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Abstract

Introduction The relationship between sleep duration and chronic kidney disease (CKD) has received relatively
little attention in the Kurdish community. Considering the ethnic diversity of Iran and the importance of the Kurdish
community, the present study investigated the association between sleep parameters and CKD among a large
sample of Iranian-Kurds.

Methods This cross-sectional study was conducted among 9,766 participants (M,q.: 47.33, SD=8.27, 51% female)
from the Ravansar Non Communicable Disease (RaNCD) cohort study database. Logistic regression analyses were

applied to examine the association between sleep parameters and CKD.

Results Results showed that prevalence of CKD was detected in 1,058 (10.83%) individuals. Time to fall asleep
(p=0.012) and dozing off during the day (p=0.041) were significantly higher in the non-CKD group compared to

the CKD group. Daytime napping and dozing off during the day in females with CKD were significantly more than
males with CKD. A long sleep duration (> 8 h/day) was associated with 28% (95% Cl: 1.05, 1.57) higher odds of CKD
compared to normal sleep duration (7 h/d), after adjusting for confounding factors. Participants who experienced leg
restlessness had a 32% higher probability of developing CKD than those who did not experience leg restlessness (95%
Cl: 1.03, 1.69).

Conclusion Results suggest that sleep duration and leg restlessness may be associated with an increased likelihood
of CKD. Consequently, regulating sleep parameters may play a role in improving sleep and preventing CKD.
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Introduction

According to the 2019 Global Disease Burden (GDB), the
age-standardized prevalence and death rate for Chronic
Kidney Disease (KD) are 8724 and 15.9 per 100,000 peo-
ple respectively. The percentage change in prevalence
and death between 1990 and 2017 was 1.2% and 2.8%,
respectively [1]. Thus, given the increasing prevalence of
CKD, identifying potential risk factors can be helpful in
preventing it.

Previous research showed that sleep parameters may
impact CKD. CKD is defined as an estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m2. Sleep param-
eters are defined as self-reported nighttime sleep hours,
sleep delays, sleep duration, morning wakeup hours, day
time naps, working night shifts, leg restlessness, and use
of sleeping pills [2]. Brindle et al. [3] found that a sleep
duration between 5 h 20 min and 7 h 6 min per night was
associated with a healthy sleep pattern, while more sleep
duration demonstrates better sleep health. However, pro-
longed sleep duration may cause CKD directly through
problems with the sympathetic nervous system and
angiotensin-aldosterone renin, and/or indirectly through
conditions like obesity, type 2 diabetes, and hypertension,
which are known CKD risk factors [4, 5]. The association
between sleep duration and CVD risk factors may also
be connected to devastating changes in kidney func-
tion and cardiometabolic disorders [2]. Yet, few studies
have examined the relationship between sleep duration,
albuminuria, and CKD. Indeed, kidney dysfunction is an
important risk factor for cardiovascular disease (CVD)
[5].

In their work examining the connection between sleep
problems and cardiometabolic conditions, Killick et
al. [6] found that sleep deprivation and deficiency can
increase endothelial dysfunction, a condition that occurs
in CKD. Thus, the prevalence of cardiometabolic disor-
ders is higher in short sleepers than in normal sleepers.
Still, very little is known about the impact of long sleep
duration on CKD and its associated ailments.

The autonomic nervous system, endothelial function,
and metabolism are all factors in CKD development,
and regulated by sleep [7], though hypertension is con-
sidered the most important risk factor for CKD. Thus,
the possibility of reducing blood pressure by altering
sleep duration has garnered recent interest. For exam-
ple, Gangwisch et al. [8] found a significant relation-
ship between short sleep duration and the development
of hypertension in cross-sectional and epidemiological
studies. However, relatively few studies have examined
the relationship between sleep duration and CKD [9-11].

A good night’s sleep is necessary for maintaining
hemostatic balance [12]. In some studies, the relationship
between sleep and CKD has been examined [9-11]. How-
ever, there is still insufficient information available in this
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regard. For instance, Petrov et al. [11] found a correlation
between shorter and longer sleep durations and higher
urine albumin-to-creatinine ratios in American adults.
Moreover, Petrov et al. (2016) showed that microalbu-
minuria and a higher glomerular filtration rate (eGFR)
were linked to short sleep duration. Yamamoto et al. [13]
reported that short sleep (less than 5 h) was associated
with a 28% increase in proteinuria (over an average of 2.5
years) among Japanese adults who had no impaired renal
function at baseline. In a meta-analysis study, Cheungpa-
sitporn and colleagues [14] showed that short sleep dura-
tion was associated with proteinuria, a surrogate marker
for kidney disease progression; although the association
was not statistically significant.

The present study sought to contribute knowledge
about relationship between sleep duration and the devel-
opment of CKD, particularly Kurdish region. Addition-
ally, there are concerns about poor health care access and
utilization in the Kurdish region of Iran [15], including
no information about the prevalence of CKD among this
population. Therefore, we conducted the present study to
investigate the association between the sleep parameters
and the CKD among adults in the Kurdish region of Iran.

Methods

Study design and populations

This cross-sectional study was conducted using data
from the baseline phase of the Ravansar Non-Commu-
nicable Disease (RaNCD) cohort study in Ravansar city,
Kermanshah province in west of Iran [16] and further
information is available at http://persiancohort.com and
in the cohort protocol. The RaNCD study is part of the
Prospective Epidemiological Research Studies in Iran
(PERSIAN). The RaNCD cohort study began in 2014
with the enrollment of 10,047 adults aged 35 to 65 years.
The Ethics Committee of Kermanshah University of
Medical Sciences approved the study, and all participants
provided oral and written informed consent. Participants
were excluded from the analyses if they were pregnant,
had cancer, or had missing data. Thus, the final sample
size for the analysis was 9,766 people (Fig. 1).

Data collection and measurements

Participants’ basic characteristics, including demo-
graphic data (age and gender), socioeconomic status
(SES), and lifestyle (smoking, alcohol consumption and
physical activity levels) was recorded using the PERSIAN
study digital questionnaires with trained experts at the
cohort center. Three categories for SES (lowest to high-
est) were generated by a principal component analysis
(PCA) with variables for education, economic well-being,
income, and type of residence. Physical activity was mea-
sured with a questionnaire about exercise, work, and
leisure-related physical activities based on the metabolic
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cohort study (n=10,047)

All participants included in the RaNCD

Exclusion

- Subjects with cancer (n=81)
- Pregnant women (n=1306)

v

- missing data (n=64)

9,766 Participants included to the study

(n=1,058)

e¢GFR < 60 ml/min/1.73 m? e¢GFR > 60 ml/min/1.73 m?

(n=8,708)

Fig. 1 Flow chart of study

equivalent of task (MET)/hours/day. Participants were
then classified into three groups of physical activity,
including low (24-36.5), moderate (36.6—44.4) and high
(=244.5) MET /hours/ day.

Blood urea nitrogen (BUN) and creatinine (Cr) were
measured using a Pars Azmoon kit (Pars Azmoon, Teh-
ran, Iran). Body mass index (BMI) and waist-to-hip ratio
(WHR) were measured with a bioimpedance Analyzer
(BIA) (InBody 770 Biospace, Korea).

Type 2 diabetes mellitus (T2DM) was defined as fast-
ing blood sugar (FBS) levels equal to or higher than
126 mg/dL and/or treatment with anti-diabetic medi-
cations. Hypertension was defined as a systolic blood
pressure (SBP)>140 mmHg and diastolic blood pres-
sure (DBP)>90 mmHg or participants taking medica-
tion for hypertension. Cardiovascular diseases (CVDs)
were defined as a history of ischemic heart disease (IHD),
heart failure and angina, stroke, myocardial infarction
(MI), and/or the current use of medication for CVDs.

Glomerular filtration rate calculation
The eGFR was calculated with the Modification of Diet in
Renal Disease (MDRD) according to the following equa-
tion [17]:

Men: 175 x Serum Cr ~ %% x age™ 0293,

Women: 175 X Serum Cr ~115% x age™02%x 0.742.

Decreased kidney function was defined as eGFR<60
mL/min/1.73m? according to the Kidney Disease
Improving Global Outcomes criteria for CKD.

Assessment of sleep parameters

In population-based studies, sleep parameters are usually
self-reported and not assessed objectively using devices
such as polysomnography [18]. Consistent with this
practice, data on self-reported habitual sleep parameters
in this study were collected using a standardized ques-
tionnaire, measuring nighttime sleep hours, time to fall
asleep, sleep duration, morning wakeup hours, daytime
naps, working night shift, leg restlessness, use of sleeping
pills use, and dozing off during the day. Sleep duration
was converted into four categories: very short (<5 h),
short (5-6 h), normal (7-9 h), and long (>9 h) [19, 20].
Day time napping was defined as taking daily naps (15
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to 60 min) three or more times per week. Working night
shift was defined as at least 6 h of work between 9PM and
6AM. Leg restlessness was defined as having a restless
feeling in the legs while asleep. Use of sleeping pills more
than 2 times per week was measured using a 4-point Lik-
ert-type scale, ranging from O (never) to 3 (always).

Statistical analysis

Descriptive data were reported as mean scores and stan-
dard deviations for continuous variables and counts and
percentages for categorical variables. An independent
samples ¢ test and chi-square test were used to compare
baseline characteristics between the two groups (CKD
and non-CKD). One-way ANOVA and chi-square tests
were used to compare the baseline characteristics and
sleep parameters. The association between sleep param-
eters and CKD development was assessed by logistic
regression modeling. A crude model was reviewed as well
as one that was adjusted for potential confounds, such as
age, gender, smoking status, alcohol intake, and physical
activity. P values of 0.05 and lower were regarded as sig-
nificant. Version 14.2 of STATA software was used for all
the analysis.

Results

Participants’ basic characteristics according to their
eGFR levels are shown in Table 1. A total of 9,766 par-
ticipants including (4703 men and 5063 women) were
examined.

Results showed that the mean age was 47.33 years,
with 6,341 (64.93%) aged 35—50 years and 3,425 (35.07%)
aged 51-65 years. The prevalence of CKD (eGFR<60
ml/min/1.73 m?) was 10.83% (1,058 participants). The
mean sleep duration was 7.10+1.23 h/d in total popu-
lations. Low physical activity among individuals with
CKD was significantly higher than the non-CKD. More-
over, the level of high physical activity in men of both
groups was significantly higher than women (p<0.001).
The prevalence of T2DM, hypertension and CVDs
among individuals with CKD was significantly higher
compared to non-CKD (p<0.001). Time to first fall
asleep was longer in the non-CKD group than in those
with CKD (p=0.012), and time spent dozing off during
the day was longer in the non-CKD group (p=0.041).
Results of the independent ¢ test showed a significant
difference between males and females for sleep dura-
tion (£#(9764)=7.13, p=0.001) and CKD (#(9764)=18.25,
p=0.001). Moreover, daytime napping and dozing off
during the day in women with CKD was significantly
more likely than among men with CKD. The length of
daytime naps and time to fall asleep is shown in Fig. 2 for
participants with and without CKD.

Table 2 displays the fundamental traits of the partici-
pants by category of sleep duration.
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The percentage of participants who slept less than 4 h
or 4—6 h was higher in the age group of 51-65 years. Long
sleep duration (>8 h/d) was higher in men than women.
In individuals who slept more than 8 h/d, 43% engaged in
light physical activity and 14% in vigorous physical activ-
ity (p<0.001). Nevertheless, the highest prevalence of
depression was observed among participants who slept
too long (>8 h/day). The eGFR levels were lower in indi-
viduals with <4 and >8 h/day sleep duration (P=0.002).
Participants with CKD’s sleep duration status are shown
in Fig. 3.

Table 3 displays results from the logistic regression
analysis examining the relationship between sleep and
CKD. Compared to normal sleep duration (6—8 h/d),
long sleep duration (>8 h/d) was significantly associated
with higher odds for CKD (OR:1.30, 95% CI:1.10, 1.56).
Thus, the longer the sleep, the higher the incidence of
CKD. After adjusting for age, gender, smoking, alcohol
consumption and physical activity long sleep duration
(>8 h/d) was also associated with 28% higher odds of
CKD (OR: 1.28; 95% CI: 1.05, 1.57) compared to normal
sleep duration (6—8 h/d). However, by controlling gender,
the relationship between sleep duration and CKD was
not significant (p >0.05). Time to fall asleep and dozing off
during the day was associated with higher odds for CKD,
although this relationship was not statistically significant.
Participants with leg restlessness had 32% higher odds of
CKD than those without leg restlessness (OR: 1.32; 95%
CI: 1.03, 1.69), after adjusting for confounding factors.

The other results were related to whether sleep dura-
tion might predict CKD. A logistic regression was per-
formed. The logistic regression output indicated the
overall regression was not statistically significant (OR:
1.03; 95% CI: 0.98, 1.09, p=0.22), suggesting that sleep
parameters cannot significantly predict variance in CKD.

Discussion

The present study demonstrated that sleep duration and
leg restlessness may be associated with an increased
likelihood of CKD among Iranian adults in the Kurdish
region. After adjusting for confounding factors, time of
falling sleep, daytime napping, dozing off during the day
and use of sleeping pills had no statistically significant
association with CKD.

Previous studies that examined the association between
sleep duration and kidney function have presented simi-
lar and inconsistent results with the results of the present
study. Ye et al. [21] found the association between sleep
duration and kidney health outcomes was U-shaped,
and daytime napping also had a negative effect on kid-
ney health. According to a cohort study in Taiwan [19]
lower sleep quality and duration scores were associated
with a higher possibility of CKD development. Moreover,
experienced difficulty falling asleep and use of sleeping
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Table 1 Baseline characteristics of participants according to glomerular filtration rate value (n=9,766)
Baseline characteristics Total CKD P Non- CKD P P
(eGFR<60 ml/min/1.73 m?) value* (eGFR=60 ml/min/1.73 m?) value* value
Men Women Men Women *x
Age
35-50 year 6341 (64.93) 76 (32.48) 358 (43.45) 0.003 3065 (68.58) 2842 (67.04) 0.124 <0.001
51-65 years 3425 (35.07) 158 (67.52) 466 (56.55) 1404 (31.42) 1397 (32.96)
Physical activity (Met/h/day)
Light 2956 (30.27) 87 (37.18) 226 (27.43) <0.001 1548 (34.64) 1095 (25.83) <0.001
Moderate 4625 (47.36) 78 14.31) 467 (56.67) 1359 (33.31) 2721 (64.19) 0.004
Vigorous 2185 (22.37) 69 (29.49) 131 (15.90) 1562 (34.95) 423 (9398)
Socioeconomic status
1(lowest) 3222(33.01) 76 (32.48) 550 (66.75) <0.001 852(19.07) 1744 (41.17) <0.001
2 3268 (33.48) 76 (32.48) 204 (24.76) 1459 (32.65) 1529 (36.10) <0.001
3(Highest) 3272 (33.52) 82 (35.04) 70 (8.50) 2157 (48.28) 963 (22.37)
Current smoker n (%) 1138 (11.71) 35(15.22) 29 (45.31) <0.001 1003 (93.39) 71 (1.68) <0.001 <0.001
Alcohol drinking n (%) 478 (4.89) 14 (5.98) 0 <0.001 462(10.34) 2(0.05) <0.001 <0.001
T2DM n (%) 845 (8.65) 39 (16.67) 97 (11.77) 0.048 344 (7.70) 365 (8.61) 0.120 <0.001
CVD n (%) 1658 (16.98) 71(30.34) 283 (34.34) 0.252 511(11.43) 793 (18.71) <0.001 <0.001
Hypertension n (%) 1543 (15.80) 84 (35.90) 212 (25.73) 0.002 610 (13.65) 637 (15.03) 0.066 <0.001
Depression n (%) 308 (3.15) 7(2.99) 41 (4.98) 0.198  90(2.01) 170 (4.01) <0.001 <0.001
Proteinuria (= 1+) 235 (2.36) 13 (5.56) 28 (3.41) 0.135 88 (1.97) 103 (2.43) 0.142 0.001
BUN (mg/dl) 13.62+4.21 17.32+6.58 13.97+£5.70 <0.001 14.77+3.83 12.13+£351 <0.001 <0.001
Creatinine (mg/dl) 0.99+0.22 1.53+0.61 1.14+033 <0.001 1.06+0.13 0.87+0.10 <0.001 <0.001
ALT (mg/dl) 2492+14.78 26.70+14.74 20.75+13.01 <0.001 2940+1648 2091+1145 <0.001 <0.001
AST (mg/dl) 2142+9.10 24.19+10.91 2138+7.95 <0.001 23.10+9.91 19.51+7.73 <0.001 0.026
GGT (mg/dl) 24.73+19.87 27.63+16.35 2297+18.19 <0.001 28.14+20.82 2131+£18.67 <0.001 0206
BMI (kg/mz) 2749+4.63 2646+3.81 27.84+4.94 <0.001 26.34+4.06 28.68+4.86 <0.001 0.650
WHR 0.94+0.10 0.94+0.06 0.94+0.05 0484  0.93+0.06 0.94+0.05 <0.001 0.113
Energy intake (calorie/d)  2651.91+95390 2703.37+854.26 206330+741.11 <0.001 3049.81+958.81 2343.98+806.89 <0.001 <0.001
Sleep duration (h/day) 710+£1.23 7.02+1.39 716+1.31 0.154 6.99+1.19 718+1.22 <0.001 0221
Time to fall asleep (Min) 2852+17.22 22.83+933 36.86+21.97 <0.001 2211+£1273 31.95+£21.19 <0.001 0012
Daytime napping n (%) 6166 (63.14) 169 (72.22) 526 (63.83) 0.017 2895 (64.78) 2576 (60.77) <0.001 0.068
Nap duration (Min) 66.21+46.02 73.01+52.31 65.41+43.81 0061  65.86+4831 66.31+£43.19 0719 0523
Night shift work n (%) 1155 (11.83) 48 (20.51) 5(0.61) <0.001 1073 (24.01) 29(0.68) <0.001 <0.001
Leg Restlessness n (%) 517 (5.29) 7(2.99) 36 (4.37) 0.637 199 (4.45) 275 (6.49) <0.001 0.104
Dozing off during the day 3253 (33.31) 72 (30.77) 310 (37.62) 0.054 1497 (33.50) 1374 (32.47) 0.282 0.041
n (%)
Use sleeping pills n (%) 211(2.16) 6 (2.56) 23(2.79) 0.851 66 (1.48) 116 (2.74) <0.001 0.169
Night sleep (hours) 1131+1.70 1524+1033 12.91+10.89 0003  11.15+11.08 9.23+£10.85 <0.001 0.003
Morning wakeup (hours)  6.62+1.20 6.00+1.22 641+1.18 <0.001 647+1.18 6.87+1.17 <0.001 <0.001

Data are shown mean=SD for continuous variables and yes/no data based on numbers and percent [n (%)] categorical variables.

*P- value was obtained t-test and Chi — square test for different between male and women

** P- value was obtained t-test and Chi - square test for different between two groups of CKD and non-CKD

Abbreviation: BMI: Body mass index, BUN: Blood Urea Nitrogen, CVD: Cardiovascular diseases, T2DM:Type 2 diabetes mellitus; WHR: Waist hip ratio

pills were associated with an increased risk of CKD.
While, in our study, data on sleep duration was collected
by self-reported questionnaires, the subjective-objective
discrepancies in sleep duration need to be considered.
Alfano et al. [22] found that subjective reports exhibited
low and non-significant correspondence with objective
sleep patterns and problems measured by an Actigraphy.
Therefore, these discrepancies should be considered in
interpret the present result.

Chronic Renal Insufficiency Cohort (CRIC) findings
have shown that shorter sleep duration and later sleep
timing were associated with lower eGFR in US adults
[23]. However, a cohort study conducted in Japan [24]
showed no association between sleep duration and kid-
ney functioning. Other studies suggest there may be
a bidirectional relationship between sleep duration
and kidney function. The proposed mechanism is that
increasing the activity of the sympathetic nervous system
in the body can lead to fragmented sleep and conversely,
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Table 2 Baseline characteristics of participants according to sleep duration (n=9,766)
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Baseline characteristics Sleep duration (h/d) P value*
<4 4-6 6-8 >8

Age
35-50 year 104 (1.64) 1324 (20.88) 4053 (63.92) 860 (13.56) <0.001
51-65 years 99 (2.89) 898 (26.22) 2067 (60.35) 361 (10.54)
Gender

Men 106 (2.25) 7(23.75) 3021 (64.24) 459 (9.76) <0.001

Women 97 (1.92) 1105 (21.83) 3099 (61.21) 762 (15.05)
Physical activity (Met/h/day)

Light 3(26.11) 569 (25.61) 1804 (29.48) 530 (43 41) <0.001

Moderate 85 (41.87) 1064 (47.88) 2961 (48.38) 5(42.18)

Vigorous (32 02) 589 (26. 51) 1355 (22.14) 176 (1441)
Current smoker n (%) 6(12.94) 268 (12.10) 726 (11.93) 18 (9.73) 0.004
Alcohol drinking n (%) (6 90) 7 (5. 27) 301 (4.92) 46 (3.77) 0.125
T2DM n (%) 24(11.82) 243 (10.94) 481 (7.86) 97 (7.94) <0.001
CVD n (%) 45(22.17) 453 (20.39) 988 (16.14) 172 (14.09) <0.001
Hypertension n (%) 34(1 6,75) 386 (17.37) 968 (15.82) 155 (12.69) 0.004
Depression n (%) 8(3.94) 55(2.48) 79(2.92) 66 (5.41) <0.001
Proteinuria (= 1+) 4(1.97) 42 (1.89) 157 (2.57) 29 (2.38) 0.340
Creatinine (mg/dl) 1.01+0.16 0.99+0.25 0.99+0.18 0.99+0.31 0910
BUN (mg/dl) 13.99+4.34 13.79+£4.46 13.64+4.04 13.11£4.51 <0.001
eGFR (ml/min/1.73 m?) 75.04+14.35 7640+ 14.24 7643+13.87 74.84+14.03 0.002
ALT (mg/dl) 25.72+£1892 2499+14.10 25.19+£15.10 2332+£13.63 <0.001
AST (mg/dl) 22.63+20.95 21.36+8.10 2146+849 21.08+10.26 0.134
GGT (mg/dl) 25.13+16.20 2542 +21.69 24.73+£19.27 2340+£19.85 0.040
BMI (kg/mz) 27.63+523 27.69+4.67 2748+4.60 27.11£4.58 0.005
WHR 0.94+0.10 0.94+0.06 0.94+0.06 0.94+0.06 0.703
Energy intake (kcal/d) 281431+119591 2702.18+1006.23 2646.63+29.13 2559.59+924.84 <0.001

*P- value was obtained Chi - square and one-way ANOVA tests
Abbreviation: BMI: Body mass index, BUN: Blood urea nitrogen, CVD: Cardiovascular diseases, T2DM:Type 2 diabetes mellitus; WHR: Waist hip ratio
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Fig. 3 Sleep duration status in participants with CKD

fragmented sleep activates the sympathetic nervous sys-
tem. This bidirectional relationship can create a circadian
rhythm and kidney dysfunction reinforcing each other
[23]. Furthermore, scientific evidence suggests that long
sleep duration is associated with subclinical inflamma-
tion and increased arterial stiffness, which can lead to
decreased kidney function over time [25-27]. In general,
sleep disturbances are common among patients with
chronic kidney disease. In line with our study, D’Onofrio
et al. (2017) found a relationship between kidney dis-
eases and sleep quality and suggested an interdisciplin-
ary approach to the issue, combining the expertise of
nephrologists and psychiatrists for people with CKD
[28].

Another factor that may mediate the association
between long sleep duration and kidney dysfunction is
sedentary lifestyle [29]. In the present study, low physi-
cal activity was significantly higher in participants with
eGFR<60 ml/min/1.73 m? However after adjusting for
physical activity the regression models did not reduce the
association between sleep duration and CKD. Therefore,
the hypothesis that physical activity could influence the
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relationship between sleep duration and CKD needs fur-
ther investigation.

Still, underlying pathways could be involved in the
association between sleep duration and kidney function.
Sleep disorders have been observed in obesity, decreased
insulin sensitivity, and hypertension. In turn, these con-
ditions can cause kidney dysfunction through abnormal
production of adipokines and hormones, hemodynamic
changes, and eventually glomerular hypertension [30—
32]. Indeed, several conditions have been proposed in
connecting sleep duration with cardiometabolic dysfunc-
tion including oxidative stress, inflammation, endothelial
dysfunction, and insulin resistance [33, 34]. For instance,
sleep durations (both short and long) lead to increased
risk for cardiometabolic dysfunction and metabolic syn-
drome and these can increase plasma glucose, dyslip-
idemia, and blood pressure which increases the risk for
developing CKD.

One population-based study of Chinese middle-aged
people showed that compared to those who did not nap,
daytime napping had a negative effect on kidney health.
Moreover, the odds of microalbuminuria (an early sign
of vascular damage) were 30-57% higher in those who
daytime napped [21]. Furthermore, daytime napping has
been positively associated with albuminuria in Japanese
populations [35]. In contrast, Lin et al. (2018) showed
that napping was not associated with CKD [36]. Accord-
ing to the results of the present study, daytime napping
was higher in CKD patients and women than in non-
CKD and men, although was not statistically significant.
The discrepancies in these results could possibly be due
to participant differences in race lifestyle, and health. For
example, Non-Hispanic Blacks and Mexican Americans
are at higher risk for albuminuria [37, 38]. Therefore,
future research should consider the level of risk for CKD
across different races and ethnicities.

Table 3 Association between the sleep parameters with the chronic kidney disease

Sleep parameters Crude Model 1 Model 2

OR (95% CI)* P value* OR (95% Cl) P value OR (95% Cl) P value
Sleep duration
6-8 h/d Ref. Ref. Ref.
<4 h/d 145(0.97,2.17) 0.070 1.18(0.77,1.81) 0436 1.13(0.73,1.74) 0.581
4-6 h/d 1.05 (0.90, 1.23) 0517 0.93(0.79, 1.10) 0377 0.92(0.78,1.10) 0.307
>8h/d 1.30(1.10, 1.56) 0.007 1.28 (1.06, 1.56) 0.014 1.28(1.05, 1.57) 0.013
Time to fall asleep (Min) 1.01(1.01, 1.03) 0.013 0.99(0.99,1.01) 0.178 0.99 (0,99, 1.01) 0.224
Day time nap n (%) 1.13(0.99, 1.30) 0523 1.01(0.99, 1.03) 0.703 1.01 (0.99, 1.03) 0.570
Night shift work n (%) 0.36 (0.27, 0.48) <0.001 0.98(0.72,1.34) 0.901 0.93(0.68,1.29) 0.702
Leg Restlessness n (%) 1.14(0.90, 1.46) 0.268 1.34(1.05, 1.71) 0.020 1.32(1.03, 1.69) 0.029
Dozing off n (%) 1.14(1.01, 1.31) 0.041 0.93 (0.81,1.07) 0.363 0.91(0.79,1.05) 0.203
Use sleeping pills n (%) 1.32(0.89, 1.96) 0.170 093 (0.61,141) 0.726 0.92 (0.61, 1.40) 0.718

* Odds Ratio (95% Confidence Interval) was obtained logistic regression models

Model 1: Adjusted for age and gender

Model 2: Adjusted for age, gender, smoking status, alcohol intake and physical activity
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The present study had two primary strengths. First, the
large sample size available for analysis. Second, to our
knowledge, it is the first study examining the prevalence
of and possible factors related to CKD in the Kurdish-Ira-
nian community. However, there were some limitations.
The design of the study was cross-sectional; therefore,
it was not possible to determine a cause-and-effect rela-
tionship. Though several potential confounds were con-
trolled in the analysis, residual confounding effects may
be present, such as hormonal effects and genetic char-
acteristics. Moreover, sleep parameters were measured
subjectively with self-reported measures, rather than
objectively. Still, whether measured objectively or sub-
jectively, some studies have shown inconsistent results
regarding the connection between sleep paramters and
CKD. Therefore, the combination of these measurement
methods could be beneficial in future research [7]. Ran-
domized clinical trials and longitudinal studies on differ-
ent populations and ethnicities are also recommended,
to confirm the association between sleep parameters and
CKD.

Conclusion

The key findings of the present study were that long sleep
duration and leg restlessness are significantly associated
with greater odds of CKD. Therefore, regulating sleep
duration could be a strategy to improve sleep and prevent
CKD. It is recommended that physicians consider asking
their patients to modify their sleep duration to poten-
tially may help to prevent the occurrence of CKD. How-
ever, population-based longitudinal studies on different
ethnic/racial groups are needed to better assess the asso-
ciation between sleep parameters and kidney function.

Acknowledgements

The authors thank the PERSIAN cohort Study collaborators and of Kermanshah
University of Medical Sciences. The Iranian Ministry of Health and Medical
Education has contributed to the funding used in the PERSIAN Cohort
through Grant no 700/534. We also thank Alexandra J. Bratty (AB Research
Consulting, Las Vegas, U.S.) for proofreading the manuscript,

Authors’ contributions
Equal.

Funding
This study was supported by the Kermanshah University of Medical Sciences,
Kermanshah, Iran.

Data Availability
The data analyzed in the study are available from the corresponding author
on reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
The Ethics Committee of Kermanshah University of Medical Sciences
approved the study (code: KUMS.REC.1394.318). All methods were carried out

Page 8 of 9

in accordance with relevant guidelines and regulations. All the participants
provided oral and written informed consent.

Consent for publication

For all details include data and images relating to an individual person, written
informed consent for the publication of these details and any potentially
identifiable images were obtained from that person.

Received: 5 October 2022 / Accepted: 19 April 2023
Published online: 17 May 2023

References

1. Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, Adebayo OM,
Afarideh M, Agarwal SK, Agudelo-Botero M. Global, regional, and national
burden of chronic kidney disease, 1990-2017: a systematic analysis for the
global burden of Disease Study 2017. The lancet. 2020;395(10225):709-33.

2. Maung SC, El Sara A, Chapman C, Cohen D, Cukor D. Sleep disorders and
chronic kidney disease. World J Nephrol. 2016;5(3):224-32.

3. Brindle RC, Yu L, Buysse DJ, Hall MH. Empirical derivation of cutoff values for
the sleep health metric and its relationship to cardiometabolic morbidity:
results from the Midlife in the United States (MIDUS) study. Sleep 2019, 42(9).

4. 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):823-33.

5. Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B, Griffith JL, Salem DN,
Levey AS, Sarnak MJ. Chronic kidney disease as a risk factor for cardiovascular
disease and all-cause mortality: a pooled analysis of community-based stud-
ies. J Am Soc Nephrol. 2004;15(5):1307-15.

6. Killick R, Stranks L, Hoyos CM. Sleep Deficiency and Cardiometabolic Disease.
Clin Chest Med. 2022;43(2):319-36.

7. Tobaldini E, Fiorelli EM, Solbiati M, Costantino G, Nobili L, Montano N. Short
sleep duration and cardiometabolic risk: from pathophysiology to clinical
evidence. Nat reviews Cardiol. 2019;16(4):213-24.

8. Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering TG,
Rundle AG, Zammit GK, Malaspina D. Short sleep duration as a risk factor for
hypertension: analyses of the first National Health and Nutrition Examination
Survey. Hypertension. 2006;47(5):833-9.

9. Kim CG-W, Chang Y, Sung E, Yun KE, Jung H-S, Ko B-J, Kwon M-J, Hyun YY, Lee
K-B, Kim H. Sleep duration and quiality in relation to chronic kidney disease
and glomerular hyperfiltration in healthy men and women. PLoS ONE.
2017;12(4):e0175298.

10.  Nakajima H, Hashimoto Y, Okamura T, Obora A, Kojima T, Hamaguchi M, Fukui
M. Association between sleep duration and incident chronic kidney disease:
a population-based cohort analysis of the NAGALA Study. Kidney and Blood
Pressure Research. 2020;45(2):339-49.

11. Petrov ME, Buman MP, Unruh ML, Baldwin CM, Jeong M, Reynaga-Ornelas
L, Youngstedt SD. Association of sleep duration with kidney function and
albuminuria: NHANES 2009-2012. Sleep Health. 2016,2(1):75-81.

12. Saper CB, Cano G, Scammell TE. Homeostatic, circadian, and emotional
regulation of sleep. J Comp Neurol. 2005;493(1):92-8.

13. Yamamoto R, Nagasawa Y, Iwatani H, Shinzawa M, Obi Y, Teranishi J, Ishigami
T, Yamauchi-Takihara K, Nishida M, Rakugi H. Self-reported sleep duration
and prediction of proteinuria: a retrospective cohort study. Am J Kidney Dis.
2012;59(3):343-55.

14.  Cheungpasitporn W, Thongprayoon C, Gonzalez-Suarez ML, Srivali N,
Ungprasert P, Kittanamongkolchai W, Caples SM, Erickson SB. The effects of
short sleep duration on proteinuria and chronic kidney disease: a systematic
review and meta-analysis. Nephrol Dialysis Transplantation. 2017;32(6):991-6.

15. Yari A, Nedjat S, Asadi-Lari M, Majdzadeh R. Perceptions about Iranian-Kurds'
ethnic-inequality in health. BMC Int health Hum rights. 2017;17(1):24.

16. PasdarY, Najafi F, Moradinazar M, Shakiba E, Karim H, Hamzeh B, Nelson M,
Dobson A. Cohort Profile: Ravansar Non-Communicable Disease cohort
study: the first cohort study in a Kurdish population. Int J Epidemiol 2019,
48(3):682-683 f. doi:610.1093/ije/dyy1296.

17. Zabell JR, Larson G, Koffel J, Li D, Anderson JK, Weight CJ. Use of the modifica-
tion of Diet in Renal Disease equation for estimating glomerular filtration rate
in the urologic literature. J Endourol. 2016;30(8):930-3.



Hemati et al. BMC Nephrology

20.

21.

22.

23.

24,

25.

26.

27.

28.

(2023) 24:136

Munzel T, Camici GG, Maack C, Bonetti NR, Fuster V, Kovacic JC. Impact of
oxidative stress on the heart and vasculature: part 2 of a 3-Part series. J Am
Coll Cardiol. 2017;70(2):212-29.

Bo Y, Yeoh E-k, Guo C, Zhang Z, Tam T, Chan T-C. Chang L-y, Lao XQ: Sleep
and the risk of chronic kidney disease: a cohort study. J Clin Sleep Med.
2019;15(3):393-400.

Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK, Marcus CL, Mehra
R, Parthasarathy S, Quan SF. Rules for scoring respiratory events in sleep:
update of the 2007 AASM manual for the scoring of sleep and associated
events: deliberations of the sleep apnea definitions task force of the Ameri-
can Academy of Sleep Medicine. J Clin Sleep Med. 2012;8(5):597-619.

Ye, Zhang L, Yan W, Wang A, Wang W, Gao Z, Tang X, Yan L, Wan Q, Luo

Z. Self-reported sleep duration and daytime napping are associated with
renal hyperfiltration and microalbuminuria in an apparently healthy chinese
population. PLoS ONE. 2019;14(8):e0214776.

Alfano CA, Patriquin MA, De Los Reyes A. Subjective - objective sleep com-
parisons and discrepancies among clinically-anxious and healthy children. J
Abnorm Child Psychol. 2015;43(7):1343-53.

Knutson KL, Lash J, Ricardo AC, Herdegen J, Thornton JD, Rahman M, Turek N,
Cohan J, Appel LJ, Bazzano LA. Habitual sleep and kidney function in chronic
kidney disease: the chronic renal insufficiency cohort study. J Sleep Res.
2018,27(2):283-91.

Sasaki S, Yoshioka E, Saijo Y, Kita T, Tamakoshi A, Kishi R. Short sleep duration
increases the risk of chronic kidney disease in shift workers. J Occup Environ
Med. 2014;56(12):1243-8.

Bash LD, Erlinger TP, Coresh J, Marsh-Manzi J, Folsom AR, Astor BC. Inflamma-
tion, hemostasis, and the risk of kidney function decline in the atherosclerosis
risk in Communities (ARIC) Study. Am J Kidney Dis. 2009;53(4):596-605.

Kim C-W, Chang Y, Zhao D, Cainzos-Achirica M, Ryu S, Jung H-S, Yun KE, Choi
Y, Ahn J, Zhang Y. Sleep duration, sleep quality, and markers of subclinical
arterial disease in healthy men and women. Arterioscler Thromb Vasc Biol.
2015,;35(10):2238-45.

Patel SR, Zhu X, Storfer-Isser A, Mehra R, Jenny NS, Tracy R, Redline S. Sleep
duration and biomarkers of inflammation. Sleep. 2009;32(2):200-4.
D'Onofrio G, Simeoni M, Rizza P, Caroleo M, Capria M, Mazzitello G, Sacco T,
Mazzuca E, Panzino MT, Cerantonio A, et al. Quality of life, clinical out-

come, personality and coping in chronic hemodialysis patients. Ren Fail.
2017,39(1):45-53.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

Page 9 of 9

Hawkins MS, Sevick MA, Richardson CR, Fried LF, Arena VC, Kriska AM. Associa-
tion between physical activity and kidney function: National Health and
Nutrition Examination Survey. Med Sci Sports Exerc. 2011;43(8):1457-64.
Balbo M, Leproult R, Van Cauter E. Impact of sleep and its disturbances on
hypothalamo-pituitary-adrenal axis activity. International journal of endocrinol-
ogy 2010, 2010.

Lee JW. Obesity and chronic kidney disease: what should pediatric nephrolo-
gists know? Clin experimental Pediatr. 2021,64(10):521.

Wong PM, Manuck SB, DiNardo MM, Korytkowski M, Muldoon MF. Shorter
sleep duration is associated with decreased insulin sensitivity in healthy
white men. Sleep. 2015;38(2):223-31.

Sverdlov AL, Figtree GA, Horowitz JD, Ngo DT. Interplay between oxidative
stress and inflammation in Cardiometabolic Syndrome. Mediat Inflamm.
2016;2016:8254590.

Dejenie TA, MT GM, Admasu FT, Adella GA, Enyew EF, Kifle ZD, Seid MA,
Mengstie MA, Abebe EC. Impact of objectively-measured sleep duration

on cardiometabolic health: a systematic review of recent evidence. Front
Endocrinol. 2022;13:1064969.

Franke FJ, Arzt M, Kroner T, Gorski M, Heid IM, Boger CA, Jung B, Zeman

F, Stadler S, Group DS. Daytime napping and diabetes-associated kidney
disease. Sleep Med. 2019;54:205-12.

Lin M, Su Q,Wen J, Wei S, Yao J, Huang H, Liang J, Li L, Lin W, Lin L. Self-
reported sleep duration and daytime napping are associated with renal
hyperfiltration in general population. Sleep and Breathing. 2018;22(1):223-32.
Jean-Louis G, Youngstedt S, Grandner M, Williams NJ, Sarpong D, Zizi F, Oge-
degbe G. Unequal burden of sleep-related obesity among black and white
Americans. Sleep health. 2015;1(3):169-76.

Nunes J, Jean-Louis G, Zizi F, Casimir GJ, von Gizycki H, Brown CD, McFarlane
SI. Sleep duration among black and white Americans: results of the National
Health interview survey. J Natl Med Assoc. 2008;100(3):317-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between sleep parameters and chronic kidney disease: findings from iranian ravansar cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and populations
	﻿Data collection and measurements
	﻿﻿Glomerular filtration rate calculation﻿
	﻿Assessment of sleep parameters
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


