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ABSTRACT 

Background and hypothesis. Published literature suggests that sleep duration and quality may be affected in adults 
with chronic kidney disease. However, the relationship between these two entities remains a matter of debate. The 
objective of this systematic review and meta-analysis is to assess the effect of sleep duration and quality on chronic 
kidney disease. 
Methods. A systematic review of the Medline/PubMed, Embase, Cochrane Library, and CINAHL databases was conducted 
for articles pertaining to the association between sleep duration and quality on chronic kidney disease. The main 

outcome was the hazard/risk ratio of chronic kidney disease in patients of varying sleep durations and quality. 
Results. In total, 42 studies ( 2 613 971 patients) with a mean age of 43.55 ± 14.01 years were included in the 
meta-analysis. Compared with a reference range of 7 to 8 hours of sleep, short sleep durations of ≤4 hours ( RR 1.41, 95% 

CI: 1.16 to 1.71, P < 0.01) , ≤5 hours ( RR 1.46, 95% CI: 1.22 to 1.76, P < 0.01) , ≤6 hours ( RR 1.18, 95% CI: 1.09 to 1.29, P < 0.01) , 
and ≤7 hours ( RR 1.19, 95% CI: 1.12 to 1.28, P < 0.01) were significantly associated with an increased risk of incident 
chronic kidney disease. Long sleep durations of ≥8 hours ( RR 1.15, 95% CI: 1.03 to 1.28, P < 0.01) and ≥9 hours ( RR 1.46, 
95% CI: 1.28 to 1.68, P < 0.01) were also significantly associated with an increased risk of incident chronic kidney disease. 
Meta-regression did not find any significant effect of age, gender, geographical region, and BMI and an association with 

sleep duration and risk of incident chronic kidney disease. 
Conclusion. Both short and long sleep durations were significantly associated with a higher risk of chronic kidney 
disease. Interventions targeted toward achieving an optimal duration of sleep may reduce the risk of incident chronic 
kidney disease. 
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KEY LEARNING POINTS 

What was known: 

• Short and long sleep durations may be associated with an increased risk of chronic kidney disease, however, this relationship 
remains unclear.

This study adds: 

• This analysis of pooled data sought to investigate the relationship between sleep duration and the risk of chronic kidney 
disease. From 39 studies including 2 525 312 patients, short and long sleep durations were associated with a higher risk of 
developing chronic kidney disease.

Potential impact: 

• Interventions aimed at ensuring an optimal duration of sleep may be beneficial in reducing the risk of developing chronic 
kidney disease.

I

C
h
[
t
i
b
b
f
c  

a
g
c
g
t
o
h  

b
d

i
c
e
i
k
e
a
a
b
t
a
c

t
a
t
p
p
s
[
f
a
a
p
i
p

o
p
m
h
m
t  

w
t  

a

c
c
p
r
c  

w
u
a
r
t
o
s
t  

w
i
n  

d
m

M

D

T
(
I
l
C
m
f  

s
i
o
t
f
s
d

NTRODUCTION 

hronic kidney disease ( CKD) is a pervasive and escalating 
ealth issue affecting 10%–15% of the world’s adult population 
1 ]. Its prevalence continues to rise due to the widespread adop- 
ion of sedentary lifestyles and longer life expectancies result- 
ng from improved medical knowledge and healthcare [2 , 3 ]. The 
urden on human health and healthcare systems alike cannot 
e overstated, with an increasing number of patients suffering 
rom severe complications such as magnified risks of cardiovas- 
ular disease, organ failure necessitating replacement therapy,
nd multi-factor mortality [4 ]. As the name suggests, this pro- 
ressive condition traditionally develops as we age and over the 
ourse of many years, influenced by cumulative effects of both 
enetic and environmental factors, which range from abrupt dis- 
urbances in physiology and function, to more subtle and often 
verlooked parts of daily life [5 ]. Sleep is one such risk factor that 
as gradually risen as a contributor to not just kidney disease,
ut overall health as well, alongside other crucial factors such as 
iet and exercise [6 ]. 
The prevalence of sleep disturbances varies by demograph- 

cs, but can affect up to 20%–40% of people worldwide [7 ]. In re- 
ent times, many studies have documented myriad downstream 

ffects and associations of sleep duration and quality with var- 
ous aspects of health [8 ]. The relationship between sleep and 
idney disease has also garnered increasing attention, with the 
mergence of a few large cohort studies [9 , 10 ]. In general, the 
ssociation of shortened and prolonged sleep durations, as well 
s poor sleep quality, with CKD is supported by a substantial 
ody of research [9 , 10 , 11 ]. However, there are some contradic- 
ory findings, and further objective clarity is needed to fully char- 
cterize this complex relationship, especially in different socio- 
ultural contexts [9 , 11 , 12 ]. 

The proposed mechanisms and pathophysiology underlying 
his relationship are diverse and many. Certain diseases, such 
s obstructive sleep apnea and other sleep disorders, can lead 
o disturbances in both sleep duration and quality. These are 
rocesses that are detrimental to kidney function such as sym- 
athetic activation, nocturnal hypertension, hypoxia, oxidative 
tress, inflammation, and glomerular endothelial dysfunction 
13 , 14 , 15 ]. Insufficient sleep, insomnia, and other disorders af- 
ecting circadian rhythm have also been linked to poor cognitive 
nd emotional function, downstream hormone imbalances such 
s hypercortisolism, and other risk factors for CKD such as as- 
ects of metabolic syndrome [16 ]. Furthermore, CKD and declin- 
ng renal function itself can also impact sleep, with an increased 
revalence of restless leg syndrome and other potential effects 
f uremia and other deranged electrolytes, adding to the com- 
lexity of CKD management [12 , 17 ]. Patients on renal replace- 
ent therapy often report poorer sleep quality compared with 
ealthy controls, along with poorer sleep efficiency and frag- 
entation index [18 ]. Various modalities of renal replacement 

herapy have their treatment-related burdens for the patient,
hich may affect their sleep. Apart from anemia and fluid and 
oxin accumulation, patients can also suffer from pain, pruritus,
nd psychological problems [19 , 20 ]. 

In summary, CKD and sleep are intricate and interrelated 
onditions that require integrated management to optimal out- 
omes in patients [9 , 11 , 12 ]. However, the contributing value of 
oor sleep to the increasing incidence of CKD, and therefore its 
ole in the prevention and management of CKD remains un- 
lear [9 , 10 , 12 ]. In a world on the cusp of a paradigm shift to-
ard preventive medicine, the understanding and education of 
pstream risk factors must improve, and the need to optimize 
n aspect as fundamental and integral to human life as sleep 
emains a topmost priority and, indeed, necessity [9 ]. This sys- 
ematic review and meta-analysis aims to provide an updated 
verview of the current body of knowledge around the relation- 
hip between sleep and the risk of CKD, with the hypothesis that 
here is a significant impact of poor sleep on the risk of CKD,
hich merely awaits objective characterization for appropriate 

ntervention. The authors believe this study will provide much- 
eeded clarity and guidance on this important frontier of health,
riving progress toward improved CKD prevention and manage- 
ent strategies. 

ATERIALS AND METHODS 

ata sources and searches 

he protocol for this review was registered with PROSPERO 

 CRD42023420030) . With reference to the Preferred Reporting 
tems for Systematic Review and Meta-Analyses ( PRISMA) guide- 
ines, a search was conducted on Medline/PubMed, Embase, the 
ochrane Register for Controlled Trials ( CENTRAL) , and the Cu- 
ulative Index of Nursing and Allied Health ( CINAHL) databases 

or studies published from inception to 19 June 2023 [21 ]. The
earch strategy used a combination of free text words and med- 
cal subject heading terms ( Supplement 1) . The reference lists 
f systematic reviews and included articles and the gray litera- 
ure were also screened manually to identify additional studies 
or a comprehensive search. Contact with authors of included 
tudies was made where feasible to collect supplementary 
ata. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
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tudy selection 

wo blinded authors ( M.S. and T.T.) independently screened ti- 
les and abstracts to check the eligibility for inclusion using the
nline platform Rayyan, with disputes being resolved through 
onsensus from a third independent author ( J.H.K.) [22 ]. Review- 
rs then assessed the full texts of shortlisted studies against the
ollowing pre-defined inclusion and exclusion criteria. 

The inclusion criteria were ( i) observational studies that in- 
estigated the association between sleep duration and CKD in 
articipants aged 18 years or older, ( ii) full-text studies, ( iii) stud- 
es published in a peer-reviewed journal, and ( iv) studies pub- 
ished in the English language. Participants with CKD were de-
ned as individuals with an estimated glomerular filtration rate 
 eGFR) < 60 ml/min/1.73 m2 over 3 months or more, irrespective 
f cause, in accordance with the published definitions of the
ational Kidney Foundation Kidney Disease Outcomes Quality 
nitiative ( KDIQI) [23 ]. For the outcome of incident CKD, stud- 
es were eligible if they included patients without a diagnosis
f CKD, not on hemodialysis or peritoneal dialysis, or not re-
eiving renal transplant at baseline. For the outcome of preva-
ent CKD, studies were eligible if they included patients who
ad a diagnosis of CKD, not on hemodialysis or peritoneal dial-
sis, or not receiving renal transplant at baseline. The included
tudies employed subjective and objective sleep measurements,
hich comprised subjective sleep questionnaires such as the 
ittsburgh Sleep Quality Index ( PSQI) , and objective sleep mea- 
urements such as polysomnography. 

The exclusion criteria were ( i) studies including participants 
 18 years old, ( ii) animal studies, ( iii) case reports, ( iv) in vitro 
tudies, and ( v) reviews. 

ata collection 

ata from included articles were collected by two blinded, in-
ependent reviewers ( M.S. and T.T.) in duplicate onto a struc- 
ured proforma specifically designed for the study and piloted 
eforehand on a sample of selected studies. Disagreement was 
esolved by discussion and consensus with a third reviewer 
 J.H.K.) . The data collection sheet contained key characteristics 
f studies, according to the Population, Intervention, Compari- 
on, Outcome, Study Type framework [24 , 25 ]. Data collected in-
luded geographical region; sample size, inclusion and exclusion 
riteria; baseline characteristics of participants such as mean 
ge, gender, ethnicity, and mean BMI; comorbidities such as di-
betes, hypertension, hyperlipidemia, coronary artery disease,
nd smoking status CKD definition; details of how CKD was as-
essed; stage of CKD stage; summary measures of incident; and
revalent CKD across various sleep durations and sleep qual- 
ty as measured with the PSQI, with corresponding 95% confi-
ence intervals, publication year, year of study completion, and 
tudy design. The PSQI is a self-rated questionnaire that as-
esses sleep quality and disturbances over a 1-month time in-
erval, with seven components involving subjective sleep qual- 
ty, sleep latency, sleep duration, habitual sleep efficiency, sleep 
isturbances, use of sleeping medication, and daytime dysfunc- 
ion [26 ]. 

isk of bias assessment 

wo blinded, independent reviewers ( M.S. and T.T.) conducted 
he risk of bias assessment of included articles using the Risk of
ias in Non-randomized Studies of Exposures ( ROBINS-E) tool.
he ROBINS-E is designed specifically to assess the risk of bias
f cohort studies on the premises of confounding, measurement
f exposure, selection of participants, post-exposure interven- 
ions, missing data, measurement of outcome, and selection of
he reported result [27 ]. Exclusion of low-quality studies was per-
ormed only during sensitivity analyses in an objective to ex-
lore the result’s heterogeneity. Otherwise, all studies were re-
ained independently of their quality, following Glass’s approach
28 ]. 

ublication bias 

ublication bias was assessed by visual inspection of the respec-
ive funnel plots [29 ]. The asymmetry of funnel plots was fur-
her assessed using Egger’s linear regression method and Begg’s
est [30 ]. Missing studies were imputed using the trim-and-fill
ethod [31 ]. 

tatistical analysis 

ll analysis was conducted in R Studio ( version 4.2.2) using
he meta package [32 ]. Descriptive statistics were presented as
eans and standard deviations for continuous variables and
ounts for categorical variables. When studies reported medi-
ns and interquartile ranges, these were converted to means and
tandard deviations using the methods of Wan et al. [33 ] A con-
entional pairwise meta-analysis was done in risk ratios. The
eta-analysis compared CKD risk for short ( < 7 hours) and long

 > 8 hours) , versus referent sleep duration ( mostly 7 to 8 hours) .
here the baseline category differed from 7 to 8 hours, the base-

ine category was switched using the generalized least squares
ethod [34 ]. In studies where multiple categories of short or

ong sleep were available, a single estimate was obtained us-
ng the generalized least squares method [34 ]. Random-effects
odels were used in all analysis regardless of heterogeneity as

ecent evidence suggests that it provides more robust outcome
easures compared to the alternative fixed effects models [35 ].
he Hartung–Knapp method was also implemented to adjust
he confidence interval of the overall estimate [36 ]. 

Statistical heterogeneity was assessed via I2 and Cochran Q
est values, where an I2 value of < 25% represented low hetero-
eneity and an I2 value ≥25% represented moderate to high het-
rogeneity [37 , 38 ]. A Cochran Q test with a P value of ≤0.10 was
onsidered significant for heterogeneity. 

Where 10 or more studies were available for a particular out-
ome, additional analyses were conducted to evaluate poten-
ial sources of heterogeneity between studies [39 ]. Apart from
ubgroup analyses, univariate random-effects meta-regression 
ere conducted, and effect moderators were confirmed using
ermutation testing with 1000 iterations to eliminate spurious
esults [40 , 41 ]. Statistical significance was considered for out-
omes with a P ≤ 0.05. Leave-out-one influence analyses were
erformed to examine the influence of individual studies on
he overall findings. Cumulative meta-analyses were performed 
anked by year published, to examine the stability of published
ata over time. 

ertainty of evidence 

he quality of pooled evidence was evaluated using the Grad-
ng of Recommendations Assessment, Development and Eval- 
ations ( GRADE) framework [42 ]. The GRADE framework rates 
ach study on the basis of study design, consistency, directness,
isk of bias, precision, and publication bias. For each outcome,
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Figure 1: PRISMA flow diagram. 
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he level of evidence was rated as high, moderate, low, or very 
ow. 

ESULTS 

iterature search 

n the initial search, 3158 articles were included after removal 
f duplicates, of which 115 were selected for full-text review: 
2 articles met the final inclusion criteria [9 –11 , 12 , 43 –79 ,
0 ], 21 studies were prospective cohort studies, and 21 stud- 
es were cross-sectional studies. The inter-rate reliability as 
ssessed by Cohen’s kappa was 0.98 [81 ]. Figure 1 shows the 
RISMA flow diagram that summarizes the study selection 
rocess. 

tudy characteristics 

he total sample size was 2 613 971 participants. The mean age 
f the participants was 43.55 ± 14.01 years, and 73% of patients 
ere male. The included studies were completed between 1998 
nd 2020. Three studies measured sleep duration and quality by 
olysomnography or actigraphy, whereas 39 studies measured 
leep duration and quality by self-reported sleep questionnaire.
able 1 and 2 contains the summary of the key characteristics 
or included articles. Of the 43 included studies, 25 were rated at 
ow risk of bias, 10 at moderate risk of bias, and seven at high
isk of bias ( Supplement 2) . 
ncident CKD 

eta-analysis for short sleep duration 

here were 14 studies that reported the association of short 
leep duration with the risk of incident CKD [9 , 11 , 46 , 48 , 49 ,
0 , 52 , 60 , 61 , 63 , 69 , 76 , 77 , 78 ]. Based on the random-effects
odel, short sleep durations of ≤4 hours ( HR, 1.41; 95% CI, 1.16 

o 1.71; P < 0.01, I2 = 55%) , ≤5 hours ( HR, 1.46; 95% CI, 1.22 to 1.76;
 < 0.01, I2 = 63%) , ≤6 hours ( HR, 1.18; 95% CI, 1.09 to 1.29; P < 0.01,
2 = 13%) , and ≤7 hours ( HR, 1.19; 95% CI, 1.12 to 1.28; P < 0.01,
2 = 8%) were associated with a significantly increased risk of in- 
ident CKD. Significant associations were observed across both 
xed- and random-effects models ( Fig. 2 ) . 
Given that the meta-analysis of short sleep duration and risk 

f incident CKD contained sufficient studies for further anal- 
ses, meta-regression was also performed to examine the in- 
uence of study-level covariates on the risk of incident CKD.
eta-regression found that the percentage of male gender was 
 statistically significant effect moderator of the association of 
leep duration ≤4 hours and risk of incident CKD, accounting for 
7.22% of heterogeneity and leaving 43.72% of residual hetero- 
eneity. The pooled RR increased by a factor of 0.97 ( 95% CI, 0.60 
o 4.41) per 1% increase in number of male participants. The bub- 
le plot is shown in Supplement 3. Other characteristics includ- 
ng mean age, year of study completion, percentage of male par- 
icipants, percentage of obese participants, and mean BMI were 
ot significant effect moderators of the risk of incident CKD for 
he other classifications of sleep duration ( Supplement 4) . 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data


The association of sleep duration with the risk of chronic kidney disease 5

Ta
b
le
 
1:
 
C
h
ar
ac

te
ri
st
ic
s 
of
 
in
cl
u
d
ed

 
st
u
d
ie
s.
 

A
u
th

or
 

St
u
d
y 
d
es

ig
n
 

In
cl
u
si
on

 
cr
it
er
ia
 

G
eo

gr
ap

h
ic
al
 

re
gi
on

 
St
ag

e 
of

 
C
K
D
 

M
et
h
od

 
of

 
d
ia
gn

os
is
 
of

 

C
K
D
 

M
et
h
od

 
of

 
m
ea

su
re
m
en

t 
of

 

sl
ee

p
 
d
u
ra
ti
on

 
an

d
 
q
u
al
it
y 

A
ga

rw
al
 
et
 
al
. [
12

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
it
h
 
C
K
D
 
or

 
on

 
h
em

od
ia
ly
si
s 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

A
ct
ig
ra
p
h
y 

B
o 
et
 
al
. [
9 ]
 

C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
a 
st
an

d
ar
d
 
m
ed

ic
al
 

ex
am

in
at
io
n
 
p
ro

gr
am

 
co

n
d
u
ct
ed

 
by

 
th

e 
M
J 

H
ea

lt
h
 
M
an

ag
em

en
t 
In

st
it
u
ti
on

( T
ai
p
ei
, 

Ta
iw

an
) f
ro

m
 
19

96
 
to

 
20

14
 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

C
h
a 
et
 
al
. [
11

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
oG

ES
 
St
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

C
h
an

g 
et
 
al
. [
10

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
H
A
N
ES

 
Su

rv
ey

 
ov

er
 
19

 

ye
ar
s 
ol
d
 
w
it
h
 
in
fo
rm

at
io
n
 
on

 
sl
ee

p
 

p
ar
am

et
er
s 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

C
h
oi
 
et
 
al
. [
43

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
oG

ES
 
st
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

C
oh

en
 
et
 
al
. [
44

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pr
ed

ia
ly
si
s 
p
at
ie
n
ts
 
w
it
h
 
C
K
D
 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

D
el
 
B
ru

tt
o 
et
 
al
. [
45

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

A
ta
h
u
al
p
a 
re
si
d
en

ts
 
ag

ed
 
≥6

0 
ye

ar
s 
w
h
o 

w
er
e 
of
fe
re
d
 
a 
br

ai
n
 
M
R
I 

So
u
th

 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Fa
n
g 
et
 
al
. [
46

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
H
A
N
ES

 
Su

rv
ey

 
A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Fu
ji
ba

ya
sh

i e
t 
al
. [
47

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
w
h
o 
u
n
d
er
w
en

t 
an

n
u
al
 
h
ea

lt
h
 

ch
ec

ku
p
s 
be

tw
ee

n
 
M
ay

 
20

06
 
to

 
A
u
gu

st
 
20

10
 

A
si
a 

3 
to

 
4 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

G
en

g 
et
 
al
. [
48

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
Si
n
ga

p
or

e 
C
h
in
es

e 
H
ea

lt
h
 

St
u
d
y 
w
it
h
 
in
fo
rm

at
io
n
 
on

 
d
ai
ly
 
sl
ee

p
 

d
u
ra
ti
on

 

A
si
a 

5 
eG

FR
 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

G
u
 
et
 
al
. [
49

 ] 
C
oh

or
t 
st
u
d
y 

A
d
u
lt
 
Pa

ti
en

ts
 
fr
om

 
th

e 
K
H
A
N
ES

 
w
it
h
 
ty
p
e 
2 

d
ia
be

te
s 
m
el
li
tu

s 
A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

H
ir
an

o 
et
 
al
. [
50

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
St

 
Lu

ke
’s
 
In

te
rn

at
io
n
al
 

H
os

p
it
al
 
in

 
To

ky
o 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Je
an

-L
ou

s 
et
 
al
. [
51

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
N
at
io
n
al
 
H
ea

lt
h
 
In

te
rv
ie
w
 

Su
rv
ey

 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Ji
an

g 
et
 
al
. [
52

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
C
h
in
a 
H
ea

lt
h
 
an

d
 

R
et
ir
em

en
t 
Lo

n
gi
tu

d
in
al
 
St
u
d
y 

A
si
a 

3 
to

 
5 

Se
lf
-r
ep

or
te
d
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

K
ar
at
as

 
et
 
al
. [
53

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
h
o 
w
er
e 
p
re
d
ia
ly
si
s 
or

 
u
n
d
er
go

in
g 

h
em

od
ia
ly
si
s 

A
fr
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

K
im

 
et
 
al
. [
54

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
an

gb
u
k 
Sa

m
su

n
g 
H
ea

lt
h
 

St
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

K
u
cu

k 
et
 
al
. [
55

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
it
h
 
C
K
D
, u

n
d
er
go

in
g 
h
em

od
ia
ly
si
s,
 

p
er
it
on

ea
l d

ia
ly
si
s,
 
or

 
p
os

t-
re
n
al
 
tr
an

sp
la
n
t 

A
si
a 

4 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Le
e 
et
 
al
. [
56

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
it
h
 
C
K
D
 
or

 
ES

R
D
 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Li
 
et
 
al
. [
57

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
ai
lu
an

 
co

h
or

t 
st
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Lu
 
et
 
al
. [
58

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
20

13
, 2

01
4 
an

d
 
20

16
 

B
eh

av
io
ra
l R

is
k 
Fa

ct
or

 
Su

rv
ei
ll
an

ce
 
Sy

st
em

 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

Se
lf
-r
ep

or
te
d
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

M
en

g 
et
 
al
. [
59

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 
fr
om

 
th

e 
T
ia
n
ji
n
 

M
et
ab

ol
ic
 
D
is
ea

se
s 
H
os

p
it
al
 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

N
ag

ai
 
et
 
al
. [
60

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
Ji
ch

i M
ed

ic
al
 
Sc

h
oo

l 
A
m
bu

la
to
ry

 
B
lo
od

 
Pr
es

su
re

 
M
on

it
or

in
g 
st
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

N
ak

aj
im

a 
et
 
al
. [
61

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
N
A
FL

D
 
in

 
G
if
u
 
A
re
a,
 

Lo
n
gi
tu

d
in
al
 
A
n
al
ys

is
 
st
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 



6 J.H. Koh et al.

Ta
b
le
 
1:
 
C
on

ti
n
u
ed

 

A
u
th

or
 

St
u
d
y 
d
es

ig
n
 

In
cl
u
si
on

 
cr
it
er
ia
 

G
eo

gr
ap

h
ic
al
 

re
gi
on

 
St
ag

e 
of

 
C
K
D
 

M
et
h
od

 
of

 
d
ia
gn

os
is
 
of

 

C
K
D
 

M
et
h
od

 
of

 
m
ea

su
re
m
en

t 
of

 

sl
ee

p
 
d
u
ra
ti
on

 
an

d
 
q
u
al
it
y 

N
is
h
im

u
ra

 
et
 
al
. [
62

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
it
h
 
ty
p
e 
2 
d
ia
be

te
s 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Po
ly
so

m
n
og

ra
p
h
y 

Pe
tr
ov

 
et
 
al
. [
63

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
20

09
–2

01
2 
N
at
io
n
al
 
H
ea

lt
h
 

an
d
 
N
u
tr
it
io
n
 
Ex

am
in
at
io
n
 
Su

rv
ey

 

A
si
a 

1 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Pi
n
to

 
et
 
al
. [
64

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
w
it
h
 
C
K
D
 
co

m
p
ar
ed

 
w
it
h
 
h
ea

lt
h
y 

co
n
tr
ol
s 

A
si
a 

5 
eG

FR
 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Pl
at
in
ga

 
et
 
al
. [
65

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
N
at
io
n
al
 
H
ea

lt
h
 
an

d
 

N
u
tr
it
io
n
 
Ex

am
in
at
io
n
 
Su

rv
ey

 
20

05
–2

00
8 

N
or

th
 
A
m
er
ic
a 

3 
to

 
4 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Sa
bb

at
in
i e
t 
al
. [
66

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

K
id
n
ey

 
gr
af
t 
re
ci
p
ie
n
ts
 
an

d
 
p
at
ie
n
ts
 
on

 

h
em

od
ia
ly
si
s,
 
co

m
p
ar
ed

 
w
it
h
 
h
ea

lt
h
y 

co
n
tr
ol
s 

So
u
th

 
A
m
er
ic
a 

5 
eG

FR
 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Sa
li
fu

 
et
 
al
. [
67

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

C
ro

ss
-s
ec

ti
on

al
 
su

rv
ey

 
of

 
th

e 
N
at
io
n
al
 
H
ea

lt
h
 

In
te
rv
ie
w
 
Su

rv
ey

 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

Se
lf
-r
ep

or
te
d
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Sa
sa

ki
 
et
 
al
 
[6
8 ]
 

C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
w
h
o 
u
n
d
er
w
en

t 
an

n
u
al
 
h
ea

lt
h
 

ch
ec

ku
p
s 
be

tw
ee

n
 
A
p
ri
l 2

00
3 
an

d
 
M
ar
ch

 
20

04
 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Su
n
 
et
 
al
. [
69

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
20

11
 
an

d
 
20

15
 
su

rv
ey

s 
of

 

th
e 
C
H
A
R
LS

 

Eu
ro

p
e 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Ta
n
 
et
 
al
. [
70

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
Si
n
ga

p
or

e 
M
al
ay

 
Ey

e 
St
u
d
y 

an
d
 
Si
n
ga

p
or

e 
In

d
ia
n
 
Ey

e 
St
u
d
y 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Tu
 
et
 
al
. [
71

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
it
h
 
C
K
D
 
n
ot

 
on

 
d
ia
ly
si
s 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

U
n
ru

h
 
et
 
al
. [
72

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
u
n
d
er
go

in
g 
h
em

od
ia
ly
si
s,
 
co

m
p
ar
ed

 

w
it
h
 
h
ea

lt
h
y 
co

n
tr
ol
s 

A
si
a 

5 
eG

FR
 
m
ea

su
re
m
en

ts
 

Po
ly
so

m
n
og

ra
p
h
y 

W
an

g 
et
 
al
. [
73

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
C
H
A
R
LS

 
A
si
a 

3 
to

 
5 

Se
lf
-r
ep

or
te
d
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

W
ar
sa

m
e 
et
 
al
. [
74

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
N
H
A
N
ES

 
co

h
or

t 
ag

ed
 
≥6

0 
ye

ar
s 
of

 
ag

e 
w
it
h
 
m
ea

su
re
d
 
se

ru
m

 
cr
ea

ti
n
e 

an
d
 
at

 
le
as

t 
on

e 
as

se
ss
m
en

t 
of

 
co

gn
it
iv
e 

fu
n
ct
io
n
 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

W
u
 
et
 
al
. [
75

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
rt
ic
ip
an

ts
 
fr
om

 
th

e 
N
H
A
N
ES

 
N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

X
u
 
et
 
al
. [
76

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
C
H
A
R
LS

 
st
u
d
y 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Y
am

am
ot
o 
et
 
al
. [
77

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
w
h
o 
u
n
d
er
w
en

t 
an

n
u
al
 
h
ea

lt
h
 

ch
ec

ku
p
s 
be

tw
ee

n
 
A
p
ri
l 2

00
6 
an

d
 
20

10
 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Y
e 
et
 
al
. [
78

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
ri
sk

 
ev

al
u
at
io
n
 
of

 

ca
n
ce

rs
 
in

 
C
h
in
es

e 
d
ia
be

ti
c 
in
d
iv
id
u
al
s:
 
a 

lo
n
gi
tu

d
in
al

( R
EA

C
T
IO

N
) s

tu
d
y 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Y
u
 
et
 
al
. [
79

 ] 
C
ro

ss
-s
ec

ti
on

al
 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
K
H
A
N
ES

 
>
 19

 
ye

ar
s 
ol
d
 

w
it
h
 
in
fo
rm

at
io
n
 
on

 
sl
ee

p
 
p
ar
am

et
er
s 

N
or

th
 
A
m
er
ic
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

Z
h
an

g 
et
 
al
. [
80

 ] 
C
oh

or
t 
st
u
d
y 

Pa
ti
en

ts
 
fr
om

 
th

e 
U
K
 
B
io
ba

n
k 

A
si
a 

3 
to

 
5 

eG
FR

 
m
ea

su
re
m
en

ts
 

Se
lf
-r
ep

or
te
d
 
q
u
es

ti
on

n
ai
re

 

C
H
A
R
LS

, C
h
in
a 
H
ea

lt
h
 
an

d
 
R
et
ir
em

en
t 
Lo

n
gi
tu

d
in
al
 
St
u
d
y;
 
D
M
, d

ia
be

te
s 
m
el
li
tu

s;
 
H
T
N
, h

yp
er
te
n
si
on

; H
LD

, h
yp

er
li
p
id
em

ia
; K

oG
ES

, K
or

ea
 
G
en

om
e 
an

d
 
Ep

id
em

io
lo
gy

 
St
u
d
y;
 
K
H
A
N
ES

, K
or

ea
 
N
at
io
n
al
 
H
ea

lt
h
 
an

d
 
N
u
tr
it
io
n
al
 
Ex

am
i-
 

n
at
io
n
; N

H
A
N
ES

, N
at
io
n
al
 
H
ea

lt
h
 
an

d
 
N
u
tr
it
io
n
 
Ex

am
in
at
io
n
 
Su

rv
ey

; N
R
, n

ot
 
re
p
or

te
d
 



The association of sleep duration with the risk of chronic kidney disease 7

Figure 2: Forest plot for association of short sleep duration with a risk of incident CKD. 
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Table 2: Characteristics of included patients. 

Author 

Total 
popula- 
tion 

Number 
with 
CKD 

Mean 
age 

( years) Male ( %) 

Mean 
BMI 

( kg/m2 ) 
Obesity 

( %) DM ( %) HTN ( %) HLD ( %) CAD ( %) 
Smoking 

( %) 

Agarwal et al. [12 ] 280 261 61 .10 83 29.2 NR 47.00 NR NR NR NR 
Bo et al. [9 ] 194 039 8519 38 .20 51 22.8 NR NR NR NR 0.00 23.00 
Cha et al. [11 ] 2837 642 55 .40 50 NR 31.00 34.91 11.66 NR 0.00 40.70 
Chang et al. [10 ] 26 249 963 39 .30 55 22.1 24.80 3.20 13.38 11.05 NR NR 
Choi et al. [43 ] 1360 125 60 .00 40 24.5 NR 12.10 37.90 24.00 7.60 11.30 
Cohen et al. [44 ] 153 92 61 .50 51 NR NR 46.10 NR NR NR NR 
Del Brutto et al. [45 ] 314 182 71 .10 31 NR NR NR NR NR NR NR 
Fang et al. [46 ] 17 418 963 51 .30 44 23.9 NR 24.50 24.50 NR NR 39.48 
Fujibayashi et al. [47 ] 25 493 2748 48 .50 74 23.1 24.90 NR NR NR 2.20 55.20 
Geng et al. [48 ] 63 147 1143 56 .40 44 23.1 NR 8.90 23.60 NR 0.00 31.30 
Gu et al. [49 ] 5930 742 58 .70 49 24.8 NR 100.00 60.00 29.80 0.00 48.10 
Hirano et al. [50 ] 76 705 4214 45 .80 49 NR 19.20 2.00 7.70 4.60 0.00 38.70 
Jean-Lous et al. [51 ] 123 967 305 42 .00 50 NR 27.70 8.20 24.10 NR 3.00 42.40 
Jiang et al. [52 ] 11 677 560 58 .70 45 23.4 NR NR NR NR 0.00 69.90 
Karatas et al. [53 ] 240 149 52 .80 52 NR NR NR NR NR NR NR 
Kim et al. [54 ] 241 607 644 40 .60 56 24.5 39.40 6.10 16.50 NR 1.60 61.40 
Kucuk et al. [55 ] 140 140 43 .00 51 NR NR NR NR NR NR NR 
Lee et al. [56 ] 500 500 60 .00 60 28.6 NR 8.66 50.40 NR 55.10 NR 
Li et al. [57 ] 11 040 425 53 .70 NR 25.0 NR 26.00 67.30 NR 1.35 44.20 
Lu et al. [58 ] 1 191 768 40 866 NR 51 NR NR NR NR NR NR NR 
Meng et al. [59 ] 336 102 52 .70 53 26.7 NR NR NR NR NR 37.00 
Nagai et al. [60 ] 514 194 72 .30 37 24.6 NR 14.70 NR 21.10 0.00 21.30 
Nakajima et al. [61 ] 2201 2201 42 .10 54 22.0 NR NR NR NR 0.00 63.00 
Nishimura et al. [62 ] 462 303 58 .50 86 27.0 NR 100.00 68.60 NR NR 23.40 
Petrov et al. [63 ] 8030 601 46 .40 51 NR 33.90 7.70 31.00 NR 3.10 NR 
Pinto et al. [64 ] 39 20 54 .90 NR NR NR NR NR NR NR NR 
Platinga et al. [65 ] 9110 1805 47 .20 50 NR 33.80 8.30 42.00 NR 8.50 19.90 
Sabbatini et al. [66 ] 715 546 40 .80 60 23.6 NR NR NR NR NR NR 
Salifu et al. [67 ] 128 479 2480 59 .60 45 NR 36.70 34.20 68.00 NR 22.60 54.50 
Sasaki et al. [68 ] 3600 182 47 .00 78 23.1 NR 0.00 0.00 0.00 0.00 63.40 
Sun et al. [69 ] 11 339 887 58 .80 47 23.8 10.72 11.60 37.90 NR NR 39.28 
Tan et al. [70 ] 1258 268 64 .60 49 27.4 67.50 100.00 91.50 NR 20.50 11.10 
Tu et al. [71 ] 326 326 57 .87 73 26.5 NR 53.60 69.70 NR NR 16.60 
Unruh et al. [72 ] 184 46 62 .70 72 28.0 NR 32.60 NR NR 32.60 56.50 
Wang et al. [73 ] 4003 NR 52 .48 43 24.1 NR 5.30 18.70 NR 8.20 36.60 
Warsame et al. [74 ] 3215 1061 NR 46 27.9 NR 23.10 75.40 NR 8.80 50.10 
Wu et al. [75 ] 8269 223 48 .50 49 30.0 NR 13.80 37.90 32.20 5.74 NR 
Xu et al. [76 ] 4188 346 58 .90 43 23.7 NR 8.00 NR NR 12.20 28.60 
Yamamoto et al. [77 ] 6834 550 34 .00 50 22.0 NR 0.50 2.40 1.70 0.30 19.10 
Ye et al. [78 ] 33 850 NR 58 .10 33 24.7 15.10 22.80 60.30 NR NR 15.20 
Yu et al. [79 ] 19 994 NR 52 .50 52 24.0 NR 7.00 1.10 8.00 NR 0.90 
Zhang et al. [80 ] 370 671 6365 56 .40 45 29.2 NR 8.90 NR NR NR 45.80 

DM, diabetes mellitus; HTN, hypertension; HLD, hyperlipidemia; NR, not reported 
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For all outcomes, although visual inspection suggested the 
ossibility of funnel plot asymmetry, this was not shown by Eg- 
er’s test. Trim and fill resulted in minimal change to the pooled 
ffect sizes. For all analyses, leave-one-out influence analysis 
howed that no single study had a drastic change on the pooled 
isk ratio, and cumulative meta-analysis showed a significant 
nd stable pooled effect size ( Supplements 5 and 6) . 

eta-analysis for long sleep duration 

here were 14 studies that reported the association of long sleep 
uration with incident CKD [9 , 11 , 46 , 48 , 49 , 50 , 52 , 60 , 61 , 63 ,
8 , 69 , 76 , 78 ]. Based on the random-effects model, long sleep 
urations of ≥8 hours ( HR, 1.15; 95% CI, 1.03 to 1.28; P < 0.01,
2 = 46%) and ≥9 hours ( HR, 11.46; 95% CI, 1.28 to 1.68; P < 0.01,
2 = 7%) were associated with a significantly increased risk of 
ncident CKD ( Fig. 3 ) . 

Meta-regression was also performed for sleep durations ≥8 
ours to examine the influence of study-level covariates on the 
isk of incident CKD. Meta-regression found that mean age, year 
f study completion, percentage of male participants, percent- 
ge of obese participants, and mean BMI were not significant 
ffect moderators of the risk of incident CKD ( Supplement 4) . 

For sleep durations ≥8 hours, while visual inspection sug- 
ested the possibility of funnel plot asymmetry, this was not 
hown by Egger’s test. Trim and fill resulted in minimal change 
o the pooled effect sizes. For all analyses, leave-one-out influ- 
nce analysis showed that no single study had a drastic change 
n the pooled risk ratio, and cumulative meta-analysis showed 
 significant and stable pooled effect size ( Supplements 5 and 6) .

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
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Figure 3: Forest plot for association of long sleep duration with risk of incident CKD. 
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eta-analysis for short sleep duration 

here were 16 studies that reported the association of short
leep duration with the risk of prevalent CKD [10 , 12 , 43 , 47 , 51 ,
4 , 57 , 58 , 62 , 65 , 67 , 70 , 72 , 74 , 79 , 80 ]. Based on the random-
ffects model, short sleep durations of ≤4 hours ( RR, 1.33; 95%
I, 1.13 to 1.56; P < 0.01, I2 = 19%) , ≤5 hours ( RR, 1.54; 95% CI,
.31 to 1.81; P < 0.01, I2 = 27%) , ≤6 hours ( RR, 1.39; 95% CI, 1.24
o 1.56; P < 0.01, I2 = 27%) , and ≤7 hours ( RR, 1.29; 95% CI, 1.16
o 1.44; P < 0.01, I2 = 20%) were associated with a significantly
ncreased risk of prevalent CKD. Significant associations were 
bserved across both fixed- and random-effects models ( Fig. 4 ) .
eta-regression found that mean age, year of study comple- 

ion, percentage of male participants, percentage of obese par- 
icipants, and mean BMI were not significant effect moderators 
f the risk of prevalent CKD ( Supplement 4) . Subgroup analy- 
es stratified by study methodology found that the association 
f short sleep duration with prevalent CKD remained signifi- 
ant across cohort and cross-sectional studies. Subgroup anal- 
ses also did not find any significant differences in associa-
ion of short sleep duration with prevalent CKD between studies
hat used objective and subjective measures of sleep duration 
 Supplement 8) . 
eta-analysis for long sleep duration 

here were nine studies that reported the association of long
leep duration with the risk of prevalent CKD [10 , 43 , 54 , 57 , 58 ,
5 , 67 , 70 , 74 ]. Based on the random-effects model, long sleep du-
ations of ≥8 hours ( RR, 1.53; 95% CI, 1.32 to 1.77; P < 0.01, I2 = 4%)
nd ≥9 hours ( RR, 1.65; 95% CI, 1.43 to 1.91; P < 0.01, I2 = 0%)
ere associated with a significantly increased risk of prevalent
KD. Significant associations were observed across both fixed-
nd random-effects models ( Fig. 5 ) . 

eta-analysis for sleep quality 

here were five studies that reported the association of sleep
uality with CKD [45 , 55 , 56 , 59 , 64 ]. Based on the random-effects
odel, poor sleep quality as indicated by a PSQI score of ≥5 was
ot associated with a significantly increased risk of CKD ( RR,
.91; 95% CI, 0.65 to 1.26; P < 0.57, IP = 49%) ( Fig. 6 ) . 

RADE quality of evidence 

he certainty of evidence for the association of sleep dura-
ion and quality with CKD were assessed using the GRADE

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
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Figure 4: Forest plot for association of short sleep duration with risk of prevalent CKD. 
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Figure 5: Forest plot for association of long sleep duration with risk of prevalent CKD. 

Figure 6: Forest plot for association of sleep quality with risk of CKD. 
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ramework. The results of this assessment are shown in 
upplement 9. 

ISCUSSION 

n this systematic review and meta-analysis of 2 525 312 par-
icipants, short sleep duration and long sleep duration versus a
eference range of 7 to 8 hours was associated with an increased
isk of CKD. This association remained consistent across sleep 
urations of < 4, 5, 6, and 7 hours for short sleep durations,
nd > 8 and 9 hours for long sleep durations. Meta-regression
ound that the percentage of male participants and percentage 
f Caucasian participants were significant effect moderators of
he association between short sleep duration and risk of CKD.
he results of the meta-analysis were robust across different
ensitivity analyses, including leave-one-out, cumulative, and 
rim-and-fill analyses. In 2020, Hao et al. investigated the re-
ationship between sleep duration and the risk of CKD [82 ].
ur meta-analysis updates this review and further provides
eta-analyses of the association of sleep quality with the

isk of CKD. Given that insomnia and poor sleep quality often
o-occur with cardiovascular diseases, psychiatric illness, and 
mpaired social functioning that may complicate the course
f CKD, identification of patients with short or excessive sleep

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae177#supplementary-data
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uration may allow for early intervention to minimize delays 
nd improve clinical outcomes and quality of life. 

This meta-analysis provides robust evidence that both 
nadequate and excessive sleep may increase the risk of CKD 

n adults, with these findings being supported by previous 
orks. Published literature has proposed several mechanisms 
o explain the influence of sleep deprivation on renal patho- 
hysiology. First, the sympathetic nervous system is often 
veractive in situations of reduced sleep duration, which has 
een shown to be a risk factor for the development of CKD [83 ,
4 ]. Second, sleep deprivation predisposes to overactivity of 
he renin–angiotensin aldosterone system, with the resulting 
hronobiological alterations playing an important role in the 
rogression of CKD [85 ]. Third, sleep deprivation results in 
levated high-sensitivity C-reactive protein concentrations,
hich predisposes people to a chronic inflammatory state and 

ncreases the risk of cardiovascular illness, including CKD [86 ,
7 ]. Fourth, uremia is commonly implicated in the pathogenesis 
f poor sleep quality in patients with CKD. Chronic uremia is 
ssociated with neuropathy and myopathy, which predisposes 
eople to upper airway dilator muscle dysfunction and sleep 
pnea [88 , 89 ]. Peripheral neuropathy, which may arise either 
econdary to uremia or from the underlying cause of CKD such 
s diabetes, may also predispose patients to develop restless leg 
yndrome or periodic limb movements [90 , 91 ]. Taken together,
hese findings suggest a strong pathophysiological basis for the 
ink between accumulated sleep deficit and the risk of CKD.
onetheless, it is plausible that among the studies that reported 
he prevalence of CKD, CKD itself may contribute to poor sleep 
17 ]. Further research with larger prospective studies may be 
arranted to confirm the effect of poor sleep on the risk of CKD.
With regards to shift work and its influence on the risk of 

KD, Sasaki et al. found no significant association of shift work 
ith the risk of CKD [68 ]. However, short sleep duration was as- 
ociated with a significantly higher risk of CKD in shift workers 
ut not in non-shift workers, suggesting that shift work may be 
n effect modifier of the association between sleep duration and 
KD. The basis for this association may be the disrupted circa- 
ian rhythm in shift workers, which contributes to the devel- 
pment of cardiovascular disease and other metabolic disorders 
92 , 93 ]. Shift work has been found to enhance the association 
etween short sleep duration and obesity. While shift work may 
e associated with deleterious lifestyle factors and job strain 
hich predisposes to the development of CKD, Sasaki et al. found 
hat the risk of CKD in shift workers with short sleep duration 
as significantly increased even after adjustment for lifestyle 
actors, such as smoking status, alcohol consumption, exercise,
nd job strain [94 , 95 ]. These results indicate that the interac- 
ion of shift work and short sleep duration may accelerate the 
evelopment of CKD. 
Interestingly, the meta-regression revealed that the percent- 

ge of male participants was a significant effect moderator of 
he association between short sleep duration and the risk of 
KD, specifically among ≤4 hours of sleep. An increased percent- 
ge of male participants increased the risk ratio of developing 
KD, among these subsets of sleep duration. Whereas published 
pidemiological data suggests a female preponderance for CKD,
idney function was found to decline faster in men than women.
ossible reasons include unhealthier lifestyles in men, the dam- 
ging effects of testosterone, and the protective effects of estro- 
en on renal function [96 ]. Furthermore, modifiable risk factors 
ncluding BMI and plasma glucose accelerate CKD progression 
n a greater extent in men than woman. Taken together, the in- 
erplay of these hormonal and lifestyle factors, coupled with the 
xisting influence of short sleep duration, may result in the ap- 
arent increase in risk of CKD among male patients compared 
ith female patients. 
The meta-analysis found that long sleep duration was asso- 

iated with an increased risk of CKD. This association remained 
ignificant across ≥8, ≥9, and ≥10 hours of sleep. Published lit- 
rature suggests that the association between long sleep dura- 
ion and CKD is multifactorial, being an interplay of physical in- 
ctivity, systemic inflammation, immune dysfunction, and dis- 
ase status. For instance, long sleep duration has been associ- 
ted with higher CRP and interleukin-6 levels, which are mark- 
rs of a pro-inflammatory state [97 ]. Correspondingly, those who 
leep for long periods often experience sleep fragmentation, ex- 
essive daytime sleepiness, poor sleep quality, and a sedentary 
ifestyle [98 , 99 ]. The findings of this meta-analysis also support 
hose reported by Hao et al. in 2020, which found a significant as-
ociation between sleep > 8 or 9 hours and the risk of CKD [82 ].
owever, it should be noted that there were limited data per- 
aining to the association of sleep duration ≥10 hours and the 
isk of CKD, with only two studies being identified. Further pri- 
ary studies investigating the risk of CKD in this subset of par- 

icipants may be useful in confirming this apparent association 
etween long sleep duration and the risk of CKD. 

Interestingly, the meta-analysis did not find any significant 
ssociation between poor sleep quality and the risk of CKD.
ithin the included studies, a PSQI cutoff score of 5 was selected 
s being indicative of poor sleep quality. The PSQI has demon- 
trated good sensitivity and specificity in validation studies, al- 
hough it remains a subjective classification of sleep quality 
100 ]. There is a well-established link between poor sleep quality 
nd cardiovascular and psychiatric illness, given the mutually 
ependent interactions of the kidney–heart–brain crosstalk. The 
rogression of CKD may create a vicious cycle of sleep disorders,
KD, and CKD-related complications. However, there is a lack 
f sufficient robust evidence for the relationship between poor 
leep quality and CKD, as seen from the small number of stud-
es identified in this systematic review. The causal relationship 
etween sleep quality and CKD also remains debatable, as poor 
leep quality may be a manifestation of major underlying fac- 
ors, including a heavy burden of concomitant disease or inade- 
uate dialysis. Within the included studies for the meta-analysis 
f sleep quality, there were patients who had concomitant sleep 
isorders, such as sleep apnea and restless leg syndrome. These 
leep disorders may be effect modifiers of the relationship be- 
ween sleep quality and the risk of CKD. Further well-conducted 
tudies will be useful in elucidating this relationship between 
oor sleep quality and the risk of CKD. 
The strengths of this study lie in the large number of system- 

tically included studies from diverse settings. Through a rigor- 
us prespecified protocol of systematic searching, bias assess- 
ent, and quality grading according to international guidelines,

hese help to enhance the generalizability of these findings. Of 
he 39 included studies, only seven studies were found to be of 
igh risk of bias, and their exclusion did not change the find-
ngs to of the meta-analysis significantly. Meta-regression was 
ble to adequately explain the observed heterogeneity in the 
eta-analysis, and the pooled effect sizes were robust to sub- 
roup analyses, meta-regression, influence, and cumulative and 
mall-study analyses. Overall, minimal evidence of publication 
ias was found. 

There were appreciable limitations of this meta-analysis.
irst, the observational nature of the included studies does not 
ermit causal conclusion due to the inability to exclude residual 
onfounding. Second, there were unfortunately no data available 
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or patients on transplant. Therefore, subgroup analyses com- 
aring patients undergoing and not undergoing renal trans- 
lants could not be performed. Third, there were limited data
vailable pertaining to the association of sleep quality with the
isk of CKD, with only five studies identified in this respect. Fur-
her well-conducted studies will be useful in identifying possible 
ssociations between sleep quality and the risk of CKD. Fourth,
he conduct of meta-regression was limited by the availability of
ublished literature and could only be performed among stud- 
es that reported data on the particular covariate. Aggregate or
cological bias could not be excluded due to the assumption of
inearity. Fifth, there was a lack of randomized trials identified in
he literature search, which may reduce the overall strength of
he meta-analysis and increase the effect of confounding factors 
nd bias. Therefore, causal relationships cannot be inferred from 

his meta-analysis. The power of the meta-regression is also rel-
tively small in the presence of confounding factors, which may
ncrease the chance of false positive results, therefore the results
f the meta-regression should be interpreted with caution. 

ONCLUSION 

n this systematic review and meta-analysis of 39 studies in-
olving 2 525 312 participants, both short and long sleep du-
ations were significantly associated with a higher risk of CKD.
his association remained significant across various sleep dura- 
ions, including ≤4, ≤5, ≤6, and ≤7 hours of sleep. Similar as-
ociations were also seen for ≥8, ≥9, and ≥10 hours of sleep.
eta-regression revealed that mean age, percentage of male pa- 

ients, and year of study completion did not significantly alter
he pooled effect sizes. Poor sleep quality as indicated by a PSQI
core of ≥5 was not associated with a higher risk of CKD. This
tudy highlights the relationships between sleep duration and 
KD and adds to the growing evidence base suggesting the in-
erplay between both entities. Physicians treating patients with 
leep disorders should be aware of these associations and adopt
argeted interventions to improve clinical outcomes and quality 
f life in these patients. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online.
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