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Abstract

Objectives: Although epidemiological evidence suggests that short sleep duration may affect 

renal function, the influence of long sleep and risk of end-stage renal disease (ESRD) is unclear. 

We examined the association between sleep duration and risk of ESRD.

Methods: We investigated sleep duration and ESRD risk in the Singapore Chinese Health Study, 

a prospective population-based cohort of 63,257 Chinese in Singapore, who were aged 45–74 

years at recruitment (1993–1998). Information on daily sleep duration (including naps), diet, 

medical history and other lifestyle factors was collected at recruitment from in-person interviews. 

ESRD cases were identified via linkage with the nationwide Singapore Renal Registry through 

year 2014. We used the Cox proportional hazards regression method to estimate hazard ratio (HR) 

and 95% confidence interval (CI) of ESRD in relation to sleep duration.

Results: After an average 16.8 years of follow-up, 1,143 (1.81%) ESRD cases were documented. 

Sleep duration had a U-shaped association with risk of ESRD (P for quadratic trend < 0.001). 

Compared with participants with 7 hours/day of sleep, the multivariable adjusted HR (95% CI) of 

ESRD was 1.43 (1.18–1.74) for short sleep (≤ 5 hours/day) and 1.28 (1.03–1.60) for long sleep 
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duration (≥ 9 hours/day). The increased risk was stronger in participants with more than 10 years 

of follow-up compared to those with shorter follow-up time, especially for long sleep (P for 

interaction = 0.003).

Conclusions: Our findings demonstrated that both short and long sleep durations were 

associated with a higher risk of ESRD in this Asian population.
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1. Introduction

Sleep duration is associated with an increased risk of cardiovascular disease, diabetes and 

hypertension [1–3], and these comorbidities are well-known risk factors for the development 

and progression of chronic kidney disease (CKD) [4]. Specifically, a U-shaped association 

has been found between sleep duration and diabetes [2], cardiovascular disease mortality [5, 

6] and all-cause mortality [7]. Meta-analyses of prospective cohort studies have also 

suggested that both short sleep [8] and long sleep durations [9] are associated with a higher 

risk of diabetes and cardiovascular disease, with additional risk associated with hypertension 

for short sleep [8].

Sleep duration has also been studied in association with risk of CKD and eGFR level in 

epidemiologic studies. Compared with sleep duration of 7 to 8 hours, short sleep duration 

has been associated with 28% increased risk in the development of proteinuria [10], and 

79% higher risk of faster decline in renal function in cohort studies [11]. Short sleep 

duration has also been associated with a greater eGFR decline among patients with 

hypertension and CKD [12, 13]. Conversely, the association between long sleep duration and 

decline in renal function is not consistent, with some cross-sectional studies showing long 

sleep to be associated with higher prevalence of low eGFR [14] or CKD [15], while other 

studies showed long sleep to have non-significant associations with lower prevalence of 

reduced eGFR [12] or lower risk of rapid decline in eGFR [11]. Furthermore, sleep 

disturbance, as a symptom of advanced CKD, may affect sleep quality and sleep duration 

[16–18]. Hence, previous studies with relatively short follow-up period may not be able to 

differentiate the effect of sleep on renal function from the reverse causality effect of renal 

disease on sleep duration.

Using data from Singapore Chinese Health Study, we have previously shown that both short 

and long sleep durations were associated with higher risk of all-cause mortality [19], as well 

as mortality due to coronary artery disease or stroke [5, 6]. To our best knowledge, there is 

no epidemiologic study on sleep duration and risk of end stage renal disease (ESRD) in a 

general population-based cohort. Thus, in this study, we investigated the association between 

sleep duration and risk of ESRD in the population-based Singapore Chinese Health Study 

cohort.
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2. Method

2.1 Study population

The Singapore Chinese Health Study is a population-based prospective cohort study consists 

of 63,257 Chinese adults (27,959 men and 35,298 women), aged 45–74 years during 

recruitment between April 1993 and December 1998. The participants were recruited from 

government-built housing estates, where 86% of the Singapore population resided at the 

time of recruitment, and they were restricted to the two major dialect groups of Chinese in 

Singapore, the Hokkien and Cantonese, who originated from the contiguous provinces of 

Fujian and Guangdong in the southern part of China, respectively [20]. All participants gave 

written informed consent. The study was approved by the Institutional Review Board of the 

National University of Singapore.

2.2 Ascertainment of sleep duration and covariates

At recruitment, the trained interviewers did face-to-face interviews with a structured 

questionnaire and obtained information on demographics, sleep duration, height, weight, 

lifetime use of tobacco, alcohol intake, habitual physical activity, self-reported medical 

history, including physician-diagnosed hypertension, coronary artery disease, stroke and 

diabetes. Diet was assessed by a validated 165-item, semi-quantitative food frequency 

questionnaire. Body mass index (BMI, kg/m2) was calculated by body weight in kilogram 

divided by square of height in meter. Sleep duration of the participants was assessed by 

asking the question “On the average, during the last year, how many hours did you sleep in a 

day, including naps?”, with the following response categories: “≤ 5 hours”, “6 hours”, “7 

hours”, “8 hours”, “9 hours”, and “≥ 10 hours”.

2.3 Ascertainment of incident ESRD cases

We identified ESRD cases by linking the cohort database with the population-based 

Singapore Renal Registry, which has been comprehensive in the ESRD recording since 

1999. The registry identified ESRD cases through laboratory records, hospital records, and 

listings of patients on dialysis [21]. The cases were registered in the National registry of 

diseases office if they met ≥ one of the following criteria: (1) serum creatinine level ≥ 880 

μmol/L (10 mg/dl); (2) eGFR < 15 ml/min per 1.73 m2 (based on either the Modification of 

Diet in Renal Disease Study equation; Cockcroft Gault equation, or 24-hour creatinine 

clearance); (3) undergoing hemodialysis or peritoneal dialysis; or (4) has undergone kidney 

transplant. The first three criteria have to be persistent over three months for qualifying as 

ESRD [21]. As of Dec 31 2014, only 57 subjects were lost to follow-up due to migration out 

of Singapore or for other reasons from our cohort, which suggests that emigration among the 

participants was negligible and that follow-up via linkage with the nationwide registry was 

virtually complete. The current analysis included data from 63,147 participants after 

excluding 110 participants with ESRD who were diagnosed with ESRD before enrollment.

2.4 Statistical analysis

We counted person-years from the date of recruitment to date of reported ESRD, loss to 

follow-up, death, or December 31st 2014, whichever occurred first. The differences in 
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baseline characteristics by sleep duration were examined using the chi-squared test for 

categorical variables and ANOVA test for continuous variables. Kaplan-Meier survival 

curves were used to estimate the survival function of ESRD by sleep duration. We used 

multivariable Cox proportional hazards regression models to compute the HR and 95% CI 

for the association between sleep duration and risk of ESRD. We chose 7 hours/day as 

reference group based on the recommended sleep amount for healthy older adults by the 

American Academy of Sleep Medicine and Sleep Research Society [22].

We selected the potential confounders based on prior consideration of the associations with 

risk of ESRD in this population [23–26]. Experimental studies in animal models suggest that 

long-term incense use may have deleterious effects on kidney function [27], while the use of 

Chinese herbal medicine and the risk of ESRD has been described in human studies [28], 

Conversely, ginseng may have important bioactive constituents that can control pathological 

conditions associated with diabetic nephropathy [29]. Since information on incense use and 

intake of ginseng and medicinal soup was available in this population, we had also included 

these as covariates in the model. Model 1 was adjusted for the following factors: age (years), 

gender, dialect (Hokkien / Cantonese), year of baseline interview (19931995, 1996–1998), 

and education level (none, primary school, secondary school or higher), body mass index 

(kg/m2), smoking status (never, ever), physical activity (defined as any weekly moderate 

activity, vigorous activity or strenuous sports lasting ≥ 0.5 hours), alcohol consumption 

(none, occasionally, weekly, daily), total energy intake (kcal/day), total protein intake (g/day, 

in quartiles), red meat intake (g/day, in quartiles), coffee consumption (none to < 1 cup/day, 

1 cup/day, ≥ 2 cups/day), domestic incense use (current or non-current), as well as taking 

ginseng (yes or no) or medicinal soup (yes or no) at least once a week. In addition to model 

1 adjustment, model 2 was adjusted for baseline self-reported history of physiciandiagnosed 

hypertension, coronary artery disease, stroke and diabetes (yes or no for each disease).

We further performed stratified analysis by follow-up time (≤ 10 years vs. > 10 years), BMI 

(< 25 kg/m2 vs. ≥ 25 kg/m2), gender (men vs. women), and baseline history of comorbidities 

(with at least one of the comorbidities vs. without any of the comorbidities). The 

heterogeneity of the sleep-ESRD associations in each sleep duration category by different 

factors was tested by including an interaction term (product between each category of sleep 

duration and interaction factor) in the Cox model. We also included linear and quadratic 

terms of sleep duration in the Cox regression model to test the curvilinear relation.

All analyses were performed using Stata statistical software, release 14.0 (StataCorp LP, 

College Station, Texas), and two-sided p-value of < 0.05 were considered statistically 

significant.

3. Results

Among the 63,147 participants, 9.7% reporting short sleep duration with ≤ 5 hours/day, 

23.3% reported sleeping 6 hours/day, 32.6% of them reported sleeping 7 hours/day, 27.4% 

reported sleeping 8 hours/day and 6.9% reporting long sleep duration with ≥ 9 hours/day. As 

shown in Table 1, compared to participants with 7 hours/day of sleep, participants with short 

or long sleep durations were older and had a lower educational level. They were more likely 
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to have ever been smokers or daily drinkers, but less likely to be physically active. They also 

had a higher prevalence of baseline history of hypertension, coronary artery disease, stroke 

and diabetes. The mean BMI was comparable across all the groups.

After a mean (SD) follow-up of 16.8 (5.1) years among 63,147 participants, there were 

1,143 incident ESRD cases. Figure 1 shows the Kaplan-Meier survival curves of ESRD by 

sleep duration. Participants with 6 hours/day of sleep and 7 hours/day of sleep had 

comparable survival function. Compared with participants who reported 7 hours/day of 

sleep, participants who reported either ≤ 5 hours/day (short sleep) or ≥ 9 hours/day of sleep 

(long sleep) had the lowest survival function (both Ps for log-rank test < 0.001).

Sleep duration had a U-shaped association with risk of ESRD (P for quadratic trend < 

0.001). In multivariable Model 1 that adjusted for potential confounders in age, gender, 

BMI, diet and lifestyle, compared with participants who reported 7 hours/day of sleep, the 

hazard ratios (HRs) of ESRD were 1.53 (95% confidence interval [95% CI], 1.26–1.86) 

among participants who reported ≤ 5 hours/day of sleep and 1.50 (1.20–1.88) among 

participants with ≥ 9 hours/day of sleep, respectively. After additional adjustment for the 

baseline comorbidities of hypertension, coronary artery disease, stroke and diabetes in 

Model 2, the risk estimates were attenuated by 14.7% for long sleep and by 6.5% for short 

sleep duration. Compared with 7 hours/day of sleep, the multivariable adjusted HRs (95% 

CI) of ESRD risk were 1.43 (1.18–1.74) for ≤ 5 hours/day, 1.00 (0.84–1.18) for 6 hours/day, 

1.19 (1.02–1.39) for 8 hours/day and 1.28 (1.03–1.60) for ≥ 9 hours/day of sleep, 

respectively (Table 2).

When we stratified the analysis by baseline history of comorbidities, we did not find 

significant heterogeneity in the risk estimates between those with and without any of the 

preexisting comorbidities (all P for interaction ≥ 0.09). There was also no significant 

interaction between sleep duration and gender or baseline overweight status (< 25 kg/m2 vs. 

≥ 25 kg/m2) (all P for interaction ≥ 0.29). In the analysis stratified by follow-up time (≤ 10 

years versus > 10 years), the risks of short sleep duration and long sleep duration with ESRD 

were stronger in participants with longer follow-up of more than 10 years compared to those 

with shorter follow-up time. The difference in risk for long sleep duration by follow-up time 

was statistically significant (P for interaction = 0.003); however, the heterogeneity in risk for 

short sleep duration was not significant (P for interaction = 0.09) (Table 3).

4. Discussion

In this prospective cohort study of Singapore Chinese adults, we found that both short and 

long sleep durations were associated with an increased risk of developing ESRD. The 

estimates of sleep duration were attenuated after adjustment for baseline hypertension, 

diabetes, stroke and coronary artery disease. Furthermore, this attenuation was more 

substantial for long sleep than short sleep duration. In addition, the association between 

sleep duration and ESRD was stronger in participants with longer follow-up of more than 10 

years, especially for long sleep. To our knowledge, this is the first prospective study to 

investigate the association of both short and long sleep durations with the risk of ESRD in an 

Asian population.
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The relation between short sleep duration and renal function has been investigated in several 

studies. However, previous studies designed as cross-sectional [12] or retrospective studies 

[10], and some prospective study with a short follow-up time [13] or those that only 

included CKD patients [13] might be subject to recall bias or reverse causality, since renal 

disease is both a cause and symptom of sleep disturbances [16–18]. Moreover, most of the 

studies were conducted in Western populations; the results cannot be easily generalized to 

the Asian population. Our study is the first study to investigate sleep duration and risk of 

ESRD in an Asian population, and our prospective design in a population-based cohort with 

long duration of follow-up may overcome some of these methodologic limitations.

Our finding of short sleep duration being associated with higher risk of developing ESRD is 

largely consistent with other studies. A meta-analysis consisting of six observational studies 

showed a positive association between short sleep duration and proteinuria [30]. A 

retrospective cohort study in Japan with 6,834 participants of ages 20–65 years illustrated 

that sleep duration of 5 hours or less was associated with 28% increased risk of developing 

proteinuria [10]. Another cross-sectional study with 5,555 hypertensive participants in China 

showed that sleep duration with 6 or less per night was related with a higher prevalence of 

reduced eGFR (< 60 mL min−1 1.73 m2) [12]. A prospective cohort study which included 

4,238 women from the Nurses’ Health Study (NHS) in US found that compared with sleep 

duration of 7–8 hours per night, the HR (95% CI) for the association between sleep duration 

of 5 hours or less and rapid eGFR decline was 1.79 (1.06 to 3.03) [11]. The Coronary Artery 

Disease in Young Adults (CARDIA) study in US investigate the association between 

objective assessment of sleep duration by wrist actigraphy and changes of eGFR in 463 

healthy participants without hypertension, diabetes, cardiovascular disease or impaired 

kidney functions. The results suggested that shorter sleep was related to higher risk of 

kidney hyperfiltration over 10 years [31]. The Chronic Renal Insufficiency Cohort (CRIC) 

study involving 431 participants with CKD in US also assessed the association between 

sleep duration by wrist actigraphy and CKD progression, and reported that per hour decline 

in sleep duration was associated with a significant eGFR decline of 1.12 ml/min per 1.73m2 

per year, and a non-significant higher risk of ESRD [13].

Our study focused on the relationship between sleep duration and incident of ESRD showed 

long sleep duration was associated with a higher risk of ESRD. Several studies have 

examined the relations between long sleep duration and renal function including risk of 

CKD and eGFR level, but the findings are not consistent. A cross-sectional study including 

1,360 women conducted in Korea showed that long sleep duration (≥ 9 hours/day) was 

significantly associated with an increased prevalence of low eGFR, compared with the 

reference sleep group (7–8 hours/day) [14]. Another Korean cross-sectional study with 

241,607 participants also showed that 9 or more hours of sleep was associated with a higher 

prevalence of CKD and glomerular hyperfiltration [15]. On the contrary, in a cross-sectional 

study with 5,555 hypertensive participants in China, long sleep duration was not 

significantly associated with eGFR [12]. The National Health Study (NHS) with 4,238 

participants in US also found that compared with sleep duration 7–8 hours per night, 

participants with 9 or more hours had a decreased risk of rapid decline in eGFR, but this risk 

estimate was not statistically significant [11].
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In our study, both the risk estimates of ESRD with short sleep and long sleep duration and 

ESRD were attenuated after adjustment for baseline history of hypertension, coronary artery 

disease, stroke and diabetes. The attenuation was more remarkable for long sleep, suggesting 

that some of the association between long sleep duration and ESRD could be confounded or 

mediated by these comorbidities that are also associated with long sleep [9]. Hence, long 

sleep duration might be a risk marker for these comorbidities [32], which in turn lead to 

higher risk of ESRD. Moreover, since the time-stratified analysis in our study showed that 

the association between sleep duration and ESRD was stronger in participants with longer 

follow-up of more than 10 years; our findings are less likely to be explained by reverse 

causality from the potential confounding effect of subclinical kidney disease on the sleep-

related ESRD risk.

Although the mechanisms underlying the link between sleep duration and kidney function 

has not been fully elucidated, it is widely postulated that both short and long sleep durations 

may predispose to incident ESRD by increasing the risk of developing established CKD risk 

factors, including diabetes [2], hypertension [3] and cardiovascular disease [1], and these 

comorbidities subsequently have detrimental effects on renal function [4]. This concurs with 

our findings that individuals with short or long sleep had higher prevalence of these 

comorbidities and the risk estimates were attenuated after adjustment for these risk factors. 

In general, these comorbidities impair the renal function by contributing to chronic renal 

inflammatory changes and renal hemodynamic changes. Elevated blood pressure in 

hypertension could lead to glomerular hypertension, which will damage the nephron and 

lead to glomerular sclerosis [33, 34], hyperglycemia in diabetes can damage the glomerular 

mesangial cells and proximal tubular cells by increasing the production of reactive oxygen 

species [35], and cardiovascular disease can impair the renal hemodynamics through 

insufficient oxygenated blood supply [36]. Besides the indirect impact through 

comorbidities, activation of pro-inflammatory may represent a direct mechanism by which 

extreme sleep durations affect renal health since persistent low-grade inflammation has been 

recently recognized as an essential component of CKD [37]. Both short sleep and long sleep 

durations has been associated with elevations in C-reactive protein and interleukin-6 [38–

40], with additional risk associated with elevated tumor necrosis factor (TNF)-α levels for 

short sleep [38]. Further studies are needed to elucidate these mechanisms.

The strengths of this study are its population-based prospective design, large sample size, 

long follow-up, the objective assessment of ESRD endpoints and the virtual completeness of 

follow-up by linkage with the nationwide Singapore Renal Registry [21]. In addition, we 

analyzed the association of sleep duration with risk of ESRD over time in order to observe 

the long-term from short-term effects more accurately [41]. Several limitations should be 

acknowledged. First, we did not collect the information on sleep disturbances and sleep 

quality, which have been associated with the development and progression of CKD [13, 18, 

42]. Second, since we did not include any objective measurement to distinguish between 

naps and nocturnal sleep, we were unable to determine to what extent increased sleep 

duration represented daytime from night-time sleep. Third, the measurement of self-report 

and one-time assessment of sleep duration may lead to misclassification bias. However, 

given the prospective study design, this potential misclassification error is more likely to be 

non-differential, which could underestimate the true association between sleep duration and 
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risk of ESRD. Fourth, the residual confounding cannot be completely ruled out in our study 

due to the limitation of the observational design. Finally, we did not measure the biomarkers 

for prognostication of CKD at recruitment, such as eGFR and proteinuria. Hence, we were 

unable to establish the temporal relationship between sleep duration and deteriorating renal 

function with certainty.

5. Conclusions

In conclusion, both short and long sleep durations could have long-term effects in increasing 

the risk of ESRD in the general population. Interventions to help individuals maintain 

recommended sleep duration could reduce the risk of ESRD, particularly in high risk 

populations. Future studies using serial measurements to look at effects of change in sleep 

duration on kidney function will determine the clinical usefulness of such interventions.
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• We examined the relation between sleep duration and risk of ESRD in the 

population.

• Both short sleep and long sleep durations were associated with increased risk.

• This increased risk was stronger in those with more than 10 years of follow-

up.

• Maintaining recommended sleep duration may reduce ESRD incidence in the 

population.
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Figure 1. 
Kaplan Meier survival curves for ESRD by sleep duration.
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