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ABSTRACT

Background. Evidence linking chronic kidney disease (CKD) and sleep duration is inconsistent. This study examined
whether sleep duration is associated with a long-term risk of kidney function decline.
Methods. This retrospective, longitudinal cohort study included 82 001 participants who visited a primary care centre in
Japan. Participants were categorized into CKD risk groups and sleep duration categories according to their self-reported
average nightly sleep duration. The relationship between average nightly sleep duration and the incidence of composite
renal outcome comprised a ≥40% reduction in estimated glomerular filtration rate (eGFR) from baseline and a decline in
eGFR to <15 mL/min/1.73 m² was evaluated.
Results. The mean age and eGFR (±standard deviation) of the patient cohort were 45.8 (±12.4) years and 81.8 (±15.4)
mL/min/1.73 m², respectively. A total of 41 891 participants (51.1%) were women. During the median follow-up of 5.1
years [interquartile range 2.2–9.6], 4214 (5.1%) participants achieved the composite renal outcome. Only the long and very
long sleep durations (≥8 h/night) were associated with an increased incidence of the composite renal outcome compared
with the reference duration (7 h/night) [adjusted odds ratio (OR) 1.22 and 1.44; 95% confidence interval (CI) 1.09–1.36 and
1.13–1.84, for long and very long sleep durations, respectively]. Furthermore, this association was significant for both
long and very long sleep durations in the low CKD risk group but only for long sleep duration in the intermediate CKD
risk group. The results of the sex-specific analysis showed that men had a decreased risk of achieving the composite
renal outcome (OR 0.91; 95% CI 0.79–1.06), while there was an increased risk for women (OR 1.14; 95% CI 1.02–1.28).
Conclusions. Average sleep durations ≥8 h/night were associated with an increased incidence of poor renal outcomes
over time. However, a longitudinal cohort study is required to confirm whether sleep duration can prevent poor renal
outcomes.
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INTRODUCTION

Chronic kidney disease (CKD) is a very common condition char-
acterized by a gradual decline in kidney function, and causes sig-
nificantmorbidity andmortalityworldwide [1]. CKDoften has no
clear onset of symptoms. Even when the disease progresses, pa-
tients often report only vague complaints such as slight oedema
or becoming fatigued easily due to renal anaemia,which can de-
lay the detection of the disease. In addition, many individuals
suffer from CKD, and the medical and economic costs to society
are substantial and increase as the disease progresses [2]. Thus,
an improved understanding of the factors contributing to kidney
function decline in CKD is needed.

Sleep is crucial to maintaining physiological function and
homeostasis, as it provides the opportunity to repair and restore
tissues. An average individual spends approximately one-third
of their lifetime sleeping; however, evidence reveals that many
individuals find it difficult to achieve sufficient sleep quality and
duration in modern society [3]. Accordingly, sleep duration has
been identified as a potential lifestyle risk factor, particularly
when considering short sleep duration. Epidemiological studies
have identified a relationship between sleep duration and sev-
eral diseases including hypertension, metabolic syndrome, dia-
betes and cardiovascular disease; short sleep duration has also
been associated with increased mortality [4–9]. However, a re-
cent meta-analysis showed that long sleep duration is associ-
ated with various increased health risks compared with short
sleep duration [10].

The evidence linking CKD and sleep duration has often been
conflicting, and risk estimates have been inconsistent. In 2016, a
large prospective study of 4238 middle-aged women with an 11-
year follow-up period reported that short sleep durationwas sig-
nificantly and independently associated with a more rapid de-
cline in kidney function than appropriate sleep duration [11]. In a
more recent study, Yamamoto et al. [12] performed a prospective
cohort study of 1601 patients with CKD and reported that both
short and prolonged sleep durations were significantly associ-
ated with a decline in kidney function. Importantly, the associ-
ation persisted even after adjusting for age and known CKD risk
factors, such as a history of hypertension and diabetes. However,
despite the great variability in sleep duration over time, most
studies have based their analysis on sleep duration evaluated at
baseline. Therefore, further investigation of the relationship be-
tween sleep duration and kidney function is required and should
consider changes in average sleep duration over time.

To assess the relationship between sleep duration and kid-
ney function, we conducted a retrospective longitudinal cohort
study with a long follow-up period in a population of adults
undergoing routine health examinations. Specifically, we eval-
uated the relationship between average annual sleep duration
and kidney function decline over 14 years in participants who
may be at risk of CKD. Our analysis was performed using the
generalized estimating equation (GEE) with a logit function and
a binomial distribution. We hypothesized that individuals with
shorter (≤6 h/night) or longer (≥8 h/night) sleep durations would
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experience greater kidney function decline over time than those
who had an appropriate sleep duration (7 h/night).

MATERIALS AND METHODS

Study Design

We conducted a retrospective study using longitudinal data col-
lected from St Luke’s International Hospital in Tokyo, Japan. All
adult participants (>18 years) who visited the hospital’s Centre
for Preventive Medicine for a health check-up between 1 January
2005 and 31 December 2018 were included. Participants with an
estimated glomerular filtration rate (eGFR) <15 mL/min/1.73 m²
during their first visit were excluded from the analysis. In addi-
tion, participants who only visited the health centre once were
excluded, as were participants who opted out of having their
anonymized data used in the study. We grouped the remaining
participants by average nightly sleep duration and baseline CKD
risk, and compared the outcomes between groups. This study
was approved by the St Luke’s Ethics Committee (REB No. 18-
R203).

Calculation of eGFR and determination of the
composite renal outcome

As a part of standard health check-ups, participants provided
a blood sample at each visit that was analysed for serum cre-
atinine. Then, eGFR was calculated according to the following
Japanese formulas [13]:

Men: eGFR = 194× (serumcreatinine)−1.094 × (age)−0.287

Women: eGFR = 194 × (serumcreatinine)−1.094

× (age)−0.287 ×0.739
In this study, the primary outcome was a composite renal

outcome comprised of a ≥40% reduction in eGFR from baseline
and a decline in eGFR to <15 mL/min/1.73 m² [14]. Based on the
calculated eGFR and a proteinuria evaluation, participants were
categorized into baseline CKD risk groups in accordance with
the Kidney Disease: Improving Global Outcomes (KDIGO) 2012
clinical practice guidelines [15]. Information relating to dialysis
statuswas collected frommedical records or self-reported by the
participants.

Sleep duration categorization

All participants self-reported their average nightly sleep dura-
tion during check-ups to a member of the research team who
was present at each visit. Sleep duration data were analysed at
each visit as a time-series. Participants were categorized into
one of five nightly sleep duration categories—very short (≤5 h),
short (6 h), medium (7 h), long (8 h) and very long (≥9 h)—
consistent with previous studies [16, 17]. In our study,we defined
the medium (7 h) sleep duration as the reference group for the
analyses.

Covariates

To account for covariates that may influence the relationship
between sleep duration and the composite renal outcome, we
collected information relating to the participants’ demograph-
ics, health habits and medical history, including data relating
to alcohol consumption (abstinent, occasional drinking, regu-
lar drinking), smoking status (never smoked, former smoker

and current smoker) and exercise status (≤1 time/week, 1–2
times/week, 3–5 times/week and ≥5 times/week). Body mass
index (BMI) was calculated using height and weight data col-
lected during the check-ups. In accordance with the recom-
mended BMI ranges for determining obesity in Asian popula-
tions, participants were categorized into one of the three groups:
underweight (≤18.5 kg/m2), normal weight (18.5–24.9 kg/m2), or
obese/overweight (≥25.0 kg/m2) [18, 19]. Medical history infor-
mation, including a history of hypertension, diabetes, dyslipi-
daemia and any confirmed cancer diagnosis, was also collected.
Participants were classified into one of four groups relating to
their level of CKD risk, as described above. All data were self-
reported at each visit.

GEE in longitudinal data analysis

The GEE is often used in clinical research and is a common sta-
tistical approach to fittingmarginalmodels for longitudinal data
analysis [20]. The participants’ baseline characteristics were first
compared between sleep duration categories. Models were then
used to assess the incidence of the composite renal outcome by
sleep duration category, using a GEE with a logit function and bi-
nomial distribution. We evaluated all the covariates included in
the GEE as time-varying covariates.

Using this approach, it is possible to adjust time-series
changes in covariates and minimize the effect of missing val-
ues. For example, when using Cox proportional hazard analysis,
participants with missing data at baseline must be excluded.
However, using GEE analysis, it is possible to adjust the vari-
ables if they are available at some point during the study pe-
riod, even if there are missing values at baseline. Three mod-
els were adjusted for various potential covariates to identify
key parameters. Model 1 was adjusted for patient age, sex,
baseline eGFR, proteinuria and BMI. Model 2 was adjusted for
health habits (alcohol consumption, smoking status and exer-
cise status) in addition to Model 1 covariates. Model 3 was ad-
justed for comorbidities (hypertension, diabetes, dyslipidaemia
and all types of cancer) in addition to Model 2 covariates.
We then performed a sub-analysis where participants were
stratified according to their baseline CKD risk category, and the
relationship between sleep duration and the composite renal
outcome was re-assessed. Sensitivity analyses were performed
using the stages of CKDbased on eGFR and the degree of protein-
uria. All analyses were performed using STATA 15 (STATA Corp.,
College Station, TX, USA).

RESULTS

The baseline characteristics of the participants across sleep
duration categories are presented in Table 1. A total of
82 001 participants were included in this study, with a mean age
[±standard deviation (SD)] of 45.8 (±12.4) years; 41 891 (51.1%)
participants were women (Figure 1). The median observation
period was 1856 [interquartile range (IQR) 797–3506] days, and
the median number of visits was 5 (IQR 3–9). Participants with
a sleep duration ≥8 h/night tended to be older (>35 years) and
exercised more frequently (>1–2 times/week). The missing val-
ues for sleep duration and eGFR are 11.40% and 0.021%, respec-
tively. The relationship between sleep duration and obesity was
U-shaped, such that participants with very short or very long
sleep durations were more frequently obese. In terms of medi-
cal history, the prevalence of comorbidities tended to increase
with sleep duration. During the follow-up, 4214 (5.1%) partici-
pants reached the composite renal outcome. When considering



1766 Hirano et al.

Table 1. Baseline participant characteristics stratified by average nightly sleep duration category

Very short, 5 h
or less

(n = 20 455)
Short, 6 h
(n = 33 897)

Middle, 7 h
(n = 20 691)

Long, 8 h
(n = 6237)

Very long, 9 h or
more

(n = 712)
Total

(n = 82 001)

Age in years, mean (SD) 42.6 (11.0) 45.2 (11.8) 48.3 (12.8) 50.8 (14.5) 52.4 (15.7) 45.8 (12.4)
Women, n (%) 10 377 (50.7) 17 367 (51.2) 10 587 (51.2) 3200 (51.3) 360 (49.9) 41 891 (51.1)
Alcohol consumption, n (%)
Abstainer 8100 (39.6) 13 295 (39.2) 8309 (40.2) 2654 (42.6) 320 (44.4) 32 678 (39.9)
Occasional drinker 3706 (18.1) 6082 (17.9) 3462 (16.7) 942 (15.1) 85 (11.8) 14 277 (17.4)
Regular drinker 8649 (42.3) 14 520 (42.8) 8920 (43.1) 2641 (42.3) 316 (43.8) 35 046 (42.7)

Smoking status, n (%)
Never 12 729 (62.2) 20 957 (61.8) 12 540 (60.6) 3622 (58.1) 384 (53.3) 50 232 (61.3)
Former 3949 (19.3) 7501 (22.1) 5024 (24.3) 1623 (26.0) 217 (30.1) 18 314 (22.3)
Current 3777 (18.5) 5439 (16.1) 3127 (15.1) 992 (15.9) 120 (16.6) 13 455 (16.4)

Exercise, n (%)
Almost none 9265 (45.3) 13 202 (39.0) 6989 (33.8) 2064 (33.1) 253 (35.1) 31 773 (38.8)
1–2 times a week 7146 (34.9) 12 778 (37.7) 7871 (38.0) 2162 (34.7) 239 (33.2) 30 196 (36.8)
3–5 times a week 2477 (12.1) 4969 (14.7) 3706 (17.9) 1255 (20.1) 128 (17.8) 12 535 (15.3)
Almost everyday 1567 (7.7) 2948 (8.7) 2125 (10.3) 756 (12.1) 101 (14.0) 7497 (9.1)

Body mass index, n (%)
Underweight 1923 (9.4) 3359 (9.9) 2132 (10.3) 693 (11.1) 96 (13.3) 8203 (10.0)
Normal weight 14 154 (69.2) 24 106 (71.1) 14 940 (72.2) 4395 (70.5) 485 (67.3) 58 080 (70.8)
Obese/overweight 4378 (21.4) 6432 (19.0) 3619 (17.5) 1148 (18.4) 140 (19.4) 15 717 (19.2)

Medical history, n (%)
Any cancer 544 (2.7) 1273 (3.8) 1027 (5.0) 414 (6.6) 50 (6.9) 3308 (4.0)
Hypertension 1126 (5.5) 2366 (7.0) 1934 (9.4) 765 (12.3) 105 (14.6) 6296 (7.7)
Systolic BP, mmHg (SD) 116.3 (16.2) 117.1 (16.6) 118.6 (17.3) 120.1 (18.2) 120.7 (18.7) 117.6 (16.8)
Diastolic BP, mmHg (SD) 71.4 (11.3) 72.0 (11.3) 73.1 (11.5) 73.7 (11.7) 73.7 (12.0) 72.3 (11.4)
Diabetes 265 (1.3) 586 (1.7) 517 (2.5) 204 (3.3) 35 (4.9) 1607 (2.0)
Fasting blood glucose, mg/dL (SD) 98.5 (15.1) 98.7 (14.3) 99.6 (15.2) 100.4 (16.4) 101.0 (16.9) 99.0 (14.9)
Haemoglobin A1c, % (SD) 5.1 (0.6) 5.1 (0.5) 5.2 (0.6) 5.2 (0.6) 5.2 (0.6) 5.1 (0.6)
Dyslipidaemia 672 (3.3) 1456 (4.3) 1157 (5.6) 428 (6.9) 61 (8.5) 3774 (4.6)
LDL cholesterol, mg/dL (SD) 114.1 (30.5) 115.2 (30.2) 116.6 (30.0) 117.8 (31.0) 117.4 (32.2) 115.5 (30.3)
HDL cholesterol, mg/dL (SD) 62.8 (15.7) 62.9 (15.5) 62.6 (15.6) 62.2 (15.4) 62.6 (17.0) 62.8 (15.6)
Triglyceride, mg/dL (SD) 94.8 (76.2) 96.1 (74.9) 98.5 (73.2) 102.3 (80.8) 109.7 (123.1) 97.0 (75.9)

Kidney function
eGFR, mL/min/1.73 m2 (SD) 83.2 (15.1) 82.1 (15.3) 80.7 (15.6) 79.9 (16.3) 80.1 (17.7) 81.8 (15.4)
Blood urea nitrogen, mg/dL (SD) 12.3 (3.9) 12.5 (4.0) 12.8 (4.1) 12.9 (4.2) 12.8 (4.7) 12.5 (4.0)
Serum creatinine, mg/dL (SD) 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 0.7 (0.2)

Proteinuria, n (%)
Normal 20 235 (98.9) 33 575 (99.1) 20 509 (99.1) 6176 (99.0) 707 (98.1) 81 202 (99.0)
Mild 214 (1.1) 316 (1.0) 178 (0.9) 59 (1.0) 14 (1.9) 781 (1.0)
Severe 6 (0.0) 6 (0.0) 4 (0.0) 2 (0.0) 0 (0.0) 18 (0.0)

CKD risk category, n (%)
Low 19 421 (95.0) 31 903 (94.1) 19 128 (92.5) 5618 (90.1) 635 (88.1) 76 705 (93.5)
Moderate 963 (4.7) 1861 (5.5) 1429 (6.9) 545 (8.7) 70 (9.7) 4868 (5.9)
High 58 (0.3) 112 (0.3) 107 (0.5) 58 (0.9) 12 (1.7) 347 (0.4)
Very high 13 (0.1) 21 (0.1) 27 (0.1) 16 (0.3) 4 (0.6) 81 (0.1)

Composite renal outcome
≥40% reduction in eGFR 898 (4.4) 1664 (4.9) 1134 (5.5) 409 (6.6) 69 (9.7) 4174 (5.1)
eGFR <15 mL/min/1.73 m² 2 (0.0) 6 (0.0) 3 (0.0) 4 (0.1) 1 (0.1) 16 (0.0)

BP, blood pressure; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

patient characteristics by sex it was observed that male partic-
ipants had higher BMI, higher prevalence of hypertension and
diabetes, and more severe dyslipidaemia including higher lev-
els of low-density lipoprotein and triglycerides (Supplementary
data, Table S1).

We identified a relationship between sleep duration and the
incidence of the composite renal outcome (Figure 2). Specifically,
participants with longer average nightly sleep durations were
at a significantly higher risk of developing the composite re-
nal outcome at the median follow-up of 5.1 years. The adjusted
odds ratio (OR) of the composite renal outcome in each sleep

duration category was compared with the reference (7 h/night)
group (Table 2). Very long [≥9 h/night; adjusted OR 1.44; 95% con-
fidence interval (CI) 1.13–1.84 in Model 3] and long sleep dura-
tions (8 h/night; adjusted OR 1.22; 95% CI 1.09–1.36 in Model 3)
were associated with an increased incidence of the composite
renal outcome compared with the medium (reference) sleep du-
ration. The incidence of the composite renal outcome in partic-
ipants with short (6 h/night) or very short (≤5 h/night) sleep du-
ration was comparable with that of the reference group across
all models. Specifically, very short sleep duration was associated
with a lower composite renal outcome in the unadjustedmodel;



Relationship between long sleep duration and future kidney function decline 1767

Table 2. Comparison of the composite renal outcome incidence by sleep duration category as determined by the multivariable generalized
estimating equation

Composite renal outcome incidence, adjusted odds ratio (95% confidence interval)

Very short, 5 h or less Short, 6 h Medium, 7 h Long, 8 h Very long, 9 h or more

Unadjusted 0.88d (0.81–0.96) 0.96 (0.89–1.03) Reference 1.33 (1.19–1.49) 1.80 (1.42–2.29)
Model 1a 1.05 (0.96–1.15) 1.06 (0.98–1.14) Reference 1.22 (1.09–1.37) 1.46 (1.14–1.86)
Model 2b 1.04 (0.95–1.14) 1.05 (0.97–1.14) Reference 1.22 (1.10–1.37) 1.47 (1.15–1.88)
Model 3c 1.03 (0.95–1.14) 1.05 (0.97–1.14) Reference 1.22 (1.09–1.36) 1.44 (1.13–1.84)

aModel 1 was adjusted for age, sex, baseline eGFR, proteinuria and body mass index.
bModel 2 was adjusted for health habits (alcohol consumption, smoking status and exercise habit) in addition to the covariates in Model 1.
cModel 3 wad adjusted for comorbidities (hypertension, diabetes, dyslipidaemia and any type of cancer) in addition to the covariates in Model 2.
dNumbers in bold are statistically significant (P < 0.05).

FIGURE 1: Flow diagram of patient cohorts used in the study.

however, this effect disappeared in the covariate-adjusted
model. The results of the sex-specific analysis showed that very
short sleep duration was associated with a decrease in the inci-
dence of the composite renal outcome in men (OR 0.91; 95% CI
0.79–1.06), while it was associated with an increased incidence
of the composite renal outcome in women (OR 1.14; 95% CI 1.02–
1.28) (Supplementary data, Table S2). In addition, we also per-
formed an analysis of the incidence of the individual renal out-
comes as a sensitivity analysis. Overall, the results showed that
the OR was higher for the ‘eGFR <15 mL/min/1.73m²’ outcome
than for the ‘≥40% reduction in eGFR’ outcome (Supplementary
data, Table S3). However, CIs of ‘eGFR <15 mL/min/1.73m²’ out-
come were wide due to the small sample size.

When participants were stratified by their baseline CKD risk
category in our sub-analysis, the findings were similar to those
of the main analysis (Table 3). In the low CKD risk sub-analysis,
participants in the very long (adjusted OR 1.43; 95% CI 1.10–
1.86) and long sleep duration categories (adjusted OR 1.19; 95%
CI 1.05–1.34) had an increased incidence of the composite re-
nal outcome compared with participants in the reference sleep
duration category. In the intermediate and high CKD risk sub-
analysis, participants in the very long and long sleep duration
categories tended to have an increased incidence of the compos-
ite renal outcome; however, this association was only significant

FIGURE 2: Association between sleep duration and incidence of the composite
renal outcome.

for intermediate CKD risk participants in the long sleep duration
category (adjusted OR 1.68; 95% CI 1.10–2.56).

DISCUSSION

We conducted a large-scale retrospective cohort study of adults
with a median follow-up of 5.1 years to evaluate the relation-
ship between kidney function and sleep duration using the GEE
method for longitudinal data analysis. In our study, we observed
that long (8 h) and very long (≥9 h) average nightly sleep dura-
tions were associated with an increased incidence of the com-
posite renal outcome compared with the reference sleep dura-
tion (7 h). Interestingly, participants in the short and very short
sleep duration categories had a similar incidence of the com-
posite renal outcome compared with the reference group. Addi-
tionally, participants in the intermediate and high CKD risk cat-
egories with very long or long sleep durations tended to have an
increased incidence of the composite renal outcome. However,
this association was only significant for intermediate CKD risk
participants in the long sleep duration category. Low CKD risk
participants in the long and very long sleep duration categories
had a significantly increased incidence of the composite renal
outcome compared with the reference group.

A recent large prospective cohort study found that short
(<5 h/night) or long (>8 h/night) sleep duration and poor sleep
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Table 3. Adjusted odds ratio for the composite renal outcome by sleep duration group, stratified by baseline chronic kidney disease risk
category

Composite renal outcome odds ratio, adjusted odds ratio (95% confidence interval)

Chronic kidney disease risk
categorya, n (%)

Very short, 5 h or
less Short, 6 h Medium, 7 h Long, 8 h

Very long, 9 h or
more

Low risk, 8594 (11.2)b 0.99 (0.90–1.09) 1.04 (0.96–1.12) Reference 1.19d (1.05–1.34) 1.43 (1.10–1.86)
Intermediate risk, 329 (6.8) 1.15 (0.73–1.80) 1.11 (0.76–1.62) Reference 1.68 (1.10–2.56) 1.59 (0.71–3.56)
High risk, 77 (22.2) 1.01 (0.40–2.55) 0.50 (0.21–1.23) Reference 1.91 (0.84–4.34) 2.68 (0.80–9.01)
Very high risk, 53 (65.4) –c – Reference – –

aModel was adjusted for age, sex, body mass index, health habits (alcohol consumption, smoking status and exercise habit) and comorbidities (hypertension, diabetes,
dyslipidaemia and any type of cancer).
bThe number and proportion of composite renal events in each CKD risk categories.
cAnalyses were not concaved; thus, no odds ratio was calculated.
dNumbers in bold are statistically significant (P < 0.05).

quality were significantly associated with a higher incidence
of end-stage kidney disease [11]. In our study, longer sleep du-
ration was associated with a deterioration of kidney function;
however, no significant deterioration in kidney function was ob-
served in participants in the short sleep duration category. Sub-
analyses by CKD risk category also confirmed that longer sleep
duration was generally associated with a greater incidence of
kidney function decline. Our data suggest that short-term sleep
duration information collected from individuals with normal
kidney function is not an effective marker of future susceptibil-
ity to CKD.While previous studies have pointed to a relationship
between short sleep duration and CKD,obesity, hypertension, di-
abetes and dyslipidaemia [21] they have typically assessedmedi-
cal history only at baseline. By contrast, the strength of our study
was its longitudinal design and the collection of data from par-
ticipants at each visit. This approach allowed ongoing assess-
ment of sleep duration until the composite renal outcome was
achieved, which provides more specific insight into the relation-
ship between sleep duration and renal outcomes. Interestingly,
in a sub-analysis, we found that both longer sleep durations and
very short sleep durations were associated with an increased in-
cidence of the composite renal outcome for women, consistent
with previous studies. On the contrary, very short sleep duration
was associated with a reduced incidence of the composite renal
outcome for men, even in models that adjusted for covariates.
This result may contribute to the fact that short sleep duration
was not a predictor of worsening renal function in our study. It
is unclear why the effect of short sleep duration on the compos-
ite renal outcome incidence varied between men and women. It
is possible that confounding factors that were not adjusted for
in this study, such as social status, may have an effect on renal
function; however, further investigation is needed. Future work
should also determine whether long-term sleep trends may be
more predictive of CKD development.

Longer sleep duration may have been associated with kid-
ney impairment as sleep disorder may cause genetically driven
alterations in kidney phenotypes. According to the UK Biobank
cohort, long sleep duration is affected by an increased evening
chronotype and circadian rhythm disturbances [22]. Notably, cir-
cadian rhythm abnormalities are thought to cause non-dipper
hypertension and may contribute to the increased incidence
of the composite renal outcome in participants who sleep for
longer sleep durations. In addition, preclinical data suggest that
circadian rhythm dysfunction and loss of diurnal rhythm may
promote renal function decline [23]. Furthermore, prolonged
sleep may be secondary to the excessive daytime sleepiness
caused by obstructive sleep apnoea and central sleep apnoea

[24], which are known CKD risk factors and may have con-
tributed to renal function decline. In addition, recent studies
have suggested that prolonged sleep is an independent risk fac-
tor for poor health outcomes [25–27]. Although these findings
offer insight into the potential mechanisms linking sleep dura-
tion and CKD risk, determining whether these findings translate
into clinical populations merits further investigation.

This study has some limitations. First, we only assessed in-
formation regarding sleep duration from a questionnaire and
did not adjust data according to sleep quality. For example,
the classification of sleep duration remains unclear for partici-
pants who may have an average nightly sleep duration between
the categories, which were separated on the questionnaire by
1 h. However, a previous study shows that the correlation be-
tween self-reported sleep duration and actual sleep duration
was 0.47, indicating sleep duration categorization was likely ac-
curate [28]. In addition, our cohort consisted of a large number
of participants, and we relied on a strictly controlled electronic
medical record database, which may mitigate potential bias.
Second, some participants were lost to follow-up and the num-
ber of participants in each of the four CKD risk groups was not
well-balanced. Losing participants to follow-up and unbalanced
groups may contribute to selection bias since longitudinal stud-
ies require participants to make multiple visits. Third, the num-
ber of participants in the very long sleep duration category was
smaller than that in the other sleep duration categories. Fourth,
our study was performed at a single centre in the national cap-
ital, which is populated by many relatively young and active
adults who may be unable to sleep for long durations because
of their lifestyles and commitments. Fourth, in GEE analysis, co-
variates can be treated as longitudinal data, but measurements
close to the occurrence of an event can have the opposite causal
effect. For example, poor kidney function may affect sleep dura-
tion. Finally, we initially adopted an eGFR reduction of ≥40% as
the primary outcome, as this was reported as a surrogatemarker
for renal prognosis [29]. However, a ≥40% reduction in eGFR is
possible due to measurement errors or short-term conditions,
such as acute kidney injury. To account for this possibility, we
instead used a composite renal outcome that also included an
eGFR <15 mL/min/1.73 m². Taken together, we believe that our
research provides robust insight into the relationship between
sleep duration and CKD risk.

In conclusion, our study demonstrated that longer sleep du-
rations were associated with an increased incidence of a com-
posite renal outcome composed of a reduction in eGFR and the
need for dialysis. However, a longitudinal cohort study is still
needed to identify individuals at risk of poor renal outcomes



Relationship between long sleep duration and future kidney function decline 1769

based on their sleep duration and to determine whether sleep
duration information can be used to guide clinical manage-
ment to prevent kidney function decline. Determining a refer-
ence sleep duration that may contribute to the prevention of
CKD will be invaluable and may have clinical consequences not
only for individuals with CKD but also for other systemic disor-
ders that have known associations with sleep duration.
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