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Objective: Weekend sleep duration is linked to health issues, including mortality. However, how weekend sleep duration can impact
chronic kidney disease (CKD) still needs to be understood. Therefore, we aimed to analyze how weekend sleep duration is associated
with kidney function.

Methods: This is a cross-sectional study. Data were obtained from the 2017-2018 National Health and Nutrition Examination Survey.
We included 5362 study participants and categorized them into nine subgroups by sleep duration (short: <6 hours, normal: 6-9 hours,
and long: >9 hours) on weekdays and weekends and analyzed for the respective association with renal function using stratified
multivariable linear regression.

Results: Weekend sleep duration for 9 hours or more was associated with decreasing estimated glomerular filtration rate (eGFR)
levels by 2.8 to 6.4 mL/min/1.73 m> among people with long to short weekday sleep duration compared with short weekday and
weekend sleep durations (control group) after adjusting for demographic characteristics, body measurement, sleep quality, smoking,
and comorbidities. The study population with short weekday sleep duration (sWK) and long weekend sleep duration (IWD) had the
most significant decline in eGFR. For the study population with sWK, eGFR level significantly decreased by 1.1 mL/min/1.73 m? as
sleep duration on weekends increased by one hour.

Conclusion: The underlying mediators of IWD and CKD could be the dysregulation of human behaviors, metabolism, or biological
functions. Longer weekend sleep duration was linked to a decrease in eGFR levels. It warrants further study to clarify the mediators.
Keywords: weekend sleep duration, kidney function, national health and nutrition examination survey, estimated glomerular filtration
rate, eGFR, chronic kidney disease, CKD

Introduction

Chronic kidney disease (CKD) is characterized by progressive damage and loss of kidney function over time, affecting
more than 10% of the global population." CKD, a well-known cardiovascular risk factor associated with all-cause
mortality, has imposed a significant socioeconomic burden.” Although the etiology of CKD remains to be elucidated, it
has been linked with numerous biological (eg, age, medication, diabetes, hypertension, and obesity), environmental (eg,
environmental pollutants, heavy metals, agricultural chemicals), and lifestyle factors (eg, sleep and dietary behaviors,
physical activity, tobacco smoking).** Among these factors, lifestyle factors are the most amenable to making behavioral

modifications for preventing and/or slowing CKD progression.”

Nature and Science of Sleep 2024:16 85-97 85
Received: 15 August 2023 © 2024 Wu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 21 December 2023
Published: 2 February 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8772-011X
http://orcid.org/0000-0003-0692-7408
http://orcid.org/0000-0002-7062-8560
http://orcid.org/0000-0002-1801-7041
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wu et al Dove

Graphical Abstract

c |
manes

National Health and Nutrition Examination Survey’

All participants
in 2017~2018

Sleep duration & Kidney function

Weekdays
[ —
Weekends
$-* Y=+ [ —
A
( © c ‘ eGFR level
“ Weekdays
N ]
2VEEUN OIS Weekends Sleep duration
(C e —
Reference group 6h 9h

Many investigators have reported that sleep deficiency, including shorter or longer sleep duration (<6 hours or >8
hours) and poor sleep quality, is a significant risk for renal function deterioration.® Moreover, untreated sleep deficiency
may contribute to chronic activation of the sympathetic nervous system, endothelial dysfunction, and systemic inflam-
mation and such physiological alterations can contribute to CKD development and progression.” Therefore, there is
a growing interest in studying sleep and its associations with renal health outcomes, particularly for an estimated
glomerular filtration rate (eGFR) to prompt kidney health and prevent CKD-associated comorbidities.

Social factors such as work/school schedules can influence habitual sleep due to family and/or work commitments and social
expectations surrounding daily routines.® As a result, social factors shape sleep behaviors termed “social jetlag”, where weekday
sleep debts and weekend catch-up sleep lead to irregular sleep-wake patterns between weekdays and weekends.” Emerging
evidence has suggested weekday-to-weekend sleep irregularity may contribute to enormous adverse impacts on health. For
example, short weekend sleep was associated with increased mortality in subjects <65 years.'” Weekend catch-up sleep was
associated with poor sleep quality and mental health issues.!" While prior studies have reported the association between the
length of sleep duration and decreased eGFR, it remains unknown whether and how the weekday-to-weekend difference in sleep
duration influences renal health outcomes. In light of what has been reported in the literature, we used data from the National
Health and Nutrition Examination Survey (NHANES) to examine the relationships of kidney function with weekday and
weekend sleep duration.
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Methods

Ethics Statement
In accordance with ethical guidelines, this study was reviewed and determined to be exempt from full IRB review by Tri-
Service General Hospital Institutional Review Board in Taiwan (IRB, TSGHIRB approval number: E202316032).

Data Source

We conducted a cross-sectional analysis using data from the NHANES survey. The NHANES is a broad research
program that assesses the health and nutritional status of individuals, encompassing adults and children in the United
States. Initiated in the early 1960s, it occurs regularly, tracking and assessing changes in national health and nutrition
trends every two years. The survey annually examines a nationally representative sample of 5000 persons. The NHANES
interview covers demographic, socioeconomic, dietary, and health-related questions. The examination component
involves medical, dental, and physiological measurements, as well as laboratory tests administered by highly trained
medical personnel. NHANES protocols were approved by the National Center for Health Statistics Ethics Review Board
and written informed consent was obtained from all participants. The analysis workflow is shown in Figure 1. We
included all participants (N = 9254) participated in the 2017-2018 cycle of the NHANES survey. After excluding
missing data, there are 1859 participants included in multivariable analysis.

Demographic and Clinical Characteristics

Demographic variables age, sex, race, education, and body mass index (BMI). The Body measures data were collected in
the Mobile Examination Center (MEC) by trained health technicians. In addition, sleep difficulty (Have you ever told
doctor had trouble sleeping?), smoking status, cotinine metabolite (serum hydroxycotinine), kidney function indicators
(eGFR, blood urea nitrogen, serum creatinine, and albumin creatinine ratio), and comorbidities (kidney failure, kidney
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Figure | Analysis workflow.
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stones, congestive heart failure, stroke, emphysema, high blood pressure, and cholesterol) were included as clinical
variables.

Sleep Measures

Sleep information were obtained through NHANES survey questions administered in participants’ homes by trained
interviewers utilizing the Computer-Assisted Personal Interview system. The number of hours slept on weekdays and
weekends is determined by calculating the stated normal sleep time and waking time throughout the major sleeping phase
(night or day). Participants who experienced intermittent awakenings or brief sleep durations at night or throughout
the day were instructed to provide details on the specific times they slept and woke up during their primary sleep phase.
In the context of this study, weekdays, referred to as workdays, represent the days when study subjects are actively
engaged in work, while weekends indicate the days when study subjects are not on duty.

Sleep duration variables included: (1) sleep duration on weekdays (WK), defined as the average sleep hours (h) on
weekdays or workdays; (2) sleep duration on weekends (WKD), defined as the average sleep hours on weekend or non-
workdays; and (3) weekend catch-up sleep is calculated by subtracting the duration of sleep on weekdays (h) from that on
weekends (h). Further, sleep duration was categorized as three sleep duration categories: <6 h (short sleep duration), >6
to <9 h (normal sleep duration), and >9 h (long sleep duration).

To investigate weekday-to-weekend sleep duration differences, the participants were divided into nine sleep sub-
groups based on the combinations of sleep duration categories on weekdays and weekends. They are (1) short weekday
sleep duration and short weekend sleep duration, termed as sSWK-sWKD (2) short weekday sleep duration and normal
weekend sleep duration, abbreviated as sWK-nWKD, (3) short weekday sleep duration and long weekend sleep duration,
abbreviated as sSWK-IWKD, (4) normal weekday sleep duration and short weekend sleep duration, abbreviated as nWK-
sWKD, (5) normal weekday sleep duration and normal weekend sleep duration, abbreviated as nWK-nWKD, (6) normal
weekday sleep duration and long weekend sleep duration, abbreviated as nWK-IWKD, (7) long weekday sleep duration
and short weekend sleep duration, abbreviated as IWK-sWKD, (8) long weekday sleep duration and normal weekend
sleep duration, abbreviated as IWK-nWKD, and (9) long weekday sleep duration and long weekend sleep duration,
abbreviated as IWK-IWKD.

Renal Function

We used the R package of “CKDEpi.creat'>” to calculate eGFR using the data of serum creatinine, sex, age, and ethnicity
based on the following CKD-EPI equation: GFR = 141 x min(Sc;/k, 1)*xmax(Sc:/k, 1) 2% x0.9934¢x1.018
[if female]x 1.159]if black], where Sc, is the standardized serum creatinine in mg/dL, « is 0.7 for females and 0.9 for
males, a is —0.329 for females and —0.411 for males, min indicates the minimum of Sc, /k or 1, and max indicates the
maximum of Sc, /k or 1. In this study, eGFR values were presented in mL/min/1.73 m>.

As the distributions of renal functions were skewed, we used the R package “bestNormalize” to normalize data. Blood
urea nitrogen (mmol/L) was normalized using center-scale transformation. The levels of serum creatinine (umol/L),
albumin—creatinine ratio (mg/g), and serum hydroxycotinine (ng/mL) were normalized using log transformation. The
descriptive statistics of the testing index are presented as non-normalized figures for clinical use. Transformed figures
were used in the linear regression models.

Statistical Analysis

We used R version 4.0.2 to perform all statistical analyses. We performed an analysis of variance (ANOVA) or ){2 to
examine the differences among sWK, nWK, and IWK subgroups or among sWD, nWD, and 1WD subgroups in
demographic and clinical characteristics. Univariable and multivariable linear regression analyses were used to examine
the relationship of eGFR (the renal function indicator) with weekday and weekend sleep durations. In addition to eGFR,
significant demographic characteristics (age, gender, race, and education), body measurement, sleep quality, smoking,
and comorbidities were included as covariates in sequential multivariable linear regression models. The association of
sleep duration on weekdays/weekends, age, and eGFR levels were analyzed using Pearson correlation. The significant
level, a is set to 0.05. An alluvial plot was drawn through the R package of “ggalluvial” to display the population
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distribution stratified by sleep duration and eGFR levels. Forest plots were used to present the difference in eGFR levels
among the sleep duration subgroups and plotted using the R package of “forestplot”.

Results

Descriptive Statistics
Indicators of demographics, sleep difficulty, smoking status, and kidney function were compared among the three sleep
duration categories on weekdays and weekends. The result was shown in Table 1. Both weekday and weekend sleep
durations were significantly associated with age (p < 0.001), sex (p < 0.001), BMI (p < 0.05), race (p < 0.001), education
levels (p < 0.001), sleep difficulty (p < 0.001), and smoking (p < 0.01). Of note, weekend sleep duration was associated
with eGFR levels (p < 0.001), and blood urea nitrogen (p < 0.001), while weekday sleep duration was not.
CKD-related comorbidities, including kidney failure, kidney stones, urinary incontinence, times of nocturia, con-
gestive heart failure, stroke, emphysema, high blood pressure, and high cholesterol, were associated with weekday and/or
weekend sleep durations (Table 2). We thus included these covariates in the multivariable linear regression models.
Figure 2 illustrates the raw eGFR levels within the nine subgroups delineated by combinations of sleep duration
categories (short [s], normal [n], long sleep duration [l] on weekdays [WK], or weekends [KD], respectively). The
estimated average eGFR levels were the lowest in the subgroup of sSWK-sWKD (89.4 + 25.3 mL/min/1.73 m?) and were
the highest in the subgroup of sSWK-IWKD (106 + 22.3 mL/min/1.73 m?). The proportions of eGFR levels of <90 mL/
min/1.73 m? in the sleep subgroups of sWK-sWKD, nWK-nWKD, and IWK-IWKD were 48.9%, 45.1%, and 43.5%,
respectively.

Sensitivity Analysis

Figure 3 presents the results of multivariable linear regression of eGFR levels with nine sleep subgroups (n = 1859). The
model was under the adjustment of BMI, age, gender, race, education, failing kidneys, serum hydroxycotinine (ng/mL),
smoking status, congestive heart failure, stroke, emphysema, sleep difficulty, weekend catch-up sleep, high blood
pressure, high cholesterol, times of nocturia, kidney stones, and urinary incontinence. The decreasing trends of eGFR
levels were observed from sWKD to IWKD among all subgroups in the adjusted model. No matter how long the subjects
slept on weekdays, longer weekend sleep durations were significantly associated with eGFR declines. Participants in
sWK-IWKD subgroup were significantly associated with the lowest eGFR level (B: —6.4, 95% CI: —11.8~ —0.9, p = 0.02)
compared to those in sSWK-sWKD. The strength of eGFR declines in sWK ( = —6.4 for sWK-IWKD with p =0.02; § =
—5.0 for sWK-nWKD with p = 0.02) was more evident than those in nWK (§ = —1.9 for sWK-nWKD with p=0.11; B =
—3.8 for sWK-IWKD with p = 0.03) and IWK (B = —3.6 for sWK-nWKD with p = 0.10; p = —2.8 for sWK-IWKD with
p = 0.04).

Figure 4 presents the results of stepwise adjusted linear regression models used to examine the association of eGFR
levels with sleep duration on weekends. The result under the unadjusted model (Model 1, n = 5362) demonstrated that
long sleep duration on weekends was associated with higher eGFR levels. Model 2 was adjusted by BMI, age, gender,
race, and education (n = 4779). Model 3 was adjusted for the covariates in Model 2, BMI, age, gender, race, education,
kidney failure, serum hydroxycotinine (ng/mL), smoking status, congestive heart failure, stroke, emphysema, sleep
difficulty, high blood pressure, high cholesterol, times of nocturia, kidney stones, and urinary incontinence (n = 1859). In
the adjusted Model 3, short sleep duration on weekdays but longer sleep duration on weekends was associated with lower
eGFR levels (B = —1.1, p < 0.05).

Age was a strong factor negatively associated with eGFR levels (p < 2e-16, Pearson correlation coefficient r = —0.75)
(Figure S1). The average eGFR levels of four age groups [<20, 20-39, 40-59, and above 60 years of age] were 136.2
+18.8, 112.9+17.0, 95.3+17.4, and 74.7+19.8 mL/min/1.73 m?, respectively (Figure S2). We conducted the sensitivity
analysis of the nine sleep subgroups and eGFR levels, stratified by age, and adjusted by BMI, age, gender, race,
education, kidney failure, serum hydroxycotinine (ng/mL), smoking status, congestive heart failure, stroke, emphysema,
catch-up sleep, sleep difficulty, high blood pressure, high cholesterol, times of nocturia, kidney stones, and urinary
incontinence (Figure 5). No statistical difference was shown in eGFR levels among the nine sleep subgroups aged 40-59
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Table 1 Comparsions of Demographics, Sleep Difficulty, Smoking Status, and Kidney Function Indicators by Three Sleep Duration Categories on Weekdays and Weekends

Sleep Duration on Weekdays (n= 6113)

Sleep Duration on Weekends (n= 6104)

Short < 6h Normal 6-9h Long 29 h P-value Short < 6h Normal 6-9h Long 29 h P-value
(n=1118) (n=3496) (n=1499) (n=691) (n=2749) (n=2664)
Age 48.5 (17.8) 47.6 (19.2) 49.1 (22.0) * 51.6 (18.0) 51.0 (18.8) 44.3 (20.3) ok
Sex sk ek
Male 606 (54.2%) 1700 (48.6%) 658 (43.9%) 394 (57.0%) 1366 (49.7%) 1196 (44.9%)
Female 512 (45.8%) 1796 (51.4%) 841 (56.1%) 297 (43.0%) 1383 (50.3%) 1468 (55.1%)
BMI (kg/m?) 30.3 (8.10) 29.4 (7.26) 28.9 (7.29) woHE 30.1 (8.37) 29.5 (7.15) 29.2 (7.48) *
Race ook sk
Mexican American 136 (12.2%) 487 (13.9%) 223 (14.9%) 59 (8.54%) 319 (11.6%) 464 (17.4%)
Other Hispanic 105 (9.39%) 309 (8.84%) 140 (9.34%) 55 (7.96%) 222 (8.08%) 277 (10.4%)
Non-Hispanic White 314 (28.1%) 1251 (35.8%) 538 (35.9%) 215 (31.1%) 1054 (38.3%) 832 (31.2%)
Non-Hispanic Black 367 (32.8%) 697 (19.9%) 335 (22.3%) 246 (35.6%) 571 (20.8%) 580 (21.8%)
Other Race 196 (17.5%) 752 (21.5%) 263 (17.5%) 116 (16.8%) 583 (21.2%) 511 (19.2%)
Education level ok K
Less than 9th grade 91 (8.70%) 240 (7.57%) 139 (10.8%) 47 (7.11%) 184 (7.08%) 238 (10.6%)
9—11th grade 127 (12.1%) 310 (9.77%) 196 (15.2%) 87 (13.2%) 246 (9.47%) 298 (13.3%)
High school graduate/GED or equivalent 275 (26.3%) 704 (22.2%) 332 (25.7%) 194 (29.3%) 565 (21.7%) 548 (24.5%)
Some college or AA degree 361 (34.5%) 994 (31.3%) 410 (31.7%) 218 (33.0%) 849 (32.7%) 696 (31.1%)
College graduate or above 192 (18.4%) 924 (29.1%) 216 (16.7%) 115 (17.4%) 755 (29.0%) 461 (20.6%)
Sleep difficulty bk bk
Yes 346 (30.9%) 837 (23.9%) 417 (27.9%) 268 (38.8%) 707 (25.7%) 627 (23.6%)
No 772 (69.1%) 2658 (76.1%) 1078 (72.1%) 422 (61.2%) 2042 (74.3%) 2033 (76.4%)
Smoking status ok ok
Every day 202 (41.3%) 409 (32.4%) 186 (32.2%) 153 (42.5%) 363 (33.8%) 279 (31.3%)
Some days 50 (10.2%) 116 (9.19%) 46 (7.97%) 29 (8.06%) 94 (8.76%) 87 (9.75%)
Not at all 237 (48.5%) 737 (58.4%) 345 (59.8%) 178 (49.4%) 616 (57.4%) 526 (59.0%)
Serum hydroxycotinine (ng/mL) # 30.9 (82.0) 17.3 (49.6) 21.4 (58.8) ok 38.7 (80.1) 19.8 (59.9) 17.3 (51.4) ok
Kidney function indicators
eGFR (mL/min/1.73 m?) 95.8 (25.5) 96.4 (24.0) 95.0 (28.6) 0.24 93.1 (25.4) 925 (24.1) 100 (26.3) ik
Blood urea nitrogen (mmol/L)* 5.36 (2.28) 5.27 (2.06) 5.33 (2.26) 0.45 5.47 (2.40) 5.43 (2.15) 5.13 (2.08) ok
Serum creatinine (mmol/L)* 82.6 (53.5) 77.6 (33.9) 79.6 (42.1) wE 83.8 (50.2) 79.9 (36.1) 76.8 (41.4) ok
Albumin creatinine ratio (mgl/g) * 44.0 (223) 43.4 (361) 59.9 (365) woHE 44.7 (200) 48.8 (361) 47.1 (350) 0.08

Notes: *p <0.05, ¥p<0.01, ¥ p<0.00| were calculated using statistical methods of ANOVA and Chi-square test. “Figures were shown in original values but p values were calculated using normalized figures. Missing data was excluded

while analysis.
Abbreviation: GED, General Equivalency Diploma.
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Table 2 Comparsions of Comorbidities by Three Sleep Duration Categories on Weekdays and Weekends

Sleep Duration on Weekdays

Sleep Duration on Weekends

Short < 6h Normal 6-9h Long 29 h P-value Short < 6h Normal 6-9h Long 29 h P-value
(N=1118) (N=3496) (N=1499) (N=691) (N=2749) (N=2664)
Kidney failure ok 0.34
Yes 50 (4.79%) 96 (3.02%) 73 (5.64%) 33 (5.02%) 104 (3.99%) 84 (3.74%)
No 994 (95.2%) 3080 (97.0%) 1222 (94.4%) 625 (95.0%) 2500 (96.0%) 2160 (96.3%)
Kidney stones 0.84 ok
Yes 106 (10.2%) 318 (10.0%) 123 (9.51%) 84 (12.7%) 280 (10.8%) 182 (8.13%)
No 938 (89.8%) 2857 (90.0%) 1170 (90.5%) 575 (87.3%) 2324 (89.2%) 2058 (91.9%)
Urinary incontinence ok *
Never 648 (69.2%) 1818 (65.2%) 665 (60.3%) 404 (67.7%) 1443 (63.3%) 1278 (65.7%)
Less than once a month 84 (8.96%) 328 (11.8%) 123 (11.2%) 54 (9.05%) 283 (12.4%) 195 (10.0%)
A few times a month 83 (8.86%) 296 (10.6%) 111 (10.1%) 48 (8.04%) 249 (10.9%) 196 (10.1%)
A few times a week 60 (6.40%) 146 (5.23%) 97 (8.80%) 41 (6.87%) 128 (5.61%) 133 (6.84%)
Every day and/or night 62 (6.62%) 201 (7.21%) 106 (9.62%) 50 (8.38%) 178 (7.80%) 143 (7.35%)
Times of nocturia 1.32 (1.27) 1.23 (1.14) 1.57 (1.27) ok 1.47 (1.34) 1.26 (1.14) 1.37 (1.24) bk
Congestive heart failure ok ok
Yes 55 (5.27%) 81 (2.55%) 61 (4.72%) 39 (5.93%) 88 (3.39%) 70 (3.12%)
No 988 (94.7%) 3090 (97.4%) 1231 (95.3%) 619 (94.1%) 2509 (96.6%) 2172 (96.9%)
Stroke pofok sofok
Yes 57 (5.47%) 111 (3.50%) 98 (7.56%) 54 (8.19%) 105 (4.04%) 108 (4.81%)
No 986 (94.5%) 3062 (96.5%) 1199 (92.4%) 605 (91.8%) 2493 (96.0%) 2139 (95.2%)
Emphysema Hokk ok
Yes 34 (3.25%) 45 (1.42%) 24 (1.86%) 30 (4.56%) 45 (1.73%) 28 (1.25%)
No 1012 (96.7%) 3127 (98.6%) 1268 (98.1%) 628 (95.4%) 2557 (98.3%) 2213 (98.8%)
High blood pressure ok ok
Yes 424 (37.9%) 1156 (33.1%) 532 (35.6%) 311 (45.0%) 1020 (37.2%) 784 (29.5%)
No 694 (62.1%) 2333 (66.9%) 964 (64.4%) 380 (55.0%) 1725 (62.8%) 1874 (70.5%)
High cholesterol 0.55 ok
Yes 356 (32.2%) 1098 (31.6%) 495 (33.2%) 245 (35.9%) 981 (35.9%) 721 (27.2%)
No 751 (67.8%) 2378 (68.4%) 997 (66.8%) 438 (64.1%) 1750 (64.1%) 1931 (72.8%)

Notes: “Original values were shown in the figures, while p values were calculated using normalized figures. *p <0.05, *p<0.01, ** p<0.001 were calculated using statistical methods of ANOVA and Chi-square test.
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eGFR

<90 (a= 2060, 38%)

aWK (a = 3077, 57%)

90-120 (n = 2362, 44%)
IWKD (n = 2330, 43%)

2120 (n = 940, 18%)
sWKD (n= 615, 11%)

Sleep subgroups (n =5,362) eGFR (ml/min/1.73 m?)
n (%) <90 90-120 >120 mean (sd)

SWK-sWKD 436 (8.1%) 213 (48.9%) 183 (42.0%) 40 (9.17%)
SWK-nWKD 310 (5.8%) 117 (37.7%) 145 (46.8%) 48 (15.5%) 96 (25.4)

SWK-IWKD 251 (4.7%) 47 (18.7%) 135 (53.8%) 69 (27.5%)

nWK-sWKD 153 (2.9%) 42 (27.5%) 81(52.9%) 30(19.6%) 101 (22.3)
nWK-nWKD 1912 (35.7%) 863 (45.1%) 840 (43.9%) 209 (10.9%)
nWK-IWKD 1012 (18.9%) 235 (23.2%) 504 (49.8%) 273 (27.0%)

IWK-sWKD 26 (0.5%) 8(30.8%) 10 (38.5%) 8 (30.8%)

IWK-nWKD 195 (3.6%) 71 (36.4%) 89 (45.6%) 35 (17.9%) 95.9 (26)

IWK-IWKD 1067 (19.9%) 464 (43.5%) 375(35.1%) 228 (21.4%) 94.5(29.1)

Figure 2 Estimates of eGFR levels by nine sleep subgroups.

years after adjusting for the covariates. In general, short weekend sleep duration for 6 hours or less was associated with
increasing eGFR levels but had no statistical significance compared with sWK-sWKD except for those aged 20-39 years
in the nWK group and the ones aged above 60 years in the IWK group. Beneficial association of eGFR levels and sleep
duration on weekends in a dose-response manner were only observed in those aged 20-39 in the nWK group. Still,
inverse effects were observed in those aged 40 or above in the nWK groups. The respective and combined impacts of
weekday and weekend sleep duration on eGFR levels were variable with age.

Discussion
It has been studied that short or long sleep duration were linked to CKD.%'*> However, the combination effects of

weekday and weekend sleep on CKD were not elucidated.
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Figure 3 Coefficients of eGFRs (mL/min/1.73 m?) of the nine sleep subgroups using multivariable linear regression under the adjustment of possible covariates.
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Figure 5 Coefficients of eGFRs (mL/min/1.73 m?) of sleep subgroups stratified by age in forest plots using multivariable linear regression model under the adjustment of

possible covariates.

To the best of our knowledge, this is the first study to examine the relationships of sleep duration on weekdays and
weekends with kidney function. This study demonstrated that long weekend sleep duration was associated with eGFR
declines, regardless weekday sleep duration. The decrease in eGFR was especially severe in people with short weekday
sleep duration.

Weekday and weekend sleep durations should be separately considered when analyzing the association between sleep
duration and kidney functions. As discovered by Roenneberg et al, social time, particularly work schedules, significantly
impacts sleep. When sleep duration is analyzed separately for work and free days, the strong social influence on sleep
becomes clear.® This finding is consistent with our study, where no significant association was found between weekday
and weekend sleep duration difference and eGFR levels (data not shown). Yet a significant association was observed
while we separately analyzed weekday and weekend sleep durations, which may explain some of the inconsistencies in
the findings of the association between sleep duration and CKD,'*'® as well as the fact that social activity plays an
important role in the relationship between sleep duration and kidney function.

In our findings, eGFR decreased more in sSWK-IWKD and nWK-IWKD compared with sWK-sWKD. Weekend sleep
duration, which was much higher than weekday sleep duration, was linked to a severe decrease in eGFR levels. Sleep duration
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on weekends is more likely to reflect the biological need for sleep due to less social influence on weekends (also termed as free
days)."” sWK-IWK and nWK-IWK subgroups presented the sleep deprivation on weekdays. Numerous studies indicated the
harmful effects of sleep deprivation on kidney functions through the dysregulation of human behavioral processes,'® ie, diet'® and
physical activity,”® and biological functions, including immune,”' regular circadian rhythm, sympathetic nervous system
activity,”® and physiological metabolism.”> The mechanism underlying the relationship between the weekday-to-weekend
differences in sleep duration and renal function remains unclear but could be attributed to the abovementioned kidney health
factors.

In addition, shorter weekday sleep and longer weekend catch-up sleep are associated with eating without hunger, which may
cause weight gain'® and metabolic syndrome onset.** Short sleepers are more likely to consume a greater percentage of

425 and associated with a higher risk of inadequate hydration.*®

carbohydrates, potentially leading to metabolic disorders

It is known that weekend catch-up sleep was associated with the prevalence of proteinuria in a dose-dependent manner
for the group with short weekday sleep durations for less than 6 hours,?” which echoed our findings on eGFR levels. On the
contrary, weekend catch-up sleep behavior was significantly associated with better health-related quality of life than non-
weekend catch-up sleep for participants who slept less or later on weekdays in the study of Yun Hwan Oh et al.*® However,
regarding renal function, weekend catch-up sleep may not compromise kidney impairment, especially for those who sleep
less on weekdays. A regular sleep schedule between weekdays and weekends was essential for protecting kidney functions.

However, as to IWK-IWKD, social jetlag may not be the mediate factor to eGFR declines. This finding aligned with
previous studies that long sleep duration was associated with the prevalence and progression of CKD®'> and was verified
in a longitudinal study.?’ Long sleep duration can serve as an initial symptom or the result of unmeasured diseases and
conditions, such as sleep disorders and circadian rhythm abnormalities, and further linked to CKD.*®

Sleep time is determined by numerous factors and chorotype, including health behaviors, lifestyle factors, cultural
norms, demographic factors, psychological factors, medications, chronic health conditions, and poor sleep hygiene. We
included the most available factors from NHANES and leveraged the missing data and variable numbers. Hence, we
excluded nutrition factors.

There are certain limitations in this study. The indicators of sleep difficulty, sleep time, smoking, and self-disease
reports are derived from surveys, which may be influenced by memory bias. The study did not take into account dietary
factors such as the consumption of red meat, medicines such as Insulin, and exercise behaviors. Additionally, the
observed association between sleep and kidney function in this study was not causal. It is crucial to note that determining
a causal effect requires further elucidation. Specifically, prospective research is warranted to examine the impact of
lifestyle factors on the relationship between weekday-to-weekend sleep durations and renal function.

Conclusion

Longer weekend sleep duration was associated with decreasing eGFR levels regardless of weekday sleep duration. This
situation was the worst for those with a short weekday sleep duration. Hence, when exploring the relationship between
sleep duration and CKD, weekday sleep duration (habitual sleep) and weekend sleep duration (unusual sleep) should be
considered separately. Further research is required to validate the causal association and identify modifiable risk factors
contributing to the prolonged weekend sleep linked to CKD. Subsequently, early intervention strategies could be
implemented to prevent or mitigate kidney impairment.

Abbreviations
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; NHANES, National Health and Nutrition
Examination Survey; WK, weekdays; WKD, weekends; ANOVA, analysis of variance.
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