

UACR�30 mg/g, and macroalbuminuria was defined as UACR�300 mg/g [16]. The esti-

mated glomerular filtration rate (eGFR) was determined using the Modification of Diet in

Renal Disease (MDRD) formula: eGFR (ml/min/1.73m2) = 175 x SCr (mg/dl)-1.154 x Age-0.203

x 0.742 (if female) [17]. Urine albumin and creatinine concentrations were measured in the

same laboratory during all surveys. The inter-assay coefficient of variation for all laboratory

work was constantly low (<3.1%). The results of detailed health interviews, physical examina-

tions, and other laboratory procedures have been published elsewhere.

Covariates. Covariates included in the analyses were age, sex, education, income, current

smoking, alcohol consumption, physical activity, body mass index (BMI), waist circumference,

serum lipid profiles, hypertension, diabetes, and hypercholesterolemia. Regular exercise was

defined as five or more exercise sessions per week (�30 min/session). Alcohol consumption

was assessed by questioning subjects about their drinking behavior, including the average

amount of drinking and drinking frequency during the month prior to the interview. The

average amount of daily alcohol intake was calculated and categorized into 3 groups: 0 g/day,

<30 g/day, and�30 g/day. Hypertension was defined as average blood pressure�140/90

mmHg or use of antihypertensive medication. Diabetes mellitus was defined as hemoglobin

A1c levels�6.5%, fasting plasma glucose (FPG) levels�7.0 mmol/L, current use of antidia-

betic medication, or previous diagnosis of diabetes by a physician [18]. Height and weight

were obtained using standardized techniques and equipment. Height was measured to the

nearest 0.1 cm using a portable stadiometer (Seriter, Bismarck, ND). Weight was measured to

the nearest 0.1 kg using a Giant-150N calibrated balance-beam scale (Hana, Seoul, Korea).

BMI was calculated by dividing the weight by the square of the height (kg/m2). Systolic and

diastolic blood pressure was measured by standard methods using a sphygmomanometer

while the patient was seated. Three measurements were recorded for all subjects at 5-min

intervals, and the average of the second and third measurements was used in the analysis.

Blood samples were taken after participants fasted for at least eight hours. The samples were

immediately centrifuged, refrigerated, and then transported in cold storage to the Central

Testing Institute in Seoul, Korea. Samples were analyzed within 24 hours. The serum levels of

total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglyceride were measured

using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). The low-density lipoprotein

(LDL) cholesterol level was calculated by the Friedewald formula for subjects with serum tri-

glyceride levels <400 mg/dL, and it was measured directly by commercially available kits

(Cholestest1 LDL; Sekisui Medical, Tokyo, Japan) when triglyceride levels were�400 mg/dL.

According to the Adult Treatment Panel III guidelines of the National Cholesterol Education

Program [19], hypercholesterolemia was defined as total cholesterol level�240 mg/dL or cur-

rent use of lipid-lowering drugs.

Statistical analysis

The KNHANES participants were not equally representative of the Korean population. Thus,

the SAS survey procedure was applied to reflect the complex sampling design and the sampling

weights of KNHANES and to provide nationally representative prevalence estimates. After

participants were divided into five groups based on sleep duration, analysis of variance and

Chi-squared tests with Bonferroni post hoc test were performed to determine differences in

variables. Multivariate-adjusted UACR levels according to sleep duration were compared

using analysis of covariance. Multiple logistic regression analyses were performed to determine

the associations between sleep duration and albuminuria after controlling for other covariates
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(age, sex, BMI, smoking, alcohol, education, income, exercise, eGFR, DM, HTN and hyper-

cholesterolemia). The adjusted odds ratios (ORs) and corresponding 95% confidence intervals

(CIs) were obtained to relate each category of sleep duration to albuminuria. The UACR values

were log-transformed for statistical analyses. The proportions of patients with microalbumi-

nuria or macroalbuminuria were compared using a Chi-squared test. A P-value of<0.05 was

considered statistically significant. All statistical analyses were performed using the SAS soft-

ware package version 9.3 (SAS Institute Inc., Cary, NC).

Results

Table 1 shows the characteristics of study subjects stratified by sleep duration. Of 19,994 sub-

jects, 3,264 (16.3%) had a sleep duration less than 5 hours, and 1,398 (7.0%) had a sleep dura-

tion more than 9 hours. The proportion of female subjects increased in both short (�5 h) and

long (�9 h) sleepers. eGFR levels were higher, and BMI and waist circumferences were lower

in subjects who slept longer in association with their younger age, despite the lower rate of reg-

ular exercise. The proportion of subjects with lower income or less education was high in both

short and long sleepers. Fasting plasma glucose levels and the rate of patients with diabetes

mellitus or hypercholesterolemia increased in both short and long sleepers. Blood pressure

and proportion of hypertension were highest in the short sleepers.

Table 1. Clinical characteristics of study subjects according to sleep duration.

Sleep duration (h)

�5 6 7 8 �9 P
n 3264 5450 5555 4327 1398

Age (years) 52.5 ± 0.4 45.7 ± 0.3 44.9 ± 0.3 43.9 ± 0.3 44.5 ± 0.7 <0.001

Sex, male (%) 42.7 (1.0) 55.1 (0.7) 54.3 (0.7) 52.8 (0.9) 43.4 (1.8) <0.001

Current smoker (%) 20.8 (0.9) 23.9 (0.8) 22.5 (0.7) 22.9 (0.8) 24.2 (1.6) 0.144

Alcohol intake (�30 g/day) 10.1 (0.7) 10.6 (0.6) 8.8 (0.5) 9.9 (0.6) 9.5 (1.2) 0.193

Education (�high school) 54.4 (1.2) 75.3 (0.8) 77.4 (0.8) 75.9 (0.8) 66.7 (1.5) <0.001

Income (the lowest quartile) 24.7 (1) 12.5 (0.6) 11.5 (0.6) 13.5 (0.7) 22.9 (1.5) <0.001

Regular exercise (%) 38.8 (1.1) 41.1 (0.8) 39 (0.8) 37.8 (1.0) 32.1 (1.6) <0.001

DM (%) 13.8 (0.7) 10.1 (0.5) 9.7 (0.5) 10.0 (0.5) 14.5 (1.1) <0.001

HTN (%) 33.7 (1.1) 25.1 (0.7) 24.4 (0.7) 23.4 (0.8) 25.3 (1.4) <0.001

Hypercholesterolemia (%) 16.1 (0.8) 12.9 (0.5) 13.4 (0.5) 12.0 (0.6) 13.5 (1.1) <0.001

BMI (kg/m2) 24.0 ± 0.1 23.9 ± 0.1 23.7 ± 0.1 23.6 ± 0.1 23.4 ± 0.1 <0.001

Waist circumference (cm) 82.0 ± 0.2 81.4 ± 0.2 80.9 ± 0.2 80.8 ± 0.2 80.4 ± 0.4 <0.001

SBP (mmHg) 120.2 ± 0.4 117.1 ± 0.3 116.7 ± 0.3 116.5 ± 0.3 116.2 ± 0.6 <0.001

DBP (mmHg) 75.8 ± 0.2 76.1 ± 0.2 75.9 ± 0.2 75.5 ± 0.2 73.8 ± 0.4 <0.001

FPG (mmol/L) 5.50 ± 0.03 5.42 ± 0.02 5.38 ± 0.02 5.40 ± 0.02 5.48 ± 0.04 <0.001

Triglyceride (mmol/L)� 1.30 (1.26–1.33) 1.25 (1.23–1.28) 1.24 (1.22–1.27) 1.26 (1.23–1.29) 1.25 (1.19–1.31) 0.180

Total cholesterol (mmol/L) 4.92 ± 0.02 4.89 ± 0.02 4.89 ± 0.02 4.86 ± 0.02 4.83 ± 0.04 0.096

HDL-cholesterol (mmol/L) 1.36 ± 0.01 1.35 ± 0.01 1.36 ± 0.01 1.35 ± 0.01 1.34 ± 0.01 0.845

LDL-cholesterol (mmol/L) 2.88 ± 0.02 2.87 ± 0.01 2.86 ± 0.01 2.83 ± 0.02 2.80 ± 0.03 0.055

GFR (ml/min/1.73m2) 92.8 ± 0.4 94.5 ± 0.3 94.9 ± 0.3 96.4 ± 0.4 98.2 ± 0.7 <0.001

UACR� (mg/g) 6.8 (6.4–7.1) 5.4 (5.2–5.6) 5.2 (5.0–5.4) 5.4 (5.2–5.7) 6.4 (5.9–6.9) <0.001

Data are presented as % (SE), mean ± SE, or �geometric mean (95% confidence interval (CI)).

�Statistical significance was estimated after logarithmic transformation.

BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; FPG, fasting plasma glucose; GFR, glomerular filtration rate; HDL, high-density

lipoprotein; HTN, hypertension; LDL, low-density lipoprotein; SBP, systolic blood pressure; UACR, urinary albumin-creatinine ratio.

https://doi.org/10.1371/journal.pone.0192980.t001
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Table 2 shows adjusted UACR levels according to sleep duration. Both subjects with short

and long sleep durations had higher UACR levels compared with those who slept 7 h (P<
0.001), indicating the presence of association in a U-shaped fashion. These relationships

were unchanged even after adjustment for age, sex, BMI, smoking, alcohol, regular exercise,

education, income, eGFR, DM, HTN and hypercholesterolemia (P<0.001). Conversely, the

association of eGFR with sleep duration was significant only in women after adjusting for con-

founding variables (P = 0.024, S1 Table).

Fig 1 shows the proportion of subjects with microalbuminuria and macroalbuminuria

according to sleep duration. There was also a U-shaped association between sleep duration

and the proportion of subjects with albuminuria (P<0.001). The proportion of patients with

microalbuminuria was 8.9%, 5.7%, 5.4%, 5.3%, and 7.4% among groups with sleep duration of

less than 5 h, 6 h, 7 h, 8 h, and more than 9 h, respectively (P<0.001, Fig 1A). The proportion

of subjects with macroalbuminuria was 0.9%, 0.7% 0.8% 0.9% and 1.8%, respectively

(P = 0.027, Fig 1B).

Subgroup analyses are shown in Table 3. A significant interaction was observed for gender

(interaction P = 0.01) and a tendency for age (interaction P = 0.10). In all participants, the OR

Table 2. Adjusted urinary albumin-creatinine ratio (UACR) levels according to sleep duration.

Sleep duration (h)

�5 6 7 8 �9 P
Model 1 6.52 (6.21–6.85) 5.92 (5.69–6.16) 5.77 (5.56–5.98) 6.09 (5.85–6.35) 6.91 (6.40–7.47) <0.001

Model 2 6.47 (6.16–6.80) 5.89 (5.67–6.12) 5.77 (5.56–5.98) 6.11 (5.87–6.36) 6.94 (6.42–7.50) <0.001

Model 3 6.35 (6.04–6.66) 5.92 (5.70–6.14) 5.79 (5.59–6.00) 6.10 (5.86–6.35) 6.80 (6.29–7.35) <0.001

Model 4 6.40 (6.10–6.71) 5.96 (5.75–6.18) 5.80 (5.60–6.01) 6.06 (5.83–6.31) 6.53 (6.06–7.04) <0.001

Data are presented as geometric mean (95% CI).Model 1: Adjusted for age and sex.

Model 2: Adjusted for age, sex and BMI.

Model 3: Adjusted for age, sex, BMI, smoking, alcohol, education, income and exercise.

Model 4: Adjusted for age, sex, BMI, smoking, alcohol, education, income, exercise, eGFR, DM, HTN and hypercholesterolemia.

https://doi.org/10.1371/journal.pone.0192980.t002

Fig 1. Proportion of patients with microalbuminuria (A) or macroalbuminuria (B) according to sleep duration. Microalbuminuria was defined as

30mg/g� urinary albumin-creatinine ratio (UACR)<300 mg/g, and macroalbuminuria was defined as UACR�300 mg/g. �P<0.005 vs. sleep duration of 7

hours per day.

https://doi.org/10.1371/journal.pone.0192980.g001
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for albuminuria in subjects with sleep duration more than 9 h was 1.36 (95% CI 1.03–1.80)

compared with those who slept 7 h. Especially in subjects aged 65 or older, the U-shaped asso-

ciation between sleep duration and albuminuria was obvious. In female subjects, the ORs for

albuminuria were 1.47 (1.03–2.10) and 1.32 (1.01–1.73) for subjects with sleep duration more

than 9 h and with sleep duration 6 h, respectively, compared to those who slept 7 h. In patients

with diabetes mellitus, subjects who slept more than 9 h had increased risk of albuminuria

(OR = 1.41; 95% CI = 1.03 to 1.94).

Discussion

The present study demonstrated that both short and long sleep durations are significantly

associated with higher UACR levels and higher rates of albuminuria compared to intermediate

sleep duration in the general Korean population even after adjusting for several confounding

factors. Moreover, this finding was more noticeable in elderly people over the age of 65,

females, and subjects with diabetes.

Extremes in sleep duration have been consistently associated with chronic medical condi-

tions [5–8]. Recent studies have shown that sleep duration is associated with kidney function.

A previous study reported that short sleep duration and daytime sleepiness was associated

with increased 24-h urinary albumin excretion levels in patients with type 2 diabetes [14]. In a

Japanese study [13], sleep duration has a U-shaped association with the urinary albumin excre-

tion levels in patients with type 2 diabetes, suggesting that not only short sleep but also long

sleep is associated with albuminuria. Two longitudinal studies also found similar results in

healthy subjects without diabetes. Yamamoto et al. reported short sleep (<5 h) was related to a

28% increase in the incidence of proteinuria over a median 2.5 years among young to middle-

aged Japanese adults with no indicators of kidney dysfunction at baseline [20]. The other lon-

gitudinal study has shown that each 1-hour decrease in sleep duration was associated with a

1.5 mL/min per 1.73 m2 increase in eGFR over 10 years among US adults [21]. However, few

studies have investigated the relationship between sleep duration and kidney function among

large-scaled, community-based adults. Our study demonstrated the U-shaped association of

sleep duration with albuminuria in general population.

Emerging evidence suggests that sleep deprivation could interfere with normal renal

physiology. Reduced sleep duration may lead to sympathetic nervous system stimulation and

elevation of evening cortisol levels [22,23]. Other contributing mechanisms may include

Table 3. Odds ratios (95% Cis) for albuminuria according to sleep duration.

Sleep duration (h)

Subgroup �5 6 7 8 �9

Total 1.18 (0.96–1.45) 1.04 (0.85–1.27) 1 1.07 (0.87–1.31) 1.36 (1.03–1.80)

Age

< 65 years 1.15 (0.87–1.52) 0.99 (0.77–1.27) 1 0.96 (0.75–1.24) 1.08 (0.74–1.60)

�65 years 1.40 (1.03–1.89) 1.26 (0.93–1.71) 1 1.35 (0.96–1.89) 1.85 (1.23–2.77)

Sex

Male 1.36 (0.98–1.88) 0.82 (0.61–1.12) 1 0.96 (0.71–1.32) 1.21 (0.81–1.81)

Female 1.20 (0.91–1.57) 1.32 (1.01–1.73) 1 1.17 (0.89–1.54) 1.47 (1.03–2.10)

DM

Yes 1.21 (0.94–1.55) 0.98 (0.77–1.25) 1 1.08 (0.84–1.39) 1.41 (1.03–1.94)

Non 1.20 (0.84–1.73) 1.20 (0.85–1.70) 1 1.05 (0.73–1.52) 1.26 (0.78–2.03)

Data are presented as OR (95% CI). Albuminuria was defined as urinary albumin-creatinine ratio (UACR)�30 mg/g.

https://doi.org/10.1371/journal.pone.0192980.t003
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overactivity of the renin-angiotensin-aldosterone system, endothelial dysfunction, and sys-

temic inflammation [24]. Sleep deprivation may also activate endothelin, a powerful vasocon-

strictor involved in the pathogenesis of hypertension [25]. Taken together, these findings

indicate that short sleep duration may contribute to elevated CKD risk.

Few studies published to date have demonstrated a possible mechanism mediating the effect

of long sleep duration as a cause of poor health outcomes. Low socio-economic status and low

levels of physical activity are associated with long duration of sleep [26,27]. In our study, long

sleepers also showed lower levels of education, income, and physical activity (Table 1). Con-

versely, the association of long sleep duration with CKD could be explained by residual con-

founding and comorbidities [28]. Potential confounders may predispose individuals to both

long sleep duration and poor kidney function. Sleep fragmentation and alteration of the immune

system were other possible explanations for an association between long sleep duration and

poor health outcomes. Several studies have demonstrated that long sleep duration and time in

bed are associated with increased sleep fragmentation, daytime sleepiness, and decreased sleep

quality [29,30]. Long sleepers were also associated with restless leg syndrome or snoring [28].

Restless leg syndrome may increase the risk of CVD, diabetes, and several metabolic disorders

via chronic activation of the sympathetic nervous system [31]. Frequent snoring was associated

with adiposity, inflammatory markers, and elevated risk of metabolic syndrome [32]. A recent

meta-analysis of 72 studies demonstrated that long sleep duration (>8 h) was associated with

higher levels of CRP and IL-6, markers of systemic inflammation [33]. Further research is

expected to explore the underlying mechanisms linking long sleep duration and CKD.

In our analysis, sex was a significant factor affecting the relationship between sleep duration

and albuminuria (interaction P = 0.01, S2 and S3 Tables). There was no significant association

between sleep duration and albuminuria among men. It has been reported that the risk associ-

ated with changes in sleep duration varies by sex [34,35]. In a recent Korean study [36], long

sleep duration (�9 h/day) was associated with a higher prevalence of CKD only in women.

These previous publications may support the notion that sleep deprivation has a worse impact

on metabolism in women than in men. However, it cannot be determined in the present study

if this is a coincidental finding. A prominent U-shaped association was identified between

sleep duration and albuminuria, especially in elderly patients. As CKD is a major risk factor

for mortality in the elderly [37], subjects with extremely short or long sleep duration should

correct their poor sleep hygiene for better health outcomes. In subjects with diabetes, only

long sleepers had significantly increased urinary albumin excretion compared to intermediate

sleepers. Although the mechanisms that underlie these differences are still unclear, they pro-

vide valuable information on a vulnerable group with abnormal sleep duration.

The major strength of our study was the large nationally representative sample of adult

Koreans. Nevertheless, our study had several limitations. First, sleep duration was determined

according to a self-reported questionnaire, allowing potential misclassification. In this obser-

vational study, many of the baseline covariates used in the analyses were based on self-reported

information. Second, a single urine spot sample was used to assess UACR. Third, the causal

relationship between sleep duration and albuminuria cannot be confirmed due to the cross-

sectional design of the study. Fourth, information about sleep quality was not reflected in this

study. Fifth, we could not take into account the use of steroid, angiotensin receptor blocker or

angiotensin converting enzyme inhibitors, which may affect the level of albuminuria. Sixth, we

didn’t exclude cancer patients from this study. However, there was no difference in the signifi-

cance of the results even when we analyzed after excluding cancer patients. Finally, we have

not obtained information regarding renal diseases due to nondiabetic causes such as chronic

glomerulonephritis. The lack of these informations may have made our findings more inaccu-

rate in some extent.
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In conclusion, our findings suggest that both short and long sleep duration has a U-shaped

association with UACR levels in the general population, especially in elderly people. Individu-

als with either short or long sleep durations may have higher risk of CKD and CVD than those

with adequate sleep duration because CKD is a major risk factor for end-stage renal disease

and CVD. Because sleep duration is a modifiable risk factor, clinicians should consider these

findings in the prevention and management of CKD.

Supporting information

S1 Table. The adjusted eGFR levels according to sleep duration.

(DOC)

S2 Table. Association between urinary albumin-creatinine ratio (UACR) levels and sleep

duration according to age and gender.

(DOC)

S3 Table. Proportion of patients with micoalbuminuria and macroalbuminuria according

to sleep duration.

(DOC)

Acknowledgments

This research was supported by the National Research Foundation of Korea (NRF) grant

funded by the Korean government (MSIP), (No. 2015R1A2A2A01003167,

2015R1C1A2A01052010); and the Korea University Grant (K1421551).

Author Contributions

Conceptualization: Nan Hee Kim.

Formal analysis: Kyungdo Han.

Funding acquisition: Nan Hee Kim.

Investigation: Ji Hee Yu.

Supervision: Sin Gon Kim, Kyung Mook Choi, Sei Hyun Baik.

Writing – original draft: Ji Hee Yu.

Writing – review & editing: Ji Hee Yu, Nam Hoon Kim, Hye Jin Yoo, Ji A. Seo, Sin Gon Kim,

Kyung Mook Choi, Nan Hee Kim.

References
1. Zhang QL, Rothenbacher D. Prevalence of chronic kidney disease in population-based studies: system-

atic review. BMC Public Health. 2008; 8: 117. https://doi.org/10.1186/1471-2458-8-117 PMID:

18405348

2. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death,

cardiovascular events, and hospitalization. N Engl J Med. 2004; 351(13): 1296–1305. https://doi.org/

10.1056/NEJMoa041031 PMID: 15385656

3. Levey AS, Becker C, Inker LA. Glomerular filtration rate and albuminuria for detection and staging of

acute and chronic kidney disease in adults: A systematic review. JAMA. 2015; 313(8): 837–846.

https://doi.org/10.1001/jama.2015.0602 PMID: 25710660

4. Verhave JC, Gansevoort RT, Hillege HL, Bakker SJ, De Zeeuw D, de Jong PE, et al. An elevated uri-

nary albumin excretion predicts de novo development of renal function impairment in the general popu-

lation. Kidney Int Suppl. 2004(92): S18–21. https://doi.org/10.1111/j.1523-1755.2004.09205.x PMID:

15485409

Sleep duration and albuminuria

PLOS ONE | https://doi.org/10.1371/journal.pone.0192980 February 22, 2018 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192980.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192980.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192980.s003
https://doi.org/10.1186/1471-2458-8-117
http://www.ncbi.nlm.nih.gov/pubmed/18405348
https://doi.org/10.1056/NEJMoa041031
https://doi.org/10.1056/NEJMoa041031
http://www.ncbi.nlm.nih.gov/pubmed/15385656
https://doi.org/10.1001/jama.2015.0602
http://www.ncbi.nlm.nih.gov/pubmed/25710660
https://doi.org/10.1111/j.1523-1755.2004.09205.x
http://www.ncbi.nlm.nih.gov/pubmed/15485409
https://doi.org/10.1371/journal.pone.0192980


5. Cappuccio FP, Taggart FM, Kandala NB, Currie A, Peile E, Stranges S, et al. Meta-analysis of short

sleep duration and obesity in children and adults. Sleep. 2008; 31(5): 619–626. PMID: 18517032

6. Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Quantity and quality of sleep and incidence of type 2

diabetes: a systematic review and meta-analysis. Diabetes Care. 2010; 33(2): 414–420. https://doi.org/

10.2337/dc09-1124 PMID: 19910503

7. Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering TG, et al. Short sleep

duration as a risk factor for hypertension: analyses of the first National Health and Nutrition Examination

Survey. Hypertension. 2006; 47(5): 833–839. https://doi.org/10.1161/01.HYP.0000217362.34748.e0

PMID: 16585410

8. Cappuccio FP, Cooper D, D’Elia L, Strazzullo P, Miller MA. Sleep duration predicts cardiovascular out-

comes: a systematic review and meta-analysis of prospective studies. Eur Heart J. 2011; 32(12):

1484–1492. https://doi.org/10.1093/eurheartj/ehr007 PMID: 21300732

9. Wolff B, Volzke H, Schwahn C, Robinson D, Kessler C, John U. Relation of self-reported sleep duration

with carotid intima-media thickness in a general population sample. Atherosclerosis. 2008; 196(2):

727–732. https://doi.org/10.1016/j.atherosclerosis.2006.12.023 PMID: 17289054

10. Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality: a systematic

review and meta-analysis of prospective studies. Sleep. 2010; 33(5): 585–592. PMID: 20469800

11. Cheungpasitporn W, Thongprayoon C, Gonzalez-Suarez ML, Srivali N, Ungprasert P, Kittanamongkol-

chai W, et al. The effects of short sleep duration on proteinuria and chronic kidney disease: a systematic

review and meta-analysis. Nephrol Dial Transplant. 2017; 32(6): 991–996. https://doi.org/10.1093/ndt/

gfw072PMID: 27190375

12. Guo X, Yu S, Li Z, Guo L, Zheng L, Yang H, et al. Self-reported sleep duration is associated with

reduced glomerular filtration rate among adults with hypertension: a population-based study from rural

northeast China. J Sleep Res. 2015; 24(3): 351–358. https://doi.org/10.1111/jsr.12274 PMID:

25626914

13. Ohkuma T, Fujii H, Iwase M, Ogata-Kaizu S, Ide H, Kikuchi Y, et al. Association between sleep duration

and urinary albumin excretion in patients with type 2 diabetes: the Fukuoka diabetes registry. PLoS

One. 2013; 8(11): e78968. https://doi.org/10.1371/journal.pone.0078968 PMID: 24265736

14. Afsar B. The relationship between self-reported nocturnal sleep duration, daytime sleepiness and 24-h

urinary albumin and protein excretion in patients with newly diagnosed type 2 diabetes. Prim Care Dia-

betes. 2013; 7(1): 39–44. https://doi.org/10.1016/j.pcd.2013.01.002 PMID: 23357740

15. Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile: the Korea National Health

and Nutrition Examination Survey (KNHANES). Int J Epidemiol. 2014; 43(1): 69–77. https://doi.org/10.

1093/ije/dyt228 PMID: 24585853

16. Keane WF, Eknoyan G. Proteinuria, albuminuria, risk, assessment, detection, elimination (PARADE): a

position paper of the National Kidney Foundation. Am J Kidney Dis. 1999; 33(5): 1004–1010. PMID:

10213663

17. Lamb EJ, Tomson CR, Roderick PJ. Estimating kidney function in adults using formulae. Ann Clin Bio-

chem. 2005; 42(Pt 5): 321–345. https://doi.org/10.1258/0004563054889936 PMID: 16168188

18. Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Kahn R, et al. Follow-up report on the diagnosis

of diabetes mellitus. Diabetes Care. 2003; 26(11): 3160–3167. PMID: 14578255

19. National Cholesterol Education Program (NCEP) Expert Panel on Detection E, and Treatment of High

Blood Cholesterol in Adults (Adult Treatment Panel III),. Third Report of the National Cholesterol Educa-

tion Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol

in Adults (Adult Treatment Panel III) final report. Circulation. 2002; 106(25): 3143–3421. PMID:

12485966

20. Yamamoto R, Nagasawa Y, Iwatani H, Shinzawa M, Obi Y, Teranishi J, et al. Self-reported sleep dura-

tion and prediction of proteinuria: a retrospective cohort study. Am J Kidney Dis. 2012; 59(3): 343–355.

https://doi.org/10.1053/j.ajkd.2011.08.032 PMID: 22019276

21. Petrov ME, Kim Y, Lauderdale DS, Lewis CE, Reis JP, Carnethon MR, et al. Objective sleep, a novel

risk factor for alterations in kidney function: the CARDIA study. Sleep Med. 2014; 15(9): 1140–1146.

https://doi.org/10.1016/j.sleep.2014.05.021 PMID: 25037841

22. Basta M, Chrousos GP, Vela-Bueno A, Vgontzas AN. CHRONIC INSOMNIA AND STRESS SYSTEM.

Sleep Med Clin. 2007; 2(2): 279–291. https://doi.org/10.1016/j.jsmc.2007.04.002 PMID: 18071579

23. Leproult R, Copinschi G, Buxton O, Van Cauter E. Sleep loss results in an elevation of cortisol levels the

next evening. Sleep. 1997; 20(10): 865–870. PMID: 9415946

24. Turek NF, Ricardo AC, Lash JP. Sleep disturbances as nontraditional risk factors for development and

progression of CKD: review of the evidence. Am J Kidney Dis. 2012; 60(5): 823–833. https://doi.org/10.

1053/j.ajkd.2012.04.027 PMID: 22727724

Sleep duration and albuminuria

PLOS ONE | https://doi.org/10.1371/journal.pone.0192980 February 22, 2018 9 / 10

http://www.ncbi.nlm.nih.gov/pubmed/18517032
https://doi.org/10.2337/dc09-1124
https://doi.org/10.2337/dc09-1124
http://www.ncbi.nlm.nih.gov/pubmed/19910503
https://doi.org/10.1161/01.HYP.0000217362.34748.e0
http://www.ncbi.nlm.nih.gov/pubmed/16585410
https://doi.org/10.1093/eurheartj/ehr007
http://www.ncbi.nlm.nih.gov/pubmed/21300732
https://doi.org/10.1016/j.atherosclerosis.2006.12.023
http://www.ncbi.nlm.nih.gov/pubmed/17289054
http://www.ncbi.nlm.nih.gov/pubmed/20469800
https://doi.org/10.1093/ndt/gfw072
https://doi.org/10.1093/ndt/gfw072
http://www.ncbi.nlm.nih.gov/pubmed/27190375
https://doi.org/10.1111/jsr.12274
http://www.ncbi.nlm.nih.gov/pubmed/25626914
https://doi.org/10.1371/journal.pone.0078968
http://www.ncbi.nlm.nih.gov/pubmed/24265736
https://doi.org/10.1016/j.pcd.2013.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23357740
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.1093/ije/dyt228
http://www.ncbi.nlm.nih.gov/pubmed/24585853
http://www.ncbi.nlm.nih.gov/pubmed/10213663
https://doi.org/10.1258/0004563054889936
http://www.ncbi.nlm.nih.gov/pubmed/16168188
http://www.ncbi.nlm.nih.gov/pubmed/14578255
http://www.ncbi.nlm.nih.gov/pubmed/12485966
https://doi.org/10.1053/j.ajkd.2011.08.032
http://www.ncbi.nlm.nih.gov/pubmed/22019276
https://doi.org/10.1016/j.sleep.2014.05.021
http://www.ncbi.nlm.nih.gov/pubmed/25037841
https://doi.org/10.1016/j.jsmc.2007.04.002
http://www.ncbi.nlm.nih.gov/pubmed/18071579
http://www.ncbi.nlm.nih.gov/pubmed/9415946
https://doi.org/10.1053/j.ajkd.2012.04.027
https://doi.org/10.1053/j.ajkd.2012.04.027
http://www.ncbi.nlm.nih.gov/pubmed/22727724
https://doi.org/10.1371/journal.pone.0192980


25. Weil BR, Mestek ML, Westby CM, Van Guilder GP, Greiner JJ, Stauffer BL, et al. Short sleep duration

is associated with enhanced endothelin-1 vasoconstrictor tone. Can J Physiol Pharmacol. 2010; 88(8):

777–781. https://doi.org/10.1139/y10-046 PMID: 20725134

26. Stranges S, Dorn JM, Shipley MJ, Kandala NB, Trevisan M, Miller MA, et al. Correlates of short and

long sleep duration: a cross-cultural comparison between the United Kingdom and the United States:

the Whitehall II Study and the Western New York Health Study. Am J Epidemiol. 2008; 168(12): 1353–

1364. https://doi.org/10.1093/aje/kwn337 PMID: 18945686

27. Krueger PM, Friedman EM. Sleep duration in the United States: a cross-sectional population-based

study. Am J Epidemiol. 2009; 169(9): 1052–1063. https://doi.org/10.1093/aje/kwp023 PMID: 19299406

28. Patel SR, Malhotra A, Gottlieb DJ, White DP, Hu FB. Correlates of long sleep duration. Sleep. 2006; 29

(7): 881–889. PMID: 16895254

29. Youngstedt SD, Kripke DF. Long sleep and mortality: rationale for sleep restriction. Sleep Med Rev.

2004; 8(3): 159–174. https://doi.org/10.1016/j.smrv.2003.10.002 PMID: 15144959

30. Pilcher JJ, Ginter DR, Sadowsky B. Sleep quality versus sleep quantity: relationships between sleep

and measures of health, well-being and sleepiness in college students. J Psychosom Res. 1997; 42(6):

583–596. PMID: 9226606

31. Innes KE, Selfe TK, Agarwal P. Restless legs syndrome and conditions associated with metabolic dys-

regulation, sympathoadrenal dysfunction, and cardiovascular disease risk: a systematic review. Sleep

Med Rev. 2012; 16(4): 309–339. https://doi.org/10.1016/j.smrv.2011.04.001 PMID: 21733722

32. Sun L, Pan A, Yu Z, Li H, Shi A, Yu D, et al. Snoring, inflammatory markers, adipokines and metabolic

syndrome in apparently healthy Chinese. PLoS One. 2011; 6(11): e27515. https://doi.org/10.1371/

journal.pone.0027515 PMID: 22110665

33. Irwin MR, Olmstead R, Carroll JE. Sleep Disturbance, Sleep Duration, and Inflammation: A Systematic

Review and Meta-Analysis of Cohort Studies and Experimental Sleep Deprivation. Biol Psychiatry.

2016; 80(1): 40–52. https://doi.org/10.1016/j.biopsych.2015.05.014 PMID: 26140821

34. Cappuccio FP, Stranges S, Kandala NB, Miller MA, Taggart FM, Kumari M, et al. Gender-specific asso-

ciations of short sleep duration with prevalent and incident hypertension: the Whitehall II Study. Hyper-

tension. 2007; 50(4): 693–700. https://doi.org/10.1161/hypertensionaha.107.095471 PMID: 17785629

35. Stang A, Moebus S, Mohlenkamp S, Erbel R, Jockel KH. Gender-specific associations of short sleep

duration with prevalent hypertension. Hypertension. 2008; 51(3): e15–16; author reply e17. https://doi.

org/10.1161/hypertensionaha.107.108456 PMID: 18227401

36. Choi H, Kim HC, Lee JY, Lee JM, Choi DP, Suh I. Sleep duration and chronic kidney disease: The

Korean Genome and Epidemiology Study (KoGES)-Kangwha study. Korean J Intern Med. 2017; 32(2):

323–334. https://doi.org/10.3904/kjim.2015.400 PMID: 28192891

37. Roderick PJ, Atkins RJ, Smeeth L, Mylne A, Nitsch DD, Hubbard RB, et al. CKD and mortality risk in

older people: a community-based population study in the United Kingdom. Am J Kidney Dis. 2009; 53

(6): 950–960. https://doi.org/10.1053/j.ajkd.2008.12.036 PMID: 19394727

Sleep duration and albuminuria

PLOS ONE | https://doi.org/10.1371/journal.pone.0192980 February 22, 2018 10 / 10

https://doi.org/10.1139/y10-046
http://www.ncbi.nlm.nih.gov/pubmed/20725134
https://doi.org/10.1093/aje/kwn337
http://www.ncbi.nlm.nih.gov/pubmed/18945686
https://doi.org/10.1093/aje/kwp023
http://www.ncbi.nlm.nih.gov/pubmed/19299406
http://www.ncbi.nlm.nih.gov/pubmed/16895254
https://doi.org/10.1016/j.smrv.2003.10.002
http://www.ncbi.nlm.nih.gov/pubmed/15144959
http://www.ncbi.nlm.nih.gov/pubmed/9226606
https://doi.org/10.1016/j.smrv.2011.04.001
http://www.ncbi.nlm.nih.gov/pubmed/21733722
https://doi.org/10.1371/journal.pone.0027515
https://doi.org/10.1371/journal.pone.0027515
http://www.ncbi.nlm.nih.gov/pubmed/22110665
https://doi.org/10.1016/j.biopsych.2015.05.014
http://www.ncbi.nlm.nih.gov/pubmed/26140821
https://doi.org/10.1161/hypertensionaha.107.095471
http://www.ncbi.nlm.nih.gov/pubmed/17785629
https://doi.org/10.1161/hypertensionaha.107.108456
https://doi.org/10.1161/hypertensionaha.107.108456
http://www.ncbi.nlm.nih.gov/pubmed/18227401
https://doi.org/10.3904/kjim.2015.400
http://www.ncbi.nlm.nih.gov/pubmed/28192891
https://doi.org/10.1053/j.ajkd.2008.12.036
http://www.ncbi.nlm.nih.gov/pubmed/19394727
https://doi.org/10.1371/journal.pone.0192980

