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Abstract
Background and objectives Sleep duration has been associated with cardiometabolic risk and mortality. The
health-related quality of life represents a patient’s comprehensive perception of health and is accepted as a health
outcome. We examined the relationship between sleep duration and health-related quality of life in predialysis
CKD.
Design, setting, participants, & measurements In this cross-sectional study, data from 1910 adults with CKD
enrolled in the Korean Cohort Study for Outcome in Patients with CKD were analyzed. Health-related quality of
life was assessed with the physical component summary and mental component summary of the Short Form-36
Health Survey. Low health-related quality of life was deﬁned as a Short Form-36 Health Survey score .1 SD below
the mean. Using a generalized additive model and multivariable logistic regression analysis, the relationship
between self-reported sleep duration and health-related quality of life was examined.
Results Seven-hour sleepers showed the highest health-related quality of life. We found an inverted U-shaped
relationship between sleep duration and health-related quality of life as analyzed by a generalized additive
model. In multivariable logistic analysis, short sleepers (#5 h/d) had lower health-related quality of life (odds
ratio, 3.23; 95% conﬁdence interval, 1.86 to 5.60 for the physical component summary; odds ratio, 2.37; 95%
conﬁdence interval, 1.43 to 3.94 for the mental component summary), and long sleepers ($9 h/d) had lower
health-related quality of life (odds ratio, 2.80; 95% conﬁdence interval, 1.55 to 5.03 for the physical component
summary; odds ratio, 2.08; 95% conﬁdence interval, 1.20 to 3.60 for the mental component summary)
compared with 7-hour sleepers. Sleep duration had a signiﬁcant U-shaped association with low health-related
quality of life.
Conclusions These ﬁndings suggest that short or long sleep duration is independently associated with low healthrelated quality of life in adults with CKD.
Clin J Am Soc Nephrol 13: 858–865, 2018. doi: https://doi.org/10.2215/CJN.11351017

Introduction
CKD is a common health problem with high health
and economic burdens (1). Sleep occupies between
20% and 40% of the day and is essential for human
health (2). Sleep duration has declined and sleep problems have increased in current society (3,4). Adequate
sleep is important to restore functional capacity and
maintain homeostasis in the kidney (5,6). The inﬂuences of sleep on kidney disease are complex and little
known.
There is growing evidence that sleep is related to
health outcome. Recent studies have suggested that
insomnia is associated with higher risk of developing
and dying from cardiovascular disease (7). Short or
long sleep duration is associated with higher mortality
compared with 7 hours of sleep duration (8). Sleep
disorders, such as insomnia, restless leg syndrome,
and sleep apnea, are prevalent in patients with CKD, in
particular those undergoing dialysis (9). Nearly one
half of patients on hemodialysis were reported to
858
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experience poor sleep quality, which was associated
with higher mortality (10). However, few studies
have attempted to characterize sleep duration in predialysis CKD. Self-reported sleep duration ,5 hours
was associated with faster decline in kidney function
compared with sleeping 7–8 hours in healthy women
(11). Short sleep duration measured by actigraphy was a
risk factor for CKD progression in individuals with
CKD (12).
The heath-related quality of life (HRQOL) represents a patient’s comprehensive perception of physical and mental health, and it is accepted as a health
outcome. Patients with advanced CKD have multiple,
complex comorbid conditions that can produce poor
HRQOL (13). Better understanding of HRQOL enables
medical providers to deliver patient-centered care
and improve the wellbeing of patients, but HRQOL
remains an underinvestigated issue in CKD (14).
Fatigue, lack of energy, and drowsiness are the most
common symptoms that result in the poor HRQOL
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in predialysis CKD (15). Sleep disorders and short sleep
have emerged as factors related to adverse cardiometabolic risk and mortality. However, the relation of sleep
duration with HRQOL in predialysis CKD has not been
shown.
The Korean Cohort Study for Outcome in Patients with
CKD (KNOW-CKD) (16) is a cohort study in adults with all
stages of CKD. The primary aim of the KNOW-CKD is to
identify risk factors related to CKD and its outcomes. To
improve our understanding of sleep and HRQOL in adults
with predialysis CKD, we analyzed the association between sleep duration and HRQOL in the cross-sectional
baseline data of the KNOW-CKD.

Materials and Methods
Participants
The KNOW-CKD is an ongoing multicenter, prospective,
observational study of adults with CKD in Korea. The
study design has been published previously (16) and is
summarized here. Nine clinical centers in universityafﬁliated hospitals enrolled 2238 adults with CKD from
2011 to 2016. We deﬁned CKD as eGFR,60 ml/min per
1.73 m2, albuminuria, or structural abnormalities for .3
months (17), and we excluded subjects with previous dialysis, organ transplantation, advanced heart failure, liver
cirrhosis, history of malignancy, current pregnancy, or single kidney and those unable to give written consent. The
causes of CKD were diabetes, hypertension, GN, and
autosomal dominant polycystic kidney disease (16). The
KNOW-CKD enrolled ethnic Koreans who ranged in age
between 20 and 75 years old and had eGFR ranging from 6
to 145 ml/min per 1.73 m2. We analyzed 1910 participants
from this cohort who underwent complete baseline laboratory tests and completed questionnaires of sleep duration
and HRQOL (Supplemental Figure 1). This was a crosssectional study designed to assess the associations of sleep
duration with HRQOL in adults with CKD.
Variables
The enrolled adults with CKD were screened and
evaluated at baseline for sociodemographic information,
lifestyle information, detailed medical histories, anthropometric measurement, and laboratory tests. Variables for
this study included both survey data and laboratory data:
age, sex, marriage, household income, education level,
smoking, alcohol drinking, physical activity, diabetes
mellitus, hypertension, cardiovascular disease, serum hemoglobin, albumin, creatinine, and 24-hour urine protein.
Low income status was deﬁned as a monthly family income
less than approximately United States $1500 US. Low
education level was deﬁned as an academic background of
less than high school graduation. Hypertension was deﬁned as systolic BP $140 mm Hg, diastolic BP $90 mm Hg,
or a previous diagnosis. Diabetic mellitus was deﬁned
as serum hemoglobin A1c $6.5%, fasting glucose $126
mg/dl, or a previous diagnosis of diabetes. Alcohol drinking was deﬁned as having more than two drinks a day in
the past month. Health-enhancing physical activity was
deﬁned as .150 min/wk mode rate activity, 75 min/wk
vigorous activity, or an equivalent combination according
to global recommendations of the World Health
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Organization. Cardiovascular disease was deﬁned as a
medical history of myocardial infarction, heart failure,
peripheral vascular disease, or stroke.
Serum creatinine level was measured by the isotope
dilution mass spectroscopy traceable method. The eGFR
was calculated using the four-variable Chronic Kidney
Disease Epidemiology Collaboration equation (17). The
stage of CKD was on the basis of GFR category of the
Kidney Disease Improving Global Outcomes 2012 Clinical
Practice Guideline for the Evaluation and Management of
CKD (17).
Sleep Duration
Sleep duration was assessed by the following question:
“During the past month, how many hours of actual sleep
do you get a day? This can be different than the number of
hours you spend in bed.” The participants recalled and selfreported the total sleep duration per day for the last month
on average. Sleep duration was rounded to the nearest hour
and categorized as #5, 6, 7, 8, or $9 hours. Short sleepers
were deﬁned as adults who sleep #5 h/d, and long
sleepers were deﬁned as adults who sleep $9 h/d.
HRQOL
The Kidney Disease Quality of Life instrument (KDQOLSF) was used to assess comprehensive HRQOL in patients
with kidney disease (18). The KDQOL-SF includes the
Medical Outcome Study Short Form-36 Health Survey (SF36), and it is supplemented with kidney disease–targeted
items. The Korean versions of KDQOL-SF (19) and SF-36
(20) used in this study have been veriﬁed in previous
studies and include eight subscales: physical function, role
of physical limitation due to physical problems, bodily
pain, general health, vitality, role of emotional limitation
due to emotional problems, social function, and mental
health. KDQOL-SF and Health Questionnaires were completed with the aid of study personnel if adults with CKD
had difﬁculty with self-administration.
Responses to each question were transformed into SF-36
equivalent scores, and each scale ranges from 0 to 100, with
higher numerical scores indicating better HRQOL or less
impairment in that subscale. The four subscales of physical
function, role of physical limitation due to physical problems, bodily pain, and general health are summarized in a
physical component summary (PCS), and the four subscales of vitality, role of emotional limitation due to
emotional problems, social function, and mental health
are summarized in a mental component summary (MCS).
In this study, PCS and MCS scores were the outcomes of
interest. Low HRQOL (low PCS or low MCS) was deﬁned
as SF-36 score .1 SD below the mean.
Statistical Methods
Data are expressed as a percentile for categorical variables and mean6SD or median (interquartile range) for
continuous variables. Chi-squared analysis for categorical
variables and ANOVA for continuous variables were used
to determine differences in baseline characteristics and
HRQOL parameters according to eGFR stage and sleep
duration. Tests for trend were performed using mean
values in the categories as continuous variables in the
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logistic regression models. Because many parameters
might be inter-related with HRQOL, we constructed multivariable linear regression models to determine independent associations between sleep duration and HRQOL and
reported the results as regression coefﬁcient (b) and 95%
conﬁdence interval (95% CI). Multiple parameters were
selected on the basis of our baseline data and other HRQOL
studies of CKD. Because sleep duration of 7 h/d showed the
highest HRQOL in this study and was recommended as an
adequate sleep duration to promote optimal health (21), we
analyzed the relationship between sleep duration and
HRQOL in reference to adults who slept 7 h/d. Multivariable linear regression analysis was used to analyze the
shape of the association between sleep duration and
HRQOL after adjusting for potential confounding variables,
such as socioeconomic factors, health-related behavior,
comorbidities, and laboratory ﬁndings. Model 1 was adjusted for age, sex, eGFR, body mass index, hemoglobin,
serum albumin diabetes, hypertension, and cardiovascular
disease. Model 2 was adjusted for model 1 variables plus
24-hour urine protein, alcohol drinking, smoking, healthenhancing physical activity, marriage, low education, and
low income. Because a generalized additive model
provides a ﬂexible and effective technique for modeling
nonlinear data, we used a generalized additive model to
shape margin plots of the association between sleep
duration and HRQOL. Marginal effect was estimated by
margin command and plotted by the marginsplot command
in Stata software adjusted for the predictors in model 2.
Multivariable logistic regression analysis was used to

analyze the odds ratios (ORs) for poor HRQOL. All statistical analyses were performed using Stata Version 14
(StataCorp LP, College Station, TX).

Results
Participants and Characteristics
A total of 1910 adults with predialysis CKD completed
the SF-36 and the sleep questionnaire and underwent tests
for variables of interest at the baseline study of the KNOWCKD. The overall mean age was 52612 years old, and 62%
of participants were men. The mean eGFR was 53630
ml/min per 1.73 m2, and the median 24-hour urine protein
was 546 mg/d. Diabetes was present in 33% of participants,
and cardiovascular disease was present in 11% of participants. Adults in advanced CKD stage had low socioeconomic status, multiple comorbidities, lower hemoglobin,
and lower albumin level. PCS and MCS were lower with
advanced CKD stage. The overall sleep duration was
6.961.3 hours. Short sleepers accounted for 11% of participants, and long sleepers for accounted for 7% of participants. The proportion of long sleepers was higher in lower
eGFR than higher eGFR (P for trend ,0.001), but that of
short sleepers was not different (P for trend =0.66)
(Supplemental Table 1).
Sleep Duration and HRQOL
Table 1 presents the characteristics of the study subjects according to sleep duration. Adults with long sleep
duration had lower hemoglobin, lower albumin level, lower

Table 1. Baseline characteristics of 1910 adults with CKD on the basis of category of sleep duration
Characteristic
Age, yr
Men, %
eGFR, ml/min per 1.73 m2a
24-h Urine protein, mg/db
Alcohol drinking, %
Active smoking, %
Health-enhancing physical
activity, %
Body mass index, kg/m2
Hemoglobin, g/dla
Serum albumin, g/dla
Unmarried, %
Low income, %
Low education, %
Diabetes, %a
Hypertension, %b
Cardiovascular disease, %
Physical component summaryb
Mental component summary
Low physical component
summary, %
Low mental component
summary, %

Missing
Data, %

Sleep Duration, h
#5, n=204

6, n=498

7, n=567

8, n=504

$9, n=137

0
0
0
86 (5)
0
0
78 (4)

55612
52
54630
383 [130–1190]
30
14
38

53612
65
56632
501 [154–1313]
37
15
43

53612
64
55631
600 [178–1551]
39
17
44

53612
62
52631
600 [176–1781]
34
18
43

55613
59
39626
852 [286–2440]
34
17
35

0
0
0
46 (2)
27 (1)
0
0
0
0
0
0
0

24.763.4
12.961.9
4.260.4
18
34
29
29
92
7
67621
64621
27

24.663.3
13.161.9
4.260.5
17
19
20
30
96
12
75617
72617
12

24.263.3
13.062.1
4.260.4
15
18
20
30
96
9
76616
72616
9

24.463.4
12.762.0
4.260.4
16
25
26
35
97
12
71618
69618
18

25.163.5
11.962.0
4.060.5
18
39
31
48
99
18
62621
62620
32

0

25

11

13

16

30

Data are expressed as mean6SD or median [interquartile range].
a
P for trend ,0.001.
b
P for trend ,0.01.
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Figure 1. | Distribution of the physical component score (PCS) and the mental component score (MCS) of the Short Form-36 Health Survey
(SF-36) according to sleep duration in the 1910 adults with CKD.

eGFR, more prevalent diabetes, and more severe proteinuria. Seven-hour sleepers showed the highest scores on
the SF-36 (PCS, 76616 and MCS, 72616) and had the
lowest prevalence of low HRQOL (9% of low PCS and 13%
of low MCS). Short sleepers (#5 hours) and long sleepers
($9 hours) were more prevalent in the adults with low
HRQOL (27% and 32% of low PCS, respectively, and 25%
and 30% of low MCS, respectively) compared with 7-hour
sleepers. Adults with long sleep duration showed lower
PCS score than those with short sleep duration (P for trend
,0.01).
Sleep duration showed an inverted U-shaped relationship with SF-36 score and all subscale scores, and 7-hour
sleep duration was associated with the highest HRQOL
(Figure 1). In the relationships of sleep duration with PCS
and MCS using a generalized additive model, inverted

U-shaped associations were observed (Figure 2). When we
explored the nonlinear relationships of sleep duration with
HRQOL by multivariable linear regression model, short
sleepers had lower HRQOL (b=26.54; 95% CI, 29.56 to
22.94 for PCS; b=26.81; 95% CI, 29.98 to 23.64 for MCS)
and long sleepers had lower HRQOL (b=27.10; 95% CI,
210.53 to 213.67 for PCS; b=25.86; 95% CI, 29.47 to 22.26
for MCS) compared with 7-hour sleepers (Table 2). In the
multivariable logistic regression model, the short sleepers
had higher ORs for low HRQOL (OR, 3.23; 95% CI, 1.86 to
5.60 for PCS; OR, 2.37; 95% CI, 1.43 to 3.94 for MCS) and the
long sleepers had higher ORs for low HRQOL (OR, 2.80;
95% CI, 1.55 to 5.03 for PCS; OR, 2.08; 95% CI, 1.20 to 3.60
for MCS) compared with 7-hour sleepers. A U-shaped relationship was observed between sleep duration and low
HRQOL (Figure 3).

Figure 2. | Relationship of sleep duration with the physical component score (PCS) and the mental component score (MCS) compared with
referent 7-hour sleep duration predicted by multivariable regression model. Marginal effect was estimated by Stata software adjusted to the
predictors in model 2. 95% CI, 95% confidence interval.
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Table 2. Linear regression model for health-related quality of life by sleep duration in 1910 adults with predialysis CKD
Univariable
Sleep duration
Physical
component
summary
Sleep duration, h
£5

b

95% CI

b

95% CI

29.22

212.09 to 26.35;
P,0.001
22.78 to 1.54;
P=0.57
Reference
26.90 to 22.60;
P,0.001
217.23 to 210.53;
P,0.001
0.05

27.96

210.65 to 25.27;
P,0.001
22.60 to 1.40;
P=0.56
Reference
25.59 to 21.59;
P,0.001
212.73 to 26.44;
P,0.001
0.21

26.54

29.56 to 22.94;
P,0.001
22.94 to 1.39;
P=0.48
Reference
25.15 to 20.80;
P,0.01
210.53 to 23.67;
P,0.001
0.29

20.62

7
8

0.00
24.75

R2
Mental
component
summary
Sleep duration, h
£5

213.88

28.25

6

20.51

7
8

0.00
23.13

‡9
2

Model 2

95% CI

6

‡9

R

b

Model 1

a

210.24

211.13 to 25.38;
P,0.001
22.68 to 1.65;
P=0.64
Reference
25.29 to 20.98;
P=0.004
213.59 to 26.88;
P,0.001
0.03

a

20.60
0.00
23.59
29.58

27.95
20.78
0.00
22.53
27.80

210.79 to 25.12;
P,0.001
22.89 to 1.33;
P=0.47
Reference
24.64 to 20.42;
P=0.02
211.1 to 24.48;
P,0.001
0.10

a

20.78
0.00
22.97
27.10

26.81
20.52
0.00
21.34
25.86

29.98 to 23.64;
P,0.001
22.79 to 1.76;
P=0.66
Reference
23.62 to 0.94;
P=0.25
29.47 to 22.26;
P,0.001
0.19

Model 1 (n=1910) is adjusted for age, sex, eGFR, body mass index, hemoglobin, serum albumin, diabetes, hypertension, and cardiovascular disease. Model 2 (n=1748) is adjusted for model 1 variables plus 24-hour urine protein, alcohol drinking, smoking, healthenhancing physical activity, marriage, low education, and low income. 95% CI, 95% conﬁdence interval.
a
b is estimated using regression coefﬁcients from a linear regression model.

Figure 3. | Sleep duration categories show a U-shaped association with health-related quality of life. Logistic regression was adjusted for age,
sex, eGFR, body mass index, hemoglobin, serum albumin, diabetes, hypertension, and cardiovascular disease in model 1 and model 1 variables plus
24-hour urine protein, alcohol drinking, smoking, health-enhancing physical activity, marriage, low education, and low income in model 2.
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Subgroup Analyses
The association was not modiﬁed in selected subgroups
of age, sex, diabetes, eGFR, and cardiovascular disease. The
association between sleep duration and low HRQOL also
showed a U-shaped pattern in subgroup analysis (Table 3).

Discussion
In this cross-sectional study of adults with predialysis
CKD, HRQOL was lower and sleep duration was longer
with advanced CKD stage. Sleep duration had a U-shaped
association with low HRQOL, and 7-h/d sleep duration
showed the highest HRQOL. Short and long sleep durations have an association with low HRQOL in predialysis
CKD.
Sleep is well documented as an important contributor to
health, and it is regulated by neurohormonal factors and
sociocultural factors (2). There is growing evidence that
sleep duration and sleep disorders are related to cardiometabolic diseases, such as obesity (22), hypertension (23),
type 2 diabetes mellitus (24), and cardiovascular disease
(25). A meta-analysis study (8) showed a J-shaped association between sleep duration and all-cause mortality, and
both shortened and prolonged sleep durations were

863

associated with greater mortality compared with 7-hour
sleep duration in the general population. Sleep disorders,
such as insomnia, restless leg syndrome, periodic limb
movements, and sleep apnea, are common in patients with
CKD (5,9,26), in particular those with ESKD (27). Kidney
physiology is modulated by the sleep-wake cycle, including
molecular expression of nephrons (28), sodium reabsorption
(29), and glomerular ﬁltration (30). Thus, disturbance of
sleep and kidney function can have adverse effects on each
other. In a cross-sectional study of Chinese adults, worse
sleep quality was associated with high risk for CKD and
proteinuria (31). In an analysis of the Nurses’ Health Study,
self-reported sleep duration ,5 hours was associated with
faster decline in kidney function compared with sleeping 7–
8 hours in healthy women (11). In the Chronic Renal
Insufﬁciency Cohort Study, poor-quality sleep and short
sleep duration measured by actigraphy were risk factors for
CKD progression in individuals with CKD (12). However,
there is little known about the relationship between sleep
duration and HRQOL in predialysis CKD.
HRQOL is a patient-centered outcome on the basis of a
patient’s perception of physical, mental, and social wellbeing that is reﬂected by the World Health Organization’s
deﬁnition of health. Improving HRQOL is a key health

Table 3. Multivariable logistic regression models for low health-related quality of life by sleep duration in selected subgroups
Sleep duration, h
Group
Low physical component
summary
Age, yr
,65, n=1520
$65, n=390
Sex
Men, n=1179
Women, n=731
Diabetes
Yes, n=621
No, n=1298
eGFR, ml/min per 1.73 m2
,60, n=1237
$60, n=673
Cardiovascular disease
Yes, n=206
No, n=1704
Low mental component
summary
Age, yr
,65, n=1520
$65, n=390
Sex
Men, n=1179
Women, n=731
Diabetes
Yes, n=621
No, n=1298
eGFR, ml/min per 1.73 m2
,60, n=1237
$60, n=673
Cardiovascular disease
Yes, n=206
No, n=1704

#5

3.14 (1.65–5.98)
4.64 (1.49–14.47)
3.59 (1.59–8.13)
3.30 (1.53–7.11)
2.84 (1.26–6.38)
4.25 (1.84–9.80)
3.67 (1.96–6.87)
4.06 (0.93–17.75)
6.98 (1.13–43.03)
2.89 (1.60–5.20)

3.21 (1.79–5.73)
1.36 (0.43–4.26)
2.64 (1.26–5.55)
2.10 (1.01–4.39)
1.49 (0.66–3.41)
3.40 (1.74–6.62)
2.59 (1.44–4.64)
2.21 (0.71–6.93)
7.01 (0.81–60.46)
2.09 (1.22–3.57)

6

7

P for interaction =0.52
Reference
1.67 (1.00–2.80)
Reference
4.17 (1.56–11.16)
P for interaction =0.67
1.13 (0.57–2.26)
Reference
1.55 (0.82–2.95)
1.65 (0.83–3.31)
Reference
2.98 (1.56–5.70)
P for interaction =0.34
1.05 (0.55–1.99)
Reference
1.26 (0.69–2.30)
1.20 (0.91–4.31)
Reference
3.53 (1.71–7.30)
P for interaction =0.15
1.30 (0.76–2.23)
Reference
1.64 (0.99–2.96)
2.24 (0.62–8.07)
Reference
6.35 (1.87–21.58)
P for interaction =0.50
1.20 (0.30–4.79)
Reference
1.14 (0.28–4.58)
1.37 (0.81–2.30)
Reference
2.14 (1.33–3.45)
1.13 (0.64–2.00)
2.56 (0.94–6.91)

P for interaction =0.15
Reference
1.06 (0.66–1.72)
Reference
2.24 (0.87–5.75)
P for interaction =0.92
0.96 (0.52–1.77)
Reference
1.29 (0.73–2.28)
0.80 (0.46–1.77)
Reference
1.29 (0.69–2.43)
P for interaction =0.10
1.12 (0.60–2.10)
Reference
0.80 (0.43–1.48)
0.78 (0.40–1.50)
Reference
1.66 (0.94–2.95)
P for interaction =0.28
0.97 (0.58–1.62)
Reference
1.07 (0.67–1.73)
0.98 (0.37–2.59)
Reference
2.28 (0.92–5.64)
P for interaction =0.37
1.84 (0.35–9.59)
Reference
1.64 (0.30–8.94)
0.87 (0.54–1.41)
Reference
1.18 (0.77–1.82)
0.87 (0.52–1.46)
1.28 (0.49–3.38)

$9

8

2.30 (1.10–4.77)
5.44 (1.79–16.52)
2.56 (1.12–5.81)
3.28 (1.39–7.72)
2.10 (0.97–4.53)
4.93 (1.88–12.92)
2.32 (1.23–4.37)
12.44 (2.17–71.23)
3.45 (0.71–16.70)
2.69 (1.41–5.12)

1.88 (0.94–3.75)
3.44 (1.18–10.02)
2.55 (1.22–5.35)
1.73 (0.73–4.11)
1.96 (0.93–4.16)
2.33 (1.00–5.45)
1.76 (0.96–3.22)
9.15 (2.26–37.09)
6.00 (0.98–36.88)
1.72 (0.93–3.18)

Values are expressed as odds ratio (95% conﬁdence interval). Multivariable logistic regression is adjusted in model 2.
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goal. Many individuals with predialysis CKD are often
unaware of their disease before it becomes advanced CKD
and have nonspeciﬁc symptoms, such as fatigue or lack of
energy (15). It is uncertain if these symptoms are produced
by anemia, malnutrition, comorbidities, or the socioeconomic environment rather than decreased kidney function
itself. Poor HRQOL and its progression to poor outcome
have been well documented in patients on dialysis (13,32),
but the causes and consequences in predialysis CKD have
been a challenge (14). A cross-sectional study of advanced
CKD and ESKD (33) showed that sleep quality, daytime
sleepiness, and restless leg syndrome were associated with
profound fatigue. They suggested that sleep disorders
might be key to understanding fatigue in CKD and ESKD.
In this study, adults with predialysis CKD showed diminished HRQOL, and short or long sleep duration was
associated with low HRQOL. Sleep duration has an
important association with symptomatic burden in CKD.
Several potential mechanisms may have contributed to
the U-shaped association between sleep duration and poor
HRQOL. Short sleep duration has adverse effects on neuroendocrine function (5). Neuroendocrine dysfunction can
induce fatigue and lethargy in CKD. However, long sleep
duration may be associated with uncontrolled comorbidities, such as sarcopenia, malnutrition, and other chronic
diseases. In addition, long sleep duration has been linked
with sleep fragmentation and depression (34). Short or long
sleep duration may be associated with poor HRQOL by
different mechanisms (35).
There are several limitations to our study. First, the
KNOW-CKD was planned as a prospective observational
study, and these results were from an initial cross-sectional
study. A cross-sectional study cannot infer the causality.
The causation should be conﬁrmed by more rigorous studies. Second, HRQOL assessment is still difﬁcult and complex. There are cultural, geographic, generational, and
linguistic variations in the measurement of HRQOL. Universal standard methods to measure the HRQOL are
limited. Third, completion of the KDQOL-SF and sleep
duration questionnaires was voluntary, and therefore,
there could have been potential misclassiﬁcation. We analyzed the 1910 adults (85%) with predialysis CKD among
the 2238 enrolled KNOW-CKD participants. Fourth, selfreported sleep duration might not be objective, and a
single measure of sleep duration may not capture the
sustained effects on disease outcomes. Actigraphy or polysomnography, which objectively measure sleep duration,
was not performed in the study subjects. It is difﬁcult to
measure sleep duration, because disagreement between
subjective and actigraphic measures of sleep duration has
been reported (36), and intraindividual variability of sleep
duration has been recognized (37,38). Finally, we cannot rule out the possibility of residual or unmeasured
confounders, such as depression, untreated pain, or medication, although we considered various confounding factors in multivariable regression analysis. Despite
these limitations, our study has some strengths. The
KNOW-CKD is a nationwide CKD study in Korea, and
therefore, we were able to collect data from a large and wide
sample range. The KDQOL-SF questionnaire might have
common clinical applicability, and the measurements are
relatively inexpensive. Our study shows an association

between self-reported sleep duration and HRQOL in predialysis CKD.
In conclusion, sleep duration had a U-shaped association
with low HRQOL, and a 7-hour sleep duration showed the
highest HRQOL. Adequate sleep duration has an important association with HRQOL in predialysis CKD. Further
studies are necessary to evaluate health outcomes by improving sleep duration in adults with CKD.
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Supplemental Table 1. Baseline characteristics of 1910 adults with chronic kidney disease
based on estimated glomerular filtration rate (eGFR) stage.
GFR stage (ml/min/1.73m2)
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Supplemental Figure 1. Flowchart of 1910 study participants from the KoreaN cohort
study for Outcome in patients With Chronic Kidney Disease (KNOW-CKD).
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