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Sleep apnea is a common and important comorbidity in pa-
tients with end-stage renal disease (ESRD).1 In addition 

to causing sleep disruption, sleep apnea has the potential to 
increase the risk of cardiovascular disease, which is a com-
mon complication of chronic renal failure. In patients with 
ESRD, hypoxemia during sleep is associated with nocturnal 
hypertension, left ventricular hypertrophy, impaired sym-
pathovagal balance, and an increased risk of cardiovascular 
complications.2-5 Recently, it has been suggested that sleep 
apnea contributes to an increased mortality risk in patients 
with ESRD.6 Sleep apnea can be effectively treated in many 
patients with continuous positive airway pressure,7 and con-
sequently it is important that the condition be recognized and 
diagnosed appropriately.

The stereotypical presentation of obstructive sleep apnea 
(OSA) consists of a history of loud snoring, witnessed apnea 
during sleep, and daytime sleepiness in an overweight male 
patient.8,9 However, the clinical features of OSA in patients with 

ESRD may differ from this classic presentation for several rea-
sons. First, previous studies in patients with ESRD have found 
weak or no association between traditional risk factors for sleep 
apnea, such as age, gender, and body mass index (BMI), and 
the presence of OSA.10-14 Consequently, the characteristics of 
ESRD patients who present with sleep apnea may differ from 
the general sleep apnea population. Second, although apneas and 
hypopneas are predominantly obstructive,10,11,15,16 many ESRD 
patients with sleep apnea also have central or mixed respiratory 
events,7,13,14,17-20 which may change the pattern and intensity of 
snoring. Third, patients with ESRD have other potential causes 
of daytime sleepiness21 which may reduce the reliability of day-
time sleepiness as a sign of sleep apnea. Finally, patients with 
ESRD frequently have other sleep disorders such as insomnia 
and restless legs syndrome,22,23 which may alter their clinical 
presentation. Accordingly, the presentation of sleep apnea in 
patients with ESRD may be atypical and, consequently, under-
recognized.

The objective of this study was to describe the clinical fea-
tures of OSA in a large group of patients with ESRD and to 
determine if the presentation differed from that in the general 
sleep apnea population. We addressed these questions by com-
paring the clinical and polysomnographic features of OSA in 
patients with ESRD to those in OSA patients with normal renal 
function.
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in the general population (loud snoring, witnessed apnea, and daytime 
sleepiness in overweight, middle-aged men).
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pared to 380 OSA patients with normal renal function who were 
matched for apnea severity (apnea-hypopnea index). All patients 
underwent overnight polysomnography and completed the Epworth 
Sleepiness Scale and a questionnaire to assess symptoms of OSA.
Results: Age and gender distribution were similar between groups, 
however, body mass index was lower in the ESRD group (28 ± 5 vs. 
33 ± 14 kg/m2). Patients with ESRD were less likely to report snoring 
(80% vs. 98%), witnessed apnea during sleep (32% vs. 58%), unre-

freshing sleep (55% vs. 73%), and morning headaches (15% vs. 27%). 
Overnight polysomnography revealed less intense snoring and more 
sleep disturbance in patients with ESRD. The prevalence and severity 
of self-reported daytime sleepiness was similar between groups.
Conclusions: The presenting symptoms of patients with ESRD 
and documented OSA differed from a control group of OSA patients 
matched for AHI. This suggests that the presentation of ESRD patients 
with OSA may differ from the general population, and this should be 
appreciated to avoid underdiagnosis of this important comorbidity.
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METHODS

Patient Recruitment

Patients receiving treatment with chronic dialysis who were 
referred to the Sleep Laboratory at St. Michael’s Hospital in To-
ronto for suspected sleep apnea were enrolled in the study. OSA 
was defined as ≥ 10 apneas and hypopneas per hour of sleep (ap-
nea-hypopnea index [AHI]) in which > 50% of apneas and hypo-
pneas had obstructive features. Non-apneic patients and patients 
with predominantly central sleep apnea (> 50% of apneas and 
hypopneas with central features) were excluded. Control patients 
with no history of kidney disease who were referred to the sleep 
laboratory for suspected OSA during the same time period were 
randomly selected from the clinical database. Control patients 
were matched 1:5 with ESRD patients, based on AHI. Selection 
and matching was performed while blinded to other polysom-
nographic parameters, patient demographics, and questionnaire 
data. Data for renal patients were obtained from participation in 
other clinical research studies which had been approved by the 
Research Ethics Board of St Michael’s Hospital.

Sleep History Questionnaire

All patients completed a sleep history questionnaire, which 
included a history of snoring, nocturnal choking and witnessed 
apnea, frequent awakenings, unrefreshing sleep, excessive day-
time sleepiness, morning headaches, and memory impairment 
(Appendix). Subjective snoring intensity was assessed by ask-
ing patients to rate the loudness of their snoring and how dis-
ruptive it was to their bed partner’s sleep, using a 4-point Likert 
scale. In addition, patients were asked whether their snoring 
was supine dependent and if their snoring caused their bed part-
ner to sleep in a separate room.

Epworth Sleepiness Scale

All patients completed the Epworth Sleepiness Scale (ESS).24 
The ESS is a self-administered questionnaire designed to measure 
the general level of daytime sleepiness. Patients rate on a scale of 
0-3 how likely they are to fall asleep in 8 different situations com-
monly encountered in daily life. Total ESS score ranges from 0-24; 
higher scores indicate more subjective sleepiness.24 All question-
naires were completed on the evening of polysomnography.

Polysomnography

All patients underwent diagnostic overnight polysomnogra-
phy, which was performed and scored by registered polysom-
nographic technologists in a standardized fashion.25 Recordings 
were performed by continuous monitoring of the electroencepha-
logram, electrooculogram, and submental electromyogram, elec-
trocardiogram, nasal pressure (Ultima Dual Airflow Pressure 
Transducer, Braebon Medical Corporation, Kanata, ON), chest 
and abdominal respiratory movements (Respitrace, Ambulatory 
Monitoring; Ardsley, NY), oximetry (Mallinckrodt/Nellcor Puri-
tan Bennett, Hazelwood, MO), anterior tibialis electromyogram, 
body position, and sound intensity (CEL-231 Digital Sound Sur-
vey Meter, CEL Instruments Bedford, England).

Total recording time was defined as the time from lights out in 
the evening to lights on the following morning. Total sleep time 
(TST) was defined as the duration of sleep from the beginning to 
the end of the polysomnographic recording. Sleep efficiency was 
defined as TST expressed as a proportion of the total recording 
time. Sleep was scored as NREM and REM sleep. NREM sleep 
was further scored as stage 1, 2, and slow wave sleep. Sleep onset 
latency was defined as the time from lights out to the first epoch 
of sleep. Wakefulness after sleep onset was the total amount of 
time awake from sleep onset to the end of the polysomnographic 
recording. Apnea was defined as absence of airflow > 10 sec, and 
hypopnea was defined as any reduction in airflow for ≥ 10 sec 
associated with an arousal and/or reduction in oxygen saturation 
> 3%. Apneas and hypopneas were further classified as central if 
abdominal and ribcage movements were synchronous, obstruc-
tive if the movements were paradoxical, and mixed if a central 
event had terminal obstructive features. Periodic limb move-
ments (PLM) were defined as ≥ 4 consecutive leg movements, 
reflected by activation of the anterior tibialis electromyogram, 
lasting 0.5 to 5 sec, with 5 to 90 sec between each movement. 
Arousal was defined as a sudden increase in electroencephalo-
gram frequency to ≥ α, accompanied by electromyogram acti-
vation and eye movements lasting 3 to 15 sec. Awakening was 
scored if these changes persisted > 15 sec. An arousal was further 
categorized as a respiratory arousal if it occurred within 3 sec of 
an apnea or hypopnea and as a PLM arousal if it occurred within 
3 sec of a limb movement. The maximum decibel level recorded 
on the sound meter during each 30-sec epoch of the polysomno-
gram was identified; the mean value of this measurement (mean 
maximum decibel level) during different sleep states and body 
positions was used to determine snoring intensity. We used the 
mean maximum decibel level to classify snoring as mild (40-50 
dB), moderate (50-60 dB), or severe (> 60 dB). This classifica-
tion was based on a validation study (unpublished) in a separate 
group of patients, in which we correlated the sleep laboratory 
technologist’s subjective assessment of snoring intensity with the 
recorded decibel level.

Analysis

Mean data and standard deviations were analyzed using in-
dependent samples t-test. Nonparametric data were analyzed 
using Mann-Whitney U test and χ2 analysis. All statistical anal-
ysis was performed using computer software (SPSS 14.0, SPSS 
Inc., Chicago, IL). All p values < 0.05 were considered statisti-
cally significant.

RESULTS

Patient Demographics

One hundred thirty-four ESRD patients were reviewed. 
Eighty-one of these patients met our criteria for a diagnosis of 
sleep apnea (AHI > 10). Five patients with > 50% central apneas 
and hypopneas were excluded. The remaining 76 ESRD patients 
with OSA and 380 controls (OSA with normal renal function) 
matched for AHI were enrolled in the study. Sixty-five (86%) 
ESRD patients were receiving treatment with hemodialysis, 
and 11 (14%) were on peritoneal dialysis. Age and gender dis-
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tribution were similar between ESRD and control groups (Table 
1). BMI and neck circumference were significantly greater in 
the control group. A higher proportion of patients in the ESRD 
group were taking cardiac medications (Table 2). The use of 
central nervous system (CNS) medications was quite low in 
both groups; the main difference was the higher prevalence of 
selective serotonin reuptake inhibitors (SSRIs) in patients with 
normal renal function.

Sleep History

Snoring, witnessed apnea, unrefreshing sleep, and morning 
headaches were reported less often by patients with ESRD than 
control patients (Table 3). The proportion of patients who re-
ported nocturnal choking, restless sleep, memory impairment, 
and daytime sleepiness was not significantly different between 
groups.

Polysomnography

TST and sleep efficiency were reduced in patients with 
ESRD compared to controls (Table 4). Patients with ESRD had 
more wakefulness after sleep onset and a greater proportion of 
stage 2 NREM sleep. The proportion of stage 1 NREM, slow 
wave, and REM sleep were similar between groups. Patients 
with ESRD had a higher frequency of PLM and PLM-related 
arousals. The total number of arousals and awakenings per hour 
of sleep was elevated26 but was not significantly different be-

tween groups. These findings indicate that ESRD patients with 
OSA suffer greater sleep loss and sleep disruption than patients 
with normal renal function.

By definition, total AHI was similar between ESRD and 
control groups, as was the frequency of respiratory-related 
arousals. Mean oxygen saturation (SpO2) and the percentage of 
TST with SpO2 < 90% were not significantly different between 
groups. Although respiratory events were predominantly ob-
structive, as determined by enrollment criteria, ESRD patients 
had a relatively greater number of central and mixed apneas and 
hypopneas and a smaller number of obstructive events (Table 
5). There was no difference between group in the frequency of 
respiratory events indexed to the supine and lateral positions.

Snoring Intensity

Patients with ESRD reported snoring less frequently than did 
controls, and snorers rated their snoring as being quieter and less 
disruptive to their bed partner than did control patients. A great-
er percentage of patients with ESRD indicated that they snored 
only in the supine position. Mean maximum sound intensity 
was significantly lower in patients with ESRD than control pa-
tients in all sleep states and body positions (Table 6); there was 
a greater percentage of mild snorers and a smaller percentage of 
severe snorers in the ESRD group than the control group. All of 
these subjective and objective indices of snoring indicate that it 
was a less prominent feature of OSA in patients with ESRD.

Daytime Sleepiness

Each component of the ESS and the total ESS score were not 
significantly different between ESRD and control groups (Table 
7), and the proportion of patients with total ESS score indicat-
ing excessive daytime sleepiness (> 10)24 was similar between 
groups (ESRD vs. control, 28% vs. 34%).

DISCUSSION

Previous studies have reported a high prevalence of OSA 
in patients with ESRD.10,11,13-20,27-29 Many of these studies have 
relied on research protocols with objective nocturnal monitor-
ing to diagnose OSA regardless of the patients’ sleep related 
symptoms.10,14-20,28 However, in clinical practice, the diagnosis 
of OSA is usually prompted by the clinical presentation, which 
typically consists of loud snoring, witnessed apnea during sleep, 
and daytime sleepiness in overweight men.8,9 To date, we do not 

Table 1—Patient Demographics

	 ESRD	 Control	 p value
Patients, #	 76	 380	
Age, years	 53 ± 13	 51 ± 13	 NS
Gender, % male	 73	 71	 NS
BMI, kg/m2	 28.1 ± 5.3	 33.0 ± 13.8	 0.003
Neck circumference, cm	 39.5 ± 4.1	 41.1 ± 4.4	 0.006
Neck: Height	 0.23 ± 0.02	 0.24 ± 0.03	 0.039

BMI = body mass index; ESRD = end-stage renal disease; Neck: 
Height = neck circumference indexed to height. Data are mean ± 
standard deviation.

Table 2—Medications

		  ESRD	 Control	 p value
Cardiac
	 ACE inhibitors	 30 (40)	 63 (17)	  < 0.001
	 β blockers	 36 (47)	 47 (12)	  < 0.001
	 Angiotensin II receptor blockers	 20 (26)	 28 (7)	  < 0.001
	 Calcium channel blockers	 31 (41)	 38 (10)	  < 0.001
CNS
	 Benzodiazepines	 7 (9)	 16 (4)	 NS
	 Zopiclone	 3 (4)	 2 (1)	 0.009
	 Other sedatives	 2 (3)	 0 (0)	 0.002
	 Tricyclic antidepressants	 4 (5)	 8 (2)	 NS
	 SSRI	 2 (3)	 44 (12)	 0.018
	 Other antidepressants	 0 (0)	 7 (2)	 NS

ESRD = end-stage renal disease; ACE = angiotensin-converting 
enzyme; CNS = central nervous system; SSRI = selective sero-
tonin reuptake inhibitor. Data are number (percentage) of patients 
within group.

Table 3—Sleep History Questionnaire

	 ESRD	 Control	 p value
History of snoring, %	 80	 98	  < 0.001
Witnessed apnea, %	 32	 58	  < 0.001
Nocturnal choking sensation, %	 34	 36	 NS
Daytime sleepiness, %	 47	 44	 NS
Restless sleep, %	 45	 49	 NS
Unrefreshing sleep, %	 55	 73	 0.002
Morning headaches, %	 15	 27	 0.022
Memory impairment, %	 51	 49	 NS

ESRD = end-stage renal disease. Data are percentage within each 
group.
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in patients with ESRD,15,18,31 while others have reported these as-
sociations are weak in this patient population.10-14 Both our ESRD 
and control groups were predominantly male, and both age and 
gender distribution were similar between groups, suggesting the 
mechanisms by which advancing age and male gender predispose 
to the development of OSA in the general population are similar 
in patients with ESRD. However, our ESRD patients were gener-
ally not obese; BMI was significantly lower than control patients. 
This is consistent with previous reports, which have described a 
weak association between BMI and the prevalence and severity 
of OSA in patients with ESRD.10,12-14,32 These findings support the 
notions that obesity is not required for ESRD patients to develop 
OSA and that the pathogenesis of OSA in this patient population 

know if ESRD patients with OSA conform to this stereotypi-
cal presentation. This is the first study to systematically evalu-
ate the presentation of OSA in ESRD patients by comparison 
to OSA patients with normal renal function. We found that the 
clinical features of OSA in patients with ESRD differ from the 
general sleep apnea population. It is important that these differ-
ences are appreciated so as to avoid underrecognition and un-
dertreatment of OSA in this patient population, particularly as 
it can increase both sleep related symptoms and cardiovascular 
morbidity and mortality.2-6,8

Advancing age, male gender, and excessive weight are estab-
lished risk factors for the development of OSA in the general 
population.30 Some investigators have described similar findings 

Table 4—Polysomnography

	 ESRD	 Control	 p value
Total recording time, h	 7.5 ± 0.9	 7.8 ± 0.7	 0.005
Total sleep time (TST), h	 4.9 ± 1.6	 5.6 ± 1.2	 0.001
Sleep efficiency, %	 71.4 ± 20.4	 77.6 ± 15.3	 0.015
Sleep onset latency, min	 17.1 ± 25.8	 20.6 ± 26.8	 NS
Wake after sleep onset, min	 98.5 ± 70.6	 79.6 ± 58.3	 0.03
Stage 1, %TST	 17.1 ± 18.1	 14.4 ± 12.5	 NS
Stage 2, %TST	 52.2 ± 15.8	 56.8 ± 13.1	 0.015
Slow wave, %TST	 15.0 ± 10.7	 13.6 ± 10.7	 NS
REM, %TST	 15.9 ± 8.8	 15.2 ± 7.3	 NS
AHI	 44.2 ± 27.7	 44.2 ± 27.6	 NS
Mean SpO2, %	 94.0 ± 2.6	 93.7 ± 2.9	 NS
SpO2 < 90%, %TST	 8.9 ± 15.8	 10.1 ± 20.0	 NS
PLM, /h	 25.2 ± 35.3	 11.5 ± 21.5	 0.002
PLM arousals, /h	 8.0 ± 15.1	 3.0 ± 8.2	 0.006
Respiratory arousals, /h	 39.6 ± 28.5	 40.5 ± 27.2	 NS
Spontaneous arousals, /h	 6.2 ± 6.1	 4.8 ± 4.2	 NS
Total arousals, /h	 53.8 ± 29.8	 48.3 ± 25.8	 NS
Awakenings, /h	 8.6 ± 8.6	 6.6 ± 6.1	 NS

AHI = apnea-hypopnea index; ESRD = end-stage renal disease; PLM = periodic limb movements; SpO2 = oxyhemoglobin saturation; TST = 
total sleep time. Data are mean ± standard deviation.

Table 5—Respiratory Events (Apneas and Hypopneas) during Polysomnography

		  ESRD	 Control	 p value
Obstructive			 
	 Events (/h)	 32.8 ± 22.9	 41.3 ± 26.4	 0.005
	 Events occurring in REM (/h)	 35.2 ± 29.0	 42.1 ± 25.6	 0.035
	 Events occurring in NREM (/h)	 31.6 ± 24.4	 40.3 ± 28.5	 0.007
	 % of total events	 81 ± 27	 95 ± 13	 0.002
Central			 
	 Events (/h)	 4.9 ± 8.5	 1.4 ± 4.1	 0.001
	 Events occurring in REM (/h)	 1.6 ± 5.0	 0.8 ± 3.2	 NS
	 Events occurring in NREM (/h)	 5.3 ± 9.2	 1.4 ± 4.4	 0.001
	 % of total events	 9.4 ± 12.9	 3.0 ± 7.5	 0.002
Mixed			 
	 Events (/h)	 5.4 ± 12.3	 1.6 ± 6.4	 0.01
	 Events occurring in REM (/h)	 5.1 ± 13.3	 1.0 ± 5.0	 0.01
	 Events occurring in NREM (/h)	 5.4 ± 12.7	 1.7 ± 6.7	 0.014
	 % of total events	 8.2 ± 16.5	 2.5 ± 8.4	 0.002
Total			 
	 Events (/h)	 44.2 ± 27.7	 44.2 ± 27.6	 NS
	 Events occurring in REM (/h)	 43.2 ± 29.7	 43.9 ± 26.0	 NS
	 Events occurring in NREM (/h)	 43.4 ± 29.6	 43.4 ± 29.9	 NS
	 Events while supine (/h)	 61.1 ± 33.8	 57.9 ± 36.9	 NS
	 Events while non-supine (/h)	 34.5 ± 31.4	 35.1 ± 30.3	 NS

ESRD = end-stage renal disease. Data are mean ± standard deviation.
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have OSA, and that other symptoms of OSA, such as witnessed 
apnea and morning headaches, may also be less reliable diag-
nostic criteria. One possible explanation for these findings is 
the smaller number of obstructive respiratory events and greater 
number of central events in ESRD patients. Central sleep apnea 
can be associated with less intense snoring,35,36 and thus an in-
creased frequency of central events might contribute to the lower 
prevalence and intensity of snoring in patients with ESRD. The 
potential mechanisms responsible for the development of central 
sleep apnea in patients with ESRD include stimulation from pul-
monary mechanoreceptors associated with pulmonary edema and 
enhanced ventilatory sensitivity to hypercapnia,10 both of which 
could destabilize the central control of breathing.

Overnight polysomnography revealed markedly disturbed 
sleep in both ESRD and control groups, reflected by the high 
frequency of arousals and awakenings, poor sleep efficiency, 
and reduced proportion of slow wave sleep and REM sleep. 
However, sleep efficiency was significantly worse in patients 
with ESRD, which may be attributed in part to the higher fre-
quency of PLM and PLM-related arousals.8 Reduced sleep ef-
ficiency may also be related to the high prevalence of restless 
legs syndrome and primary insomnia in ESRD patients.22,23 
These findings highlight the fact that patients with ESRD often 
have multiple sleep disorders, which may complicate the pre-
sentation and interpretation of their sleep complaints.

is related to factors unique to ESRD, such as pharyngeal narrow-
ing associated with fluid overload.33

Although a higher proportion of patients in the ESRD group 
were taking cardiac medications (Table 2), this is not surprising 
in view of the greater prevalence of hypertension and cardiac 
disease in this patient population. However, we do not believe 
that a higher prevalence of cardiac medications in patients with 
ESRD accounts for the differences we found in the clinical pre-
sentation of obstructive sleep apnea. The use of CNS medica-
tions was relatively low in both groups. The main difference 
was the higher prevalence of SSRIs in patients with normal re-
nal function. Once again, we do not think that these differences 
contributed significantly to our findings.

Patients with ESRD reported fewer of the typical symptoms 
associated with OSA, namely loud snoring, witnessed apnea, 
and morning headaches. Those who reported a history of snor-
ing described their snoring as less intense and less disruptive to 
their bed-partner’s sleep than patients with normal renal func-
tion. These findings were confirmed by objective measurement 
of snoring intensity during polysomnography, which indicated 
quantitatively and categorically less intense snoring (Table 6).

Previous investigators have suggested that snoring alone may 
be an unreliable indicator of OSA in ESRD patients.32,34 Our data 
extend these findings by demonstrating that snoring is less com-
mon and less severe in patients with ESRD who are known to 

Table 6—Snoring Intensity

		  ESRD	 Control	 p value
Subjective (Sleep History Questionnaire)			 
	 Present, %	 80	 98	  < 0.001
	 Intensity rating	 2.6 ± 1.1	 3.1 ± 0.9	  < 0.001
	 Disturbance of bed partner	 2.3 ± 1.0	 3.0 ± 1.0	  < 0.001
	 Partner moved to separate bedroom, %	 25	 38	 NS
	 Supine dependent, %	 60	 36	 0.001
Objective (Polysomnography)			 
	 Mean maximum intensity, dB			 
	 Total sleep time	 49.0 ± 5.2	 55.0 ± 6.7	  < 0.001
	 NREM	 49.1 ± 5.3	 55.4 ± 6.9	  < 0.001
	 REM	 48.8 ± 5.9	 53.3 ± 6.4	  < 0.001
	 Non-supine	 47.9 ± 5.2	 53.9 ± 7.2	  < 0.001
	 Supine	 51.0 ± 5.5	 56.1 ± 6.7	  < 0.001
	 Classification, %			 
	 Mild (40-50 dB)	 58	 21	  < 0.001
	 Moderate (50-60 dB)	 37	 52	 NS
	 Severe ( > 60 dB)	 5	 27	 0.002

ESRD = end-stage renal disease. Data are mean ± standard deviation unless otherwise indicated.

Table 7—Epworth Sleepiness Scale

		  ESRD	 Control	 p value
Sitting and reading	 1.3 ± 1.1	 1.5 ± 1.1	 NS
Watching television	 1.7 ± 1.0	 1.7 ± 1.0	 NS
Sitting in public	 0.7 ± 0.9	 0.9 ± 1.0	 NS
Passenger in car	 0.9 ± 1.0	 1.2 ± 1.1	 NS
Lying down in afternoon	 2.2 ± 1.0	 2.1 ± 1.0	 NS
Talking to someone	 0.2 ± 0.6	 0.2 ± 0.5	 NS
Sitting after lunch	 1.2 ± 1.0	 1.0 ± 1.0	 NS
Stopped in traffic	 0.1 ± 0.4	 0.2 ± 0.6	 NS
Total score	 8.2 ± 4.6	 8.8 ± 4.9	 NS

ESRD = end-stage renal disease. Data are mean ± standard deviation.
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Journal of Clinical Sleep Medicine, Vol.5, No. 2, 2009 120

Disclosure Statement

This was not an industry supported study. The authors have 
indicated no financial conflicts of interest.

REFERENCES

1.	 Kraus MA, Hamburger RJ. Sleep apnea in renal failure. Adv Perit 
Dial 1997;13:88-92.

2.	 Zoccali C, Benedetto FA, Tripepi G, et al. Nocturnal hypoxemia, 
night-day arterial pressure changes and left ventricular geometry 
in dialysis patients. Kidney Int 1998;53:1078-84.

3.	 Zoccali C, Mallamaci F, Tripepi G, Benedetto FA. Autonomic 
neuropathy is linked to nocturnal hypoxaemia and to concentric 
hypertrophy and remodelling in dialysis patients. Nephrol Dial 
Transplant 2001;16:70-77.

4.	 Zoccali C, Benedetto FA, Mallamaci F, et al. Left ventricular hy-
pertrophy and nocturnal hypoxemia in hemodialysis patients. J 
Hypertens 2001;19:287-93.

5.	 Zoccali C, Mallamaci F, Tripepi G. Nocturnal hypoxemia predicts 
incident cardiovascular complications in dialysis patients. J Am 
Soc Nephrol 2002;13:729-33.

6.	 Charest A., Hanly PJ, Parkes RK, Logan AG, Naimark DMJ. Im-
pact of sleep apnea on mortality in patients with end-stage renal 
disease [abstract]. J Am Soc Nephrol 2004;15: 637A.

7.	 Pressman MR, Benz RL, Schleifer CR, Peterson DD. Sleep 
disordered breathing in ESRD: acute beneficial effects of treat-
ment with nasal continuous positive airway pressure. Kidney Int 
1993;43:1134-9.

8.	 American Academy of Sleep Medicine. International classifica-
tion of sleep disorders, 2nd ed.: Diagnostic and coding manual 
American Academy of Sleep Medicine. Westchester, IL: Ameri-
can Academy of Sleep Medicine, 2005.

9.	 Guilleminault C, Bassiri A. Clinical features and evaluation of 
obstructive sleep apnea-hypopnea syndrome and the upper air-
way resistance syndrome. In: Kryger MH, Roth T, Dement WC, 
eds. Principles and practices of sleep medicine. Philadelphia, PA: 
Elsevier, 2005:1043-52.

10.	 Beecroft J, Duffin J, Pierratos A, Chan CT, McFarlane P, Hanly 
PJ. Enhanced chemo-responsiveness in patients with sleep ap-
noea and end-stage renal disease. Eur Respir J 2006;28:151-8.

11.	 Beecroft JM, Zaltzman J, Prasad R, Meliton G, Hanly PJ. Impact 
of kidney transplantation on sleep apnoea in patients with end-
stage renal disease. Nephrol Dial Transplant 2007;22:3028-33.

12.	 Jean G, Piperno D, Francois B, Charra B. Sleep apnea incidence 
in maintenance hemodialysis patients: influence of dialysate buf-
fer. Nephron 1995;71:138-42.

13.	 Kimmel PL, Miller G, Mendelson WB. Sleep apnea syndrome in 
chronic renal disease. Am J Med 1989;86:308-14.

14.	 Stepanski E, Faber M, Zorick F, Basner R, Roth T. Sleep disor-
ders in patients on continuous ambulatory peritoneal dialysis. J 
Am Soc Nephrol 1995;6:192-7.

15.	 de Oliveira Rodrigues CJ, Marson O, Tufic S, et al. Relationship 
among end-stage renal disease, hypertension, and sleep apnea in 
nondiabetic dialysis patients. Am J Hypertens 2005;18:152-7.

16.	 Unruh ML, Sanders MH, Redline S, et al. Sleep apnea in patients 
on conventional thrice-weekly hemodialysis: comparison with 
matched controls from the Sleep Heart Health Study. J Am Soc 
Nephrol 2006;17:3503-9.

17.	 Hanly PJ, Pierratos A. Improvement of sleep apnea in patients 
with chronic renal failure who undergo nocturnal hemodialysis. 
N Engl J Med 2001;344:102-7.

18.	 Jung HH, Han H, Lee JH. Sleep apnea, coronary artery disease, 
and antioxidant status in hemodialysis patients. Am J Kidney Dis 
2005;45:875-82.

Although polysomnographic recordings indicated poorer 
sleep in ESRD patients, they reported a similar degree of day-
time sleepiness as OSA patients with normal renal function. 
Daytime sleepiness is common in patients with ESRD, and its 
etiology is multifactorial.21 Although some investigators have 
described an association between sleep apnea and excessive 
daytime sleepiness in patients with ESRD,14,21 this association 
is relatively weak,21 and other factors such as comorbid disease, 
medication, and uremia itself are likely to contribute. Excessive 
daytime sleepiness has also been linked to PLM in patients with 
ESRD.37 Given these considerations, we anticipated that subjec-
tive daytime sleepiness, reflected by ESS scores, would be more 
severe in patients with ESRD. There are a number of possible 
explanations for this discrepancy. First, daytime dialysis ses-
sions afford patients with ESRD more opportunity to nap dur-
ing the day thereby alleviating sleepiness. Second, central sleep 
apnea is not strongly associated with daytime sleepiness35,36; 
the relatively higher proportion of central respiratory events in 
ESRD patients may have contributed to less daytime sleepiness 
than anticipated. Third, patient perception of daytime sleepi-
ness may be altered by uremia, and patients may confuse sleepi-
ness with fatigue or attribute it to the general symptomatology 
of their ESRD. This possibility is supported by the poor as-
sociation between objective and subjective measurements of 
daytime sleepiness in this patient population.21,37 Regardless of 
the explanation, the cumulative evidence indicates that daytime 
sleepiness is not a reliable diagnostic criterion for OSA in pa-
tients with ESRD, and that the absence of daytime sleepiness 
should not dissuade the clinician from considering a diagnosis 
of OSA in this patient population.

The study has some limitations, which should be addressed. 
First, we studied patients who were referred for suspected sleep 
apnea, which raises the possibility of referral bias. Despite the 
clinical suspicion of sleep apnea by the referring physician, we 
found significant differences in the presentation of OSA be-
tween ESRD patients and those with normal renal function. In 
fact, a referral bias may have lead to an underestimation of these 
differences, which could have been greater if all patients from 
a dialysis clinic were included. Second, since our patients were 
selected from a sleep clinic population, it is unclear how rep-
resentative these results are of the larger dialysis and commu-
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without suspected OSA; therefore the extent to which OSA is 
underdiagnosed in patients with ESRD because of differences 
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In conclusion, the clinical presentation of OSA in patients 
with ESRD is different from the general sleep apnea population. 
Many of the stereotypical symptoms of OSA are less common, 
which may lead to underdiagnosis of this important comorbid-
ity. Increased awareness of the atypical presentation of OSA in 
ESRD patients may address this concern.
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Appendix—Sleep History Questionnaire (modified to include only questions regarding symptoms of obstructive sleep apnea listed in Table 3)

PATIENT HISTORY QUESTIONNAIRE
NAME: 	 	 DATE:	
1.	 Do you snore?	 □ Yes □ No
2.	 How loud would you, or your bed partner, rate your snoring?	 1 2 3 4
	 (please circle, 1=mild, 2=moderate, 3=loud, 4=very loud)
3.	 How disturbed is your bedpartner by your snoring?	 1 2 3 4
	 (please circle, 1=not at all, 2=mildly, 3=moderately, 4=severely)
4.	 Does your snoring cause him or her to sleep in a separate room?	 □ Yes □ No
5.	 Do you only snore if you are lying on your back?	 □ Yes □ No
6.	 Has anyone ever told you that you stop breathing while you sleep?	 □ Yes □ No
7.	 Do you ever wake up with the feeling that you are choking?	 □ Yes □ No
8.	 Have you been told that you are a restless sleeper?	 □ Yes □ No
9.	 Do you feel refreshed when you wake up?	 □ Yes □ No
10.	 Do you often wake up with headaches in the morning?	 □ Yes □ No
11.	 Do you have trouble concentrating or remembering things?	 □ Yes □ No
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