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Abstract

Introduction—In general populations, short and long sleep duration, poor sleep quality and sleep 

disorders have been associated with increased risk of death. We evaluated these associations in 

individuals with chronic kidney disease (CKD).

Methods—Prospective cohort study of 1,452 National Health and Nutrition Examination Survey 

(NHANES) 2005-2008 participants with CKD. CKD was defined by estimated glomerular 

filtration rate <60 ml/min/1.73m2 or urine albumin-to-creatinine ratio ≥30 mg/g. Sleep duration, 

sleep symptoms (difficulty falling asleep, difficulty staying asleep, daytime sleepiness and non-

restorative sleep), and sleep disorders (restless legs syndrome and sleep apnea) were self-reported. 

Vital status was determined using NHANES mortality linkage through December 2011.

Results—Mean age was 61 years, 58% were women, and 75% non-Hispanic white. During 4.4 

years of median follow-up, we observed 234 deaths of which 75 were due to cardiovascular 

causes. In multivariable analyses, compared with individuals who reported 7-8 hours of sleep, HR 

(95% CI) for all-cause mortality for sleep duration <7 hours and >8 hours were 1.50 (1.08-2.10) 

and 1.36 (0.89-2.08), respectively. The corresponding HR (95%CI) for cardiovascular mortality 

were 1.56 (0.72-3.37) and 1.56 (0.66-3.65). Non-restorative sleep and restless legs syndrome were 

associated with increased risk for all-cause mortality (1.63 [1.13-2.35], and 1.69 [1.04-275], 

respectively).
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Conclusion—In adults with CKD, short sleep duration, nonrestorative sleep and restless legs 

syndrome are associated with increased risk of death. These findings underscore the importance of 

promoting adequate sleep in patients with CKD, and the need for future studies evaluating the 

impact of sleep interventions in this population.

Introduction

Sleep is an essential state of rest for the well-being of the mind and body, but sleep 

curtailment has become a common, often voluntary behavior in modern society.1 In general 

populations, impaired sleep has been found to be associated with poor health outcomes 

including death.2,3 In addition, there is increasing evidence for an association between both 

short and long duration of habitual sleep, as well as impaired sleep quality, with prevalence 

and severity of major chronic diseases, including hypertension, diabetes and cardiovascular 

disease.4–7

It is estimated that among people with chronic kidney disease (CKD) the prevalence of sleep 

disturbances can be as high as 80%.8 In an analysis of the National Health and Nutrition 

Examination Survey (NHANES) 2005-2008, Plantinga et al found that the prevalence of 

inadequate sleep (defined as ≤6 hours per night) was higher in individuals with mild CKD 

than in those with no CKD.9 However, the impact of sleep duration and sleep quality on 

clinical outcomes in individuals with CKD is not well understood. For this reason, we 

conducted a study to assess the association of sleep duration, sleep symptoms and disorders 

with all-cause and cardiovascular mortality in U.S. adults with CKD using data from 

NHANES 2005-2008.

Materials and Methods

Study Population

NHANES is a stratified, clustered, multistage probability sample survey of the civilian, 

noninstitutionalized U.S. population, conducted by the National Center for Health Statistics 

(NCHS) of the U.S. Centers for Disease Control and Prevention, with oversampling of non-

Hispanic black and Mexican-American persons.10 The survey consists of a standardized in-

home interview followed by physical examination, as well as blood and urine collection at a 

mobile examination center (MEC). Survey protocol was approved by the NCHS Institutional 

Review Board and is adherent to the Declaration of Helsinki. All participants provided 

informed consent. This analysis was limited to NHANES 2005-2008 participants who met 

the inclusion criteria (18 years or older, non-pregnant, and had available serum creatinine 

and urine albumin and creatinine measurements) and the study definition of CKD.

Measurements and Definitions

Chronic Kidney Disease—Serum and urine creatinine were measured using the 

modified kinetic Jaffé method. Urine albumin was measured using a solid-phase fluorescent 

immunoassay. Urine albumin and creatinine concentrations were measured in one random 

urine sample. CKD was defined by either an estimated glomerular filtration rate (eGFR) <60 

ml/min/1.73m2, using the CKD Epidemiology Collaboration (CKD-EPI) creatinine 
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equation,11 or the presence of albuminuria (urine albumin to creatinine ratio [UACR] ≥30 

mg/g).

Sleep—During the home interview, through a computer- assisted personal interviewing 

system, NHANES 2005-2008 participants answered questions regarding sleep habits and 

sleep-related problems from two validated instruments: the Sleep Heart Health Study Sleep 

Habits Questionnaire12 and the Functional Outcomes of Sleep Questionnaire.13,14 For this 

study we used selected questions as described herein. Sleep duration was ascertained using 

the following question: “How much sleep do you usually get at night on weekdays or 

workdays?” We classified total hours of sleep as <7, 7-8 or >8.2 The items used to ascertain 

the presence of sleep symptoms were: 1) difficulty falling asleep, “In the past month, how 

often did you have trouble falling asleep;” 2) difficulty staying asleep, “In the past month, 

how often did you wake up during the night and had trouble getting back to sleep;” 3) 

daytime sleepiness, “In the past month, how often did you feel excessively or overly sleepy 

during the day;” and 4) non-restorative sleep, “In the past month, how often did you feel 

unrested during the day, no matter how many hours of sleep you had.” Participants were 

asked to choose from one of the following options: Never, rarely (1 time a month), 

sometimes (2-4 times a month), often (5-15 times a month), almost always (16-30 times a 

month), refused or don't know. Sleep symptoms were considered to be present if reported 

“often” or more (at least 5 times a month). The presence of restless legs was also self-

reported using the questions: “Have you ever been told by a doctor or other health 

professional that you have a sleep disorder?” if yes, “What was the sleep disorder?” The 

possible answers were “sleep apnea”, “insomnia”, “restless legs”, “other”, “refused” and 

“don't know”.

Covariates—Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, 

Mexican American, or other. In these analyses income was classified as annual family 

income <20,000 or ≥20,000 U.S. dollars, and educational attainment as less than high school 

or ≥ high school. Participants were considered to have health insurance if they self-reported 

coverage by any health insurance plan. Participants were classified as current or past/never 

smoker based on responses to the questions “Have you smoked at least 100 cigarettes during 

your entire life?” and “Do you smoke cigarettes now?” Participants had three BP 

measurements at the MEC in the sitting position, after 5 minutes of rest, using a 

standardized protocol.15 The averages of all systolic BP available readings are reported here. 

Hypertension was defined as systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg or the 

self-reported use of antihypertensive medications. Diabetes was defined as a history of 

diabetes, self-reported use of insulin or other medication to treat diabetes, a fasting blood 

glucose ≥126 mg/dL, or a random blood glucose ≥200 mg/dL. The presence of congestive 

heart failure was ascertained using the following question, “has a doctor or other health 

professional ever told you that you had congestive heart failure”. The use of medications for 

sleep was ascertained using the following question: In the past month, how often did you 

take sleeping pills or other medication to help you sleep? The possible answers were never, 

rarely (1 time/month), sometimes (2-4 times/month), often (5-15 times/month) or almost 

always (16-30 times/month); participant who answered ≥5 times/month were classified as 

sleeping pills users. Height and weight were measured by trained NHANES staff. Body 
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mass index (BMI) was calculated as weight in kilograms divided by height in meters 

squared. The presence of depressive symptoms was defined as a Patient Health 

Questionnaire (PHQ-9) ≥10.16

Outcome Ascertainment

We used the NHANES Linked Mortality File, which provides follow-up data on vital status 

from the date of the NHANES 2005-2008 survey participation through the date of death or 

December 31, 2011. Vital status was ascertained by the NCHS through a probabilistic match 

between NHANES 2005-2008 participants and National Death Index death certificate 

records.17 Participants who were not matched with any death records were considered to be 

alive through the follow-up period. Cause of death was assigned by the NCHS based on the 

International Classification of Diseases, 10th Revision. For this study, cardiovascular 

mortality was defined as death due to diseases of the heart, essential hypertension and 

hypertensive kidney disease, cerebrovascular disease, atherosclerosis, and other diseases/

disorders of the circulatory system (codes I00-I99).18

Statistical methods

NCHS recommendations were followed to account for stratification and clustering of the 

survey design, as well as oversampling of ethnic minorities and elderly persons.19 

Continuous variables were expressed as means (standard error) or medians (interquartile 

range) if not normally distributed; and categorical variables as weighted percentage. Chi-

squared and student's t tests were used to compare categorical and continuous variables, 

respectively. Cox proportional hazards models were used to determine the association 

between sleep duration and symptoms and all-cause and cardiovascular mortality adjusting 

for important covariates (age, gender, race/ethnicity, income, education, diabetes, 

hypertension, congestive heart failure, sleeping pill use, smoking, eGFR, albuminuria, BMI 

and depression symptoms) which were chosen based on prior literature.3,20–22 We evaluated 

age, gender and diabetes as potential effect modifiers of the association between sleep 

variables and mortality by adding an interaction term between the corresponding sleep 

variable and each of the potential effect modifiers to the fully adjusted model. All tests were 

two-sided, and p<0.05 was considered significant for hypothesis testing. The proportional 

hazards assumption of the Cox models was examined using Schoenfeld residuals, which 

showed no significant departure from proportionality over time (p >0.05).23 All statistical 

analyses were done using SAS 9.3 (Cary, NC).

Results

Participant Characteristics

Of the 11,791 NHANES 2005-2008 adult (age ≥ 18 years) participants who were examined, 

1,395 did not have data on serum creatinine or urine albumin to creatinine ratio. Pregnant 

women and individuals with eGFR <15 ml/min/1.73 m2 were excluded. Among the 

remaining participants, 1820 met our definition of CKD. Of those, we excluded participants 

due to missing data on sleep duration or symptoms (n=7), income (n=64), diabetes (n=31), 

smoking (n=69), body mass index (n=35), congestive heart failure (n=12) or other covariate 

(n=150). Therefore, our final analytic sample included 1,452 individuals. Compared with 
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participants who were included in analyses, those who were excluded due to missing 

covariate data were more likely t be younger (mean age 56.1 vs. 60.5 years, p=0.005); of 

“other” racial/ethnic background (15.6 vs. 7.5%, p<0.001); and to have higher eGFR (81.7 

vs. 74.3 ml/min/1.73 m2, p<0.001). There were no differences in gender or urine albumin to 

creatinine ratio distribution.

The mean sleep duration was 7 hours. Approximately 35.4% of individuals reported sleeping 

<7 hours, 54.7% 7-8 hours, and 9.9% > 8 hours. Demographic and clinical characteristics 

are presented overall and by sleep duration category in Table 1. Mean age was 60.4 years, 

58.6% of participants were women, and 74.6% were non-Hispanic whites. Compared to 

individuals sleeping 7-8 hours, individuals reporting <7 hours of sleep were more likely to 

be younger (58.5 versus 60.5 years), non-Hispanic black (18.3% versus 7.6%), and have less 

than a high school education (26.9% versus 22.7%). In addition, individuals reporting <7 

hours sleep were more likely to have a BMI of ≥30 kg/m2 (46.2% versus 39.0%), have 

diabetes (32.5% versus 24.1%), depressive symptoms (PHQ-9 score ≥10 9.5% versus 4.4%), 

and albuminuria >300 mg/g (13.1% versus 6.9%): they were also more likely to report 

sleeping medication use (17.8% versus 10.0%). Compared to individuals reporting 7-8 hours 

of sleep, individuals who reported >8 hour sleep were older (66.7 versus 60.5 years), more 

likely to have <high school education (38.9% versus 22.7%), have health insurance (92.8% 

versus 86.4%), diabetes (29.7% versus 24.1%), congestive heart failure (11.0%% versus 

5.9%%), lower eGFR (68.0 versus 73.1 ml/min/1.73m2), and albuminuria >300 mg/g (9.6% 

versus 6.9%).

In Table 2, demographic and clinical characteristics are presented by presence or absence of 

sleep symptoms and sleep disorders. Individuals who reported sleep symptoms were more 

likely to be women, current smokers, and to have a PHQ-9 score ≥10.

Association of Sleep Duration with Mortality

During a median follow-up of 4.4 years, 234 deaths occurred, of which 75 were due to a 

cardiovascular cause. All-cause mortality rates and hazard ratios (HR) with 95% confidence 

intervals by category of sleep duration are summarized in Figure 1. After adjustment for 

sociodemographic and clinical factors, self-reported sleep duration <7 hours was associated 

with a 50% increased risk for all-cause mortality as compared to individuals reporting 7-8 

hours of sleep (HR 1.50, 95% CI 1.08-2.10). Self-reported sleep duration >8 hours was 

associated with a nonsignificant increased risk for all-cause mortality compared to 7-8 hours 

(HR 1.36, 95% CI 0.89-2.08). Similarly, compared with self-reported sleep duration of 7-8 

hours, sleep duration <7 hours and >8 hours were associated with non-statistically 

significant increased risk for cardiovascular death (HR [95% CI], 1.56 [0.72-3.37], and 1.56 

[0.66-3.65]), respectively, Figure 2). We found no evidence of effect modification by age, 

gender or diabetes.

Association of Sleep-Related Symptoms with Mortality

Non-restorative sleep and restless legs syndrome were each associated with an increased risk 

for all-cause death (HR [95% CI], 1.63 [1.13-2.35], and 1.69 [1.04-2.75] respectively). 

There was no significant association between the other sleep symptoms or sleep apnea and 
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all-cause death (Figure 1). Furthermore, there was no significant association between sleep 

symptoms and cardiovascular death (Figure 2). We found no evidence of effect modification 

by age, gender or diabetes.

Discussion

In U.S. adults with CKD, self-reported sleep duration of <7 hours was associated with 

increased risk of all-cause and cardiovascular death compared with individuals reporting 

sleep duration of 7-8 hours. Additionally, non-restorative sleep and diagnosed restless legs 

syndrome were associated with increased risk of all-cause death. To our knowledge, this is 

the first study to examine the association of sleep duration and sleep symptoms with 

mortality in a representative sample of U.S. adults with non-dialysis dependent CKD.

Several population-based cohort studies have demonstrated elevated risk of all-cause and 

cardiovascular mortality for individuals reporting short sleep duration.20–22,24,25 There is a 

paucity of data regarding the impact of short sleep on clinical outcomes in CKD. A recent 

analysis from the Nurses' Health Study found that shorter sleep was associated with faster 

decline in kidney function but mortality was not evaluated.26 Our findings suggest that the 

association between short sleep duration and mortality found in the general population may 

extend to patients with non-dialysis dependent CKD.

A number of mechanisms have been proposed to explain the association between poor sleep 

duration and adverse outcomes in the general population, including alterations of 

sympathetic nervous system activity, cortisol release, glucose intolerance, and 

inflammation.8,27–29 The associations of short sleep duration with mortality in CKD may 

also be reflective of disturbances in circadian rhythm. Circadian misalignment can arise 

when an individual's sleep is not in synchrony with their endogenous clocks.30 There is 

growing evidence from animal and human studies suggesting that dysregulation of renal 

circadian rhythms may be associated with worsening blood pressure and glucose 

metabolism.31 For example, activation of the circadian clock activity in mice leads to salt-

sensitive activation, whereas its suppression leads to low blood pressure.32 Future studies are 

needed to better understand the role of circadian rhythm in CKD outcomes.

We also found significant associations between non-restorative sleep and restless legs 

syndrome and all-cause mortality which have been observed in general population 

studies.33,34 In the Health Professionals Follow-Up Study, non-restorative sleep was 

associated with HR 1.24 (95% CI, 1.05–1.46) for all-cause mortality. The potential 

mechanisms linking non-restorative sleep with mortality are similar to those mentioned 

above for short sleep. Restless legs syndrome is common in patients with CKD.35 Reasons 

for this increased prevalence are not understood but it has been postulated that disordered 

iron metabolism may be an important factor.36 Multiple observational cohort studies of 

individuals with end-stage renal disease have shown a significant increase in the risk of 

death among individuals with restless leg syndrome compared with those without the 

disease.37–40 However, less is known about this association in patients with CKD who are 

not on dialysis.
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Our findings of no association between sleep apnea and increased risk of death in 

individuals with CKD are in contrast with general populations studies which have shown 

that sleep apnea diagnosed by polysomnography or other objective measure is associated 

with increased mortality risk.41–43 The reason for this discordance might be the self-reported 

method of sleep apnea ascertainment in our study. It is well established that sleep apnea is 

often underdiagnosed in the clinical setting,44 therefore, underestimation of its prevalence in 

our study might have limited the power to detect an association between sleep apnea and 

mortality.

Strengths of our study include the large sample size and prospective study design with 

median follow-up of 4.4 years and the comprehensive assessment of sleep symptoms. 

However, several limitations of this study should be taken into account. First, the use of self-

reported questionnaires to capture sleep duration may provide an inflated estimate of sleep 

duration;45 in addition, it might underestimate the prevalence of sleep disorders such as 

sleep apnea which are known to be common in patients with CKD undergoing objective 

sleep measurements.46 Second, misclassification of CKD due to single-measurement of 

eGFR and UACR is possible, which may lead to misclassification of the selected study 

sample. Third, our study was underpowered to detect associations with cardiovascular 

mortality. Finally, individuals with missing serum creatinine or UACR data were excluded 

from analysis. Therefore, our findings may not be representative of the entire CKD 

population.

In conclusion, short sleep was associated with an increased risk for all-cause mortality in 

individuals with CKD. Non-restorative sleep and restless leg symptoms were also associated 

with an increased risk for all-cause mortality. These findings reinforce the importance of 

promoting adequate sleep in patients with CKD. Future longitudinal studies with objective 

measures of sleep duration and symptoms as well as randomized controlled trials 

investigating the effects of improving sleep duration and symptoms are needed. A better 

understanding of the effect of sleep duration and sleep symptoms on adverse outcomes 

among the CKD population could help inform CKD management and lead to improvement 

of health outcomes.
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Figure 1. 
Event rates per 100 person-years and adjusted hazard ratios (95% confidence intervals) for 

all-cause mortality according to sleep duration, symptoms and disorders. Hazard ratios are 

adjusted for age, gender, race/ethnicity, income, education, diabetes, body mass index, 

hypertension, smoking, depressive symptoms, eGFR and albuminuria.
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Figure 2. 
Event rates per 100 person-years and adjusted hazard ratio (95% confidence intervals) for 

cardiovascular mortality according to sleep duration, symptoms and disorders. Hazard ratios 

are adjusted for age, gender, race/ethnicity, income, education, diabetes, body mass index, 

hypertension, smoking, depressive symptoms, eGFR and albuminuria

Ricardo et al. Page 12

Kidney Int Rep. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ricardo et al. Page 13

Table 1

Characteristics of Individuals with CKD Overall and Stratified by Sleep Duration.

Overall (N = 1,452) <7 hours (N = 543) 7-8 hours (N = 752) >8 hours (N = 157)

Age, years 60.4 ± 0.8 58.5 ± 1.0 60.5 ± 1.1 66.7 ± 1.9*

 18-44 22.2% 25.8% 21.3% 14.3%*

 45-64 28.5% 30.9% 29.3% 16.0%

 >65 49.2% 43.3% 49.4% 69.6%

Female Gender 58.6% 56.1% 59.7% 61.4%

Race

 Non-Hispanic White 74.6% 66.5% 78.6% 81.1%*

 Non-Hispanic Black 11.3% 18.3% 7.6% 6.6%

 Mexican American 6.7% 5.9% 7.3% 5.9%

 Other 7.5% 9.3% 6.6% 6.4%

Household Income < $20,000/year 23.3% 25.9% 21.4% 24.6%

Education < High School 25.8% 26.9% 22.7% 38.9%*

No health insurance 11.6% 9.6% 13.6% 7.2%*

Current Smoker 17.1% 20.7% 15.2% 14.3%

Hypertension 56.8% 60.9% 53.8% 58.9%

Diabetes 27.6% 32.5% 24.1% 29.7%*

Congestive heart failure 7.2% 8.3% 5.9% 11%*

Sleeping pill use 12.5% 17.8% 10.0% 7.8%

Depression (PHQ-9 Score ≥10) 6.2% 9.5% 4.4% 3.8%*

Systolic BP (mm Hg) 132 ± 1 133 ± 1 132 ± 1 131 ± 2

Diastolic BP (mm Hg) 69 ± 1 70 ± 1 69 ± 1 66 ± 2

BMI ≥30 kg/m2 40.9% 46.2% 39.0% 32.2%*

HbA1C (%) 6.0 ± 0.1 6.1 ± 0.1 5.9 ± 0.1 6.0 ± 0.2

TC ≥200 mg/dL 44.6% 44.7% 45.8% 37.9%

LDL-C ≥100 mg/dL 56.5% 60.8% 55.7% 46.9%

eGFR (ml/min/1.73m2) 74.3 ± 1.2 78.0 ±1.7 73.1 ±1.6 68.0 ± 2.4*

Urine ACR

 <30 mg/g 33.3% 25.2% 36.9% 42.4%*

 30-300 mg/g 57.4% 61.7% 56.3% 47.9%

 >300 mg/g 9.3% 13.1% 6.9% 9.6%

*
p < .05

Values are expressed as weighted mean ± standard error or weighted percentage.
Abbreviations: ACR, albumin to creatinine ratio; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; LDL-C, 
low-density lipoprotein cholesterol; PHQ-9, Patient Health Questionnaire for depression screening;
TC, total cholesterol.
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