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Study Objectives: To evaluate the association between early stages of chronic kidney disease (CKD) and sleep disordered breathing (SDB), restless legs 
syndrome (RLS), and subjective and objective sleep quality (SQ).
Methods: Cross-sectional analysis of a general population-based cohort (HypnoLaus). 1,760 adults (862 men, 898 women; age 59.3 (± 11.4) y) underwent 
complete polysomnography at home.
Results: 8.2% of participants had mild CKD (stage 1–2, estimated glomerular filtration rate [eGFR] ≥ 60 mL/min/1.73 m2 with albuminuria) and 7.8% 
moderate CKD (stage 3, eGFR 30–60 mL/min/1.73 m2). 37.3% of our sample had moderate-to-severe SDB (apnea-hypopnea index [AHI] ≥ 15/h) and 
15.3% had severe SDB (AHI ≥ 30/h). SDB prevalence was positively associated with CKD stages and negatively with eGFR. In multivariate analysis, 
age, male sex, and body mass index were independently associated with SDB (all P < 0.001), but kidney function was not. The prevalence of RLS was 
17.5%, without difference between CKD stages. Periodic leg movements index (PLMI) was independently associated with CKD stages. Subjective and 
objective SQ decreased and the use of sleep medication was more frequent with declining kidney function. Older age, female sex, and the severity 
of SDB were the strongest predictors of poor SQ in multivariate regression analysis but CKD stage was also independently associated with reduced 
objective SQ.
Conclusions: Patients with early stages of CKD have impaired SQ, use more hypnotic drugs, and have an increased prevalence of SDB and PLM. After 
controlling for confounders, objective SQ and PLMI were still independently associated with declining kidney function.
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INTRODUCTION
Sleep complaints are common in patients with chronic kidney 
disease (CKD), with up to 80% of patients with end-stage renal 
disease (ESRD) presenting with poor sleep quality, sleep dis-
ordered breathing (SDB), and restless legs syndrome (RLS).1–4

SDB is a disease characterized by repeated episodes of upper 
airway obstruction during sleep, which cause repetitive de-
creases in nighttime oxygen saturation and arousals from sleep. 
Sleep fragmentation and the repeated desaturation episodes 
cause oxidative stress and stimulate the sympathetic nervous 
system, leading to hypertension and increased cardiovascular 
risk.5–7 Hypertension and activation of the neuroendocrine axis 
are known risk factors for renal function loss and may explain 
the association between SDB and CKD.8 Conversely, there is 
some evidence that kidney failure may promote the development 
of SDB and nocturnal hypoxia, with fluid overload shifting to the 
upper part of the body in the supine position, leading to an upper 
airway edema and an increased risk of pharyngeal collapse.9,10

Likewise, RLS has been described to be highly prevalent in 
hemodialysis patients, possibly due to uremia, iron deficiency, 
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Significance
Analyzing a large population-based cohort by polysomnography, we observed an independent association between declining kidney function, objective 
sleep quality and periodic leg movements. Conversely, the increased prevalence of sleep disordered breathing in early stages of chronic kidney disease 
seems to be explained by classic risk factors, such as age, sex, and obesity. These observations provide new information to the current understanding 
of sleep disturbances in chronic kidney disease patients, suggesting that specific mechanisms appearing late in the course of kidney function decline, 
such as uremic toxins accumulation and fluid overload, may explain the increased prevalence of sleep disordered breathing in end stage renal disease 
patients. The causal significance of the described relationships warrants prospective investigation.

and metabolic imbalance.4,11 Both SDB and RLS, as well as 
metabolic disturbances and comorbidities, may explain the 
poor sleep quality of hemodialysis patients.

Even though sleep disturbances in subjects with advanced 
kidney dysfunction are increasingly studied, only a very lim-
ited number of studies have attempted to objectively char-
acterize sleep in early CKD, and no polysomnographic data 
exist in this population.8 Using nocturnal cardiovascular moni-
toring in patients from nephrology clinics, Nicholl et al.3 found 
a higher prevalence of SDB in patients with CKD stage 3–4 
when compared to patients without kidney failure. Signifi-
cantly lower sleep efficiency and higher sleep fragmentation 
were described by Agarwal and Light12 in 145 patients with 
CKD stage 3–4, when compared with 19 subjects without 
kidney disease, assessed by actigraphy.

In this analysis, we aimed to evaluate the association be-
tween early stages of CKD and SDB, RLS, as well as subjec-
tive and objective sleep quality, in a large population-based 
sample investigated by polysomnography.
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METHODS

Participants
Data of the population-based cross-sectional HypnoLaus 
study, performed between 2009 and 2013 as an ancillary study 
of the CoLaus/PsychoLaus cohort, were analyzed. CoLaus/
PsychoLaus is a general-population based cohort, started in 
2003 with the primary aim to explore the epidemiology and ge-
netic determinants of cardiovascular risk factors.13 It includes 
6,732 participants aged 35–75 y, recruited in the city of Laus-
anne, Switzerland by simple, nonstratified random selection of 
the inhabitants.

The HypnoLaus cohort included a subgroup of 2,162 par-
ticipants to CoLaus/PsychoLaus, randomly selected to be 
representative of the main cohort and of the general popula-
tion of Lausanne, which were investigated by home nocturnal 
polysomnography. Details on participant selection, assessment 
process, and clinical data measurements have been described 
previously.14

The study complied with the Declaration of Helsinki and 
was approved by the local institutional ethics committee. All 
participants provided written informed consent.

Only subjects with complete data allowing kidney function 
assessment and with an estimated glomerular filtration rate 
(eGFR) ≥ 30 mL/min were considered for the current analysis. 
There were 398 subjects excluded because of incomplete data 
regarding kidney function (2 missing creatinine, 396 missing 
urinary spot for albuminuria) and 4 because of eGFR < 30 mL/
min/1.73 m2 (Table S1, supplemental material).

Measurements and Equipment
Kidney function was estimated with the CKD-Epidemiology 
collaboration (CKD-EPI) equation,15 using creatinine from a 
morning fasting venous blood sample. Albuminuria was mea-
sured as albumin-to-creatinine ratio on a morning urinary spot. 
Laboratory analyses were performed in the CHUV Clinical Lab-
oratory of Lausanne using the Roche method on a MODULAR 
apparatus (Roche Diagnostics, Rotkreuz, Switzerland) and 
stringent internal quality controls. Participants were categorized 
as having either CKD stage 1–2 (eGFR ≥ 60 mL/min/1.73 m2 
with albuminuria), CKD stage 3 (eGFR 30–60 mL/min/1.73 
m2) or normal kidney function (eGFR ≥ 60 mL/min/1.73 m2 
without albuminuria), according to the Kidney Disease - Im-
proving Global Outcomes (KDIGO) classification.16 For the 
analysis, eGFR was also divided in quartiles: 30 to 72; 72 to 83; 
83 to 93, and 93 to 127 mL/min/1.73 m2.

All participants underwent unattended home polysomnog-
raphy, recorded with a digital system device (Embletta; Embla 
Systems, Flaga, Reykjavik, Iceland) and manually scored by a 
trained technician using Somnologica software (Version 5.1.1, 
by Embla Flaga, Reykjavik, Iceland). Sleep stages and arousals 
were scored according to the American Academy of Sleep 
Medicine (AASM) 2007 criteria.17–19 Total sleep time (TST), 
sleep efficiency (percentage of time in bed spent asleep) and 
the duration of slow wave sleep (SWS) and rapid eye move-
ment (REM) sleep were used to characterize objective sleep 
quality. Periodic leg movements during sleep (PLM) were 
assessed by surface electromyography (right and left anterior 

tibialis muscles), scored according to the official World Asso-
ciation of Sleep Medicine standards,20 developed in collabora-
tion with the task force from the International Restless Legs 
Syndrome Study Group (IRLSSG), and expressed as number 
of PLM per hour of sleep (PLM index, PLMI). Chest and ab-
dominal motion bands, finger pulse oximetry, and a nasal pres-
sure cannula were applied to analyze respiration and to assess 
SDB according to the AASM 2012 consensus criteria.21

We assessed subjective sleep quality using the following 
question: “During the past month, how would you rate your 
sleep quality overall?” coded in four levels (very good, fairly 
good, fairly bad, very bad), corresponding to the subjective 
sleep quality item of the Pittsburgh Sleep Quality Index.22 

“Fairly bad” and “very bad” answers were considered as poor 
subjective sleep quality for the analysis. The presence of RLS 
was assessed by questionnaire, using the criteria proposed by 
the International RLS study group.23

Data on medication taken before the sleep recording were 
collected using a questionnaire administered in the morning. 
Hypnotics and benzodiazepines were considered as sleep 
medications.

Statistics
Statistical analysis was conducted using Stata 11.0 for Win-
dows (Stata Corp LP, College Station, TX, USA) and R 3.1.0 (R 
Foundation for Statistical Computing, Vienna, Austria). Mean 
and standard deviation were used to describe continuous vari-
ables, and percentages to describe dichotomous or categorical 
variables. We used a t-test and a chi-square test to compare 
the characteristics of groups as appropriate, and univariate, lo-
gistic, or linear regression to assess the trend across ordered 
categorical variables. The factors associated with the presence 
of each studied sleep disorder were explored by multivariate 
logistic or linear regression. Statistical significance was estab-
lished for a two-sided test P < 0.05.

RESULTS

Study Population
There were 862 men and 898 women who were included in the 
current analysis. Mean age of the population was 56.7 (10.7) y 
and mean eGFR 81.9 (14.9) mL/min/1.73 m2. There were 282 
patients (16.0%) with CKD: 8.2% of stage 1–2 and 7.8% of 
stage 3. Demographic, anthropometric, and relevant medical 
data of the study population are detailed in Table 1.

Sleep Disordered Breathing
The prevalence of moderate-to-severe SBD (apnea-hypopnea 
index [AHI] ≥ 15/h) was 35.2% in participants without CKD, 
53.8% in CKD stage 1–2, and 43.1% in CKD stage 3. The prev-
alence of severe SDB (AHI ≥ 30/h) increased progressively 
across CKD stages: 14.4% in patients without CKD, 20.0% 
and 21.2% respectively in stages 1–2 and 3 (P < 0.001 for 
trend). The prevalence of both moderate-to-severe and severe 
SDB increased significantly with decreasing eGFR (P < 0.001 
for trend across eGFR quartiles) (Figure 1).

In multivariate analysis, age, male sex, and BMI were the 
only factors independently associated with SDB, whereas 
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CKD stages and GFR quartiles were 
not (Table 2).

RLS and PLMS
RLS was present in 256 participants, 
corresponding to 17.5% of the whole 
sample. Its prevalence tended to in-
crease with CKD stages, being the 
lowest (16.9%) in subjects without CKD 
and at highest (24.3%) in CKD stage 3; 
there was, however, no difference in 
RLS prevalence between eGFR quar-
tiles (Figure 2). Multivariate analysis 
showed no independent association be-
tween RLS prevalence and CKD stages 
or eGFR quartiles after adjusting for 
confounders (Table 2). This lack of as-
sociation persisted after adding in the 
model hemoglobin level and red blood 
cell distribution width as a marker of 
iron deficiency.

The PLMI was higher in partici-
pants with more advanced CKD stages 
and lower eGFR (Figure 2). The 

Figure 1—Prevalence of sleep disordered breathing across chronic kidney disease stages and 
eGFR quartiles. (A) SDB and CKD stages. (B) SDB and eGFR quartiles. CKD, chronic kidney 
disease; CKD stage 1–2, eGFR ≥ 60 mL/min/1.73 m2 with albuminuria; CKD stage 3, eGFR 30–
60 mL/min/1.73 m2; eGFR, glomerular filtration rate, estimated with the Chronic Kidney Disease 
Epidemiology Collaboration (CKD–EPI) formula; No CKD, eGFR ≥ 60 mL/min/1.73 m2 without 
albuminuria; Q1-Q4, quartiles of eGFR (30 to 72; 72 to 83; 83 to 93 and 93 to 127 mL/min/1.73 m2); 
SDB, sleep disordered breathing.

A B

Table 1—Characteristics of the study population.

All No CKD CKD Stage 1–2 CKD Stage 3 P for trend
n (%) 1,760 (100.0) 1,478 (84.0) 145 (8.2) 137 (7.8)
Demographic

Male sex, n (%) 862 (49.0) 706 (47.8) 91 (62.8) c 65 (47.4) 0.195
Age, y 56.7 (10.7) 55.4 (10.2) 58.4 (10.6) b 68.6 (7.8) c < 0.001
BMI, kg/m2 25.7 (4.3) 25.5 (4.2) 26.6 (4.8) 26.6 (4.4) b < 0.001
eGFR, mL/min/1.73 m2 81.9 (14.9) 84.4 (12.5) 83.4 (14.1) 52.8 (6.8) c < 0.001
Hypertension, n (%) 766 (43.6) 577 (39.1) 88 (60.7) c 101 (73.7) c < 0.001
Diabetes, n (%) 178 (10.1) 115 (7.8) 37 (25.5) c 26 (19.0) c < 0.001
Depression, n (%) 235 (14.9) 200 (15.1) 18 (13.8) 17 (13.9) 0.652
Active smoking, n (%) 326 (18.5) 265 (17.9) 48 (33.1) c 13 (9.5) a 0.703
Alcohol consumption ≥ 2 units/day, n (%) 257 (14.6) 198 (13.4) 38 (26.2) c 21 (15.3) 0.029

Sleep
Total sleep time, min 400 (72) 402 (71) 384 (77) b 386 (79) a 0.001
Sleep efficiency, % 84.5 (10.9) 85.4 (10.6) 82.2 (10.7) c 77.8 (12.1) c < 0.001
Slow wave sleep, min 78.2 (35.3) 80.6 (34.6) 68.3 (36.7) c 63.4 (36.4) c < 0.001
Slow wave sleep, % 19.7 (8.6) 20.2 (8.4) 17.9 (9.2) b 16.5 (9.4) c < 0.001
REM sleep, min 87.8 (31.3) 89.8 (31.0) 80.6 (30.3) c 73.8 (30.0) c < 0.001
REM sleep, % 21.7 (6.2) 22.0 (6.1) 20.8 (6.4) a 19.0 (7.0) c < 0.001
AHI, events/h 15.9 (16.6) 15.1 (15.8) 20.2 (18.9) b 20.0 (20.3) b < 0.001
SDB, n (%) 657 (37.3) 520 (35.2) 78 (53.8) c 59 (43.1) 0.001
PLMI, events/h 14.0 (23.9) 12.3 (20.8) 20.7 (33.7) b 25.2 (35.4) c < 0.001
Restless legs syndrome, n (%) 256 (17.5) 209 (16.9) 21 (18.1) 26 (24.3) 0.065
Sleep medication use, n (%) 161 (9.3) 125 (8.6) 16 (11.1) 20 (14.9) a 0.011

a P < 0.05, b P < 0.01, c P < 0.001 compared to no CKD; P for trend across CKD stages by univariate logistic or linear regression analysis. AHI, index of 
apnea-hypopneas per hour of sleep; BMI, body mass index; CKD, chronic kidney disease; CKD stage 1–2: eGFR ≥ 60 mL/min/1.73 m2 with albuminuria; 
CKD stage 3: eGFR 30–60 mL/min/1.73 m2; eGFR, glomerular filtration rate, estimated with the Chronic Kidney Disease Epidemiology Collaboration 
(CKD–EPI) formula; no CKD, eGFR ≥ 60 mL/min/1.73 m2 without albuminuria; REM sleep, rapid eye movement sleep; SDB, moderate-to-severe sleep 
disordered breathing (AHI ≥ 15/h); PLMI, index of periodic legs movements (PLM) per hour of sleep.
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Table 2—Factors associated with sleep disordered breathing and restless legs syndrome prevalence and periodic leg movements index in multivariate 
analysis.

SDB Prevalence, % RLS Prevalence, % PLMI, n/h
OR P OR P Reg coef P

CKD stage 0.85 0.101 1.14 0.286 1.984 0.041
Age 1.06 < 0.001 1.01 0.069 0.729 < 0.001
BMI 1.16 < 0.001 1.02 0.281 0.246 0.056
Sex, female 0.26 < 0.001 1.75 < 0.001 −5.395 < 0.001
Diabetes 1.31 0.152 1.25 0.336 −1.256 0.499

eGFR quartile 1.05 0.435 1.13 0.091 0.792 0.162
Age 1.06 < 0.001 1.02 0.005 0.804 < 0.001
BMI 1.16 < 0.001 1.02 0.261 0.257 0.046
Sex, female 0.26 < 0.001 1.77 < 0.001 −5.316 < 0.001
Diabetes 1.27 0.202 1.24 0.359 −1.102 0.553

Values represent odds ratios (ORs) by multivariate logistic regression or correlation coefficients by multivariate linear regression, including the reported 
covariates. BMI, body mass index; CKD, chronic kidney disease; eGFR,glomerular filtration rate, estimated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD–EPI) formula; PLMI, index of periodic legs movements (PLM) per hour of sleep; RLS, restless legs syndrome; SDB, moderate-to-
severe sleep disordered breathing; Reg coef, regression coefficient.

Figure 2—Prevalence of restless legs syndrome and periodic limb movement index across chronic kidney disease stages and eGFR quartiles. (A,B) RLS 
and CKD stages/eGFR quartiles. (C,D) PLM index and CKD stages/eGFR quartiles. CKD, chronic kidney disease; CKD stage 1–2, eGFR ≥ 60 mL/min/1.73 
m2 with albuminuria; CKD stage 3, eGFR 30–60 mL/min/1.73 m2; eGFR, glomerular filtration rate, estimated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD–EPI) formula; No CKD, eGFR ≥ 60 mL/min/1.73 m2 without albuminuria; Q1-Q4, quartiles of eGFR (30 to 72; 72 to 83; 83 to 93 and 93 
to 127 mL/min/1.73 m2); PLM index, index of periodic leg movements (PLM) per hour of sleep; RLS, restless legs syndrome.

A B

C D
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associations with CKD stages persisted after adjustment for 
confounders (P = 0.041), but the association with declining 
eGFR became nonsignificant (Table 2).

Subjective Sleep Quality and Sleep Medication Use
Perceived poor sleep quality was a common complaint in our 
population, affecting 638 (39.6%) participants. Almost half 
(47.0%) of the participants with CKD stage 3 reported poor 
sleep quality, which was significantly higher compared to par-
ticipants without CKD and those with CKD stage 1–2 (38.9% 
and 39.3%, respectively, P = 0.05) (Figure 3). Subjective sleep 
quality was not associated with eGFR decline, neither in unad-
justed nor in adjusted regression analysis.

The use of sleep medications was more frequent in par-
ticipants with more advanced CKD stages and lower eGFR 
(Figure 3), but both these associations became nonsignificant 
after adjustment for confounders, with older age and female 
sex being the only independent determinants.

Objective Sleep Quality
All four parameters (TST, sleep efficiency, and duration of 
SWS and REM sleep) used to assess objective sleep quality 

showed a significant trend toward poorer sleep quality with 
declining eGFR in unadjusted analysis (Table 1 and Figure 4).

In multivariate analysis, higher CKD stages showed an inde-
pendent association with lower sleep efficiency and a trend for 
shorter SWS and REM sleep duration, whereas declining eGFR 
was associated with lower sleep efficiency (Table 3). Age, sex, 
SDB severity, and the PLMI during sleep were independent de-
terminants of almost all the objective sleep quality parameters.

DISCUSSION
Analyzing a large population-based cohort, we found that sub-
jects with early stages of CKD have impaired sleep quality, 
use more sleep medication, and have an increased prevalence 
of SDB and PLM. However, although objective sleep quality 
and PLMI seem to be independently associated with declining 
kidney function, the increased prevalence of SDB seems to be 
linked to classic risk factors, such as age, sex, and obesity.

Sleep Disordered Breathing
There is growing evidence that SDB is more common in pa-
tients with advanced CKD than in the general population,2,3 
and, inversely, subjects with SDB have a higher prevalence of 

Figure 3—Subjective sleep quality and sleep medication use across CKD stages and eGFR quartiles. (A,B) Sleep quality and CKD stages/eGFR quartiles. 
(C,D) Sleep medication use and CKD stages/eGFR quartiles. CKD, chronic kidney disease; CKD stage 1–2, eGFR ≥ 60 mL/min/1.73 m2 with albuminuria; 
CKD stage 3, eGFR 30–60 mL/min/1.73 m2; eGFR, glomerular filtration rate, estimated with the Chronic Kidney Disease Epidemiology Collaboration 
(CKD–EPI) formula; No CKD, eGFR ≥ 60 mL/min/1.73 m2 without albuminuria; Q1-Q4, quartiles of eGFR (30 to 72; 72 to 83; 83 to 93 and 93 to 127 ml/
min/1.73 m2).

A B

C D
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non-dialysis CKD as compared to the general population.24 A 
recent Canadian cross-sectional study found that the preva-
lence of SDB increased as GFR declined, being 41% in CKD 
stage 3–4 patients and reaching 57% in hemodialysis patients.3 
A similar high prevalence (56%) was found by our group as-
sessing a Swiss hemodialysis population.25

Two possible pathophysiologic mechanisms have been sug-
gested to explain the association between SBD and CKD: on 
the one hand, SDB could influence the time course of CKD 
through its associated nocturnal hypoxemia and its negative 
effect on the cardiovascular system, by generating oxidative 
stress through the reactive oxygen species,26–29 promoting 

Table 3—Factors associated with objective sleep quality parameters in multivariate analysis.

Total Sleep Time, min Sleep Efficiency, % Slow Wave Sleep, min REM Sleep, %
Reg coef P Reg coef P Reg coef P Reg coef P

CKD stage −3.664 0.225 −1.078 0.010 −2.665 0.055 −0.454 0.076
Age −0.937  < 0.001 −0.396  < 0.001 −0.708  < 0.001 −0.119  < 0.001
Sex, female 33.625  < 0.001 2.890  < 0.001 13.595  < 0.001 0.878 0.004
SDB severity −0.090 0.961 −0.687 0.007 −4.940  < 0.001 −0.602  < 0.001
PLMI 0.038 0.616 0.013 0.228 −0.148  < 0.001 −0.023  < 0.001

eGFR quartiles 1.582 0.370 0.525 0.033 −0.461 0.570 −0.212 0.155
Age −0.909  < 0.001 −0.384  < 0.001 −0.777  < 0.001 −0.138  < 0.001
Sex, female 34.089  < 0.001 3.037  < 0.001 13.665  < 0.001 0.868 0.004
SDB severity −0.024 0.989 −0.668 0.009 −4.886  < 0.001 −0.592  < 0.001
PLMI 0.031 0.680 0.011 0.314 −0.151  < 0.001 −0.023  < 0.001

Values represent regression coefficients by multivariate linear regression, including the reported covariates. CKD, chronic kidney disease; eGFR, glomerular 
filtration rate, estimated with the Chronic Kidney Disease Epidemiology Collaboration (CKD–EPI) formula; PLMI: index of periodic legs movements (PLM) 
per hour of sleep; SDB, sleep disordered breathing; Reg coef, regression coefficient.

Figure 4—Variations in objective sleep quality parameters according to eGFR values. (A) Total sleep time, (B) sleep efficiency, (C) slow wave sleep, and 
(D) REM sleep. r represent correlation coefficients. eGFR, glomerular filtration rate, estimated with the Chronic Kidney Disease Epidemiology Collaboration 
(CKD–EPI) formula.

A B
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inflammation,30,31 inducing endothelial cell dysfunction,32 and 
stimulating the sympathetic nervous system5 and the renin-
angiotensin-aldosterone system.6 All of these factors have 
been previously shown to be intimately involved in CKD 
progression.33,34

On the other hand, the decline in kidney function may pro-
mote SDB and nocturnal hypoxia. One possible mechanism of 
this reverse causality relationship could be the CKD-induced 
fluid overload, with upper airway collapse being amplified by 
overnight fluid displacement to the soft tissues of the neck. In-
deed, an overnight fluid shift from the lower part of the body 
toward the neck has been documented by our group in hemo-
dialysis patients with SDB,9 yet it is less certain whether fluid 
shifts occur in the earlier stages of CKD.

In the current observation, we could not find any indepen-
dent association between prevalence of SDB and early kidney 
function decline to lend support to the proposed mechanisms, 
whether assessing kidney function as eGFR or as CKD stages 
(which include microalbuminuria as an early marker of kidney 
disease). These results were confirmed when the oxygen de-
saturation index instead of SDB prevalence was included in 
the model, as a direct marker of nocturnal intermittent hypoxia 
(data not shown). This observation would suggest that the in-
creased prevalence of SDB in patients with end-stage renal 
disease (ESRD) could be linked to specific mechanisms ap-
pearing late in the course of kidney function decline, such as 
uremic toxins accumulation and fluid overload. However, it is 
possible that the negative metabolic and neurohormonal con-
sequences of SDB could play a greater role in the progression 
of established CKD than in the initiation of kidney damage, 
explaining the appearance of an association only at a later time 
course of the kidney disease. The prospective follow-up of our 
cohort will probably give us some elements to disentangle this 
question in the future.

RLS and PLMS
Our second finding was an independent association between 
PLM severity and declining kidney function in early CKD. 
The potential causality of this relationship deserves some dis-
cussion: PLM could be explained by metabolic disturbances 
induced by renal disease, but PLM could also represent a 
risk factor for progressing CKD. In two previous prospec-
tive studies, PLM severity was found to be an independent 
predictor of cardiovascular events and mortality in hemo-
dialysis patients.35,36 The link between PLM and cardiovas-
cular events lies possibly in the association between PLM 
episodes and repetitive sleep-time elevations in blood pres-
sure and sleep-time hypertension, a phenomenon that has 
been described in general population studies37,38 and that may 
contribute to the progression of CKD. In contrast to PLM, 
we found no association between RLS and early CKD, sug-
gesting that PLMI may be a more sensitive marker of this 
phenomenon. Although RLS has been reported to be highly 
prevalent in ESRD, this complaint has been poorly studied 
in patients with earlier stages of CKD, and our data are in 
line with the results of a previous study, showing no associa-
tion between RLS prevalence and progressing CKD in 500 
patients from nephrology clinics.4

Sleep Quality
Perceived poor sleep quality and sleep medication use were 
frequent in our general population sample, affecting almost 
40% and 10% of the participants, respectively. These results 
are in line with previous descriptions, although being in the 
upper range of the reported prevalences,39–42 and worsened fur-
ther in the presence of renal impairment.

Interestingly, even after correction for classic confounders 
such as SDB and PLM, objective sleep quality was indepen-
dently associated with declining kidney function in early 
stages of CKD. Lower TST and sleep efficiency have been 
previously described in hemodialysis patients and in patients 
with advanced CKD2,12 when compared to the general popu-
lation, and sleep quality predicted mortality risk in hemo-
dialysis patients,43,44 but we show here for the first time that 
sleep quality is decreased even in early CKD stages. The 
association we observed between CKD and sleep quality fits 
into the growing body of evidence showing sleep as a key 
determinant of long-term health, similar to physical activity 
and nutrition. Sleep duration has been previously associ-
ated with all-cause mortality and cardiovascular events in 
the general population, with a U-shaped relationship, even 
if most of the existing evidence is based on subjective sleep 
quality assessment and reported sleep duration.45–51 Short 
sleep duration and poor sleep quality have also been associ-
ated with CKD risk factors, such as metabolic syndrome, di-
abetes, hypertension, and obesity8 and with the development 
of proteinuria.52 The link between sleep and progressing 
CKD could be due to the aforementioned risk factors, with 
the sleep-wake cycle modulating key hormones that regu-
late body fluid balance and blood pressure.53,54 For example, 
the physiologic blood pressure dipping during normal sleep, 
resulting from reduced sympathetic activity and increased 
vagal tone, is reduced by experimental SWS suppression in 
healthy young adults.55

Strengths and Limitations
Our results should be interpreted in light of the study strengths 
and limitations: despite the use of a gold-standard sleep assess-
ment technique on a large general population-based sample, al-
lowing objective measurement of SDB, PLM, and sleep quality, 
the main limitation of our study is due to its cross-sectional 
design, which does not allow us to conclude on the causal as-
sociation between the studied sleep parameters and the kidney 
disease progression.

CONCLUSION
In conclusion, subjects with early stages of CKD have im-
paired sleep quality, use more sleep medication, and have an 
increased prevalence of SDB and PLM. After controlling for 
confounders, objective sleep quality and PLMI were indepen-
dently associated with declining kidney function, whereas 
SDB was not. This suggests that the increased prevalence of 
SDB previously reported in patients with ESRD is probably 
due to factors appearing only late in the course of GFR decline. 
The significance of the described relationships should be pro-
spectively investigated.
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ABBREVIATIONS
AHI, index of apnea-hypopneas per hour of sleep
BMI, body mass index
CKD, Chronic kidney disease
CKD–EPI, Chronic Kidney Disease Epidemiology 

Collaboration
eGFR, estimated glomerular filtration rate
ESRD, end stage renal disease
KDIGO, Kidney Disease - Improving Global Outcomes
PLM, periodic leg movements
PLMI, index of periodic leg movements per hour of sleep
PSG, polysomnography
RAAS, renin-angiotensin-aldosterone system
REM sleep, rapid eye movement sleep
RLS, restless legs syndrome
SDB, sleep disordered breathing
SQ, sleep quality
SWS, slow wave sleep
TST, total sleep time
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