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CLINICAL STUDY

Prevalence of sleep disorders among ESRD patients

Haitham Ezzat and Amr Mohab

Nephrology Division, Internal Medicine Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt

Abstract

Sleep disorders are common among the patients undergoing dialysis in end stage renal disease
(ESRD). Although variable, their prevalence has been reported to be higher when compared to
the general population. The most frequently reported complaints are insomnia, restless leg
syndrome (RLS), sleep-disordered breathing and excessive daytime sleepiness (EDS). The aim of
this study was to assess the prevalence of sleep disorders in end stage renal disease patients on
regular hemodialysis (group | with 30 patients) and CKD patients (group Il with 30 patients) in
comparison to 30 normal population (control group). In addition to laboratory investigations
which included creatinine clearance using Cockroft and Gault formula, hemoglobin level (Hb),
blood urea, serum creatinine, serum albumin, serum calcium and phosphorus and lipid profile,
all subjects underwent one night of laboratory-based polysomnography (PSG) consisting of a
standard montage of electroencephalography (EEG) (C3/A1 and 02/C3 or O1/C4), monopolar
left and right electrooculography (EOG) referenced to the opposite mastoid, surface mentalis
electromyography (EMG), respiratory airflow (measured by thermistor) and effort (piezoelectric
sensors), electrocardiography (ECG), anterior tibialis EMG and pulse oximetry. For hemodialysis
subjects, this study was performed on a night immediately following hemodialysis treatment.
The results showed that patients on hemodialysis have sleep disorders, and that sleep disorders
are common in group | and Il than control group. The percentage of sleep disorders in
hemodialysis patients were as follows: insomnia (69%), followed by obstructive sleep apnea
syndrome OSAS (24%), RLS and periodic limb movement PLM (18%), nightmares (13%), EDS
(12%), sleepwalking (2%), possible rapid eye movement behavior disorders RED (2%), possible
narcolepsy (1.4%). While the percentage of sleep disorders in CKD patients were as follows:
insomnia (54%), followed by RLS (19%), PLM (12%), OSAS (16%), nightmares (15%), EDS (15%),
sleepwalking (4%), possible RBD (3%), possible narcolepsy (1%). There was inverse correlation
between sleep disorders and Hb, albumin and creatinine clearance; also there was positive
correlation between sleep disorder and phosphorus. We concluded that the sleep disorders are
common in CKD patients either on conservative management or on regular hemodialysis.
Treatment of anemia, hyperphosphatemia and hypoalbuminemia may improve sleep disorders
among those patients.
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Introduction

Sleep disorders are common among patients undergoing
dialysis in end stage renal disease (ESRD). Although variable,
their prevalence has been reported to be higher when
compared to the general population. The most frequently
reported complaints are insomnia, restless leg syndrome
(RLS), sleep-disordered breathing and excessive daytime
sleepiness (EDS)." The prevalence of sleep apnea (SA) in
ESRD and dialysis patients has been reported in (13-70%),"
which is much higher than the general population (2—4%).>
This large variation in the prevalence of SA in dialysis
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patients is probably due to different populations being
studied, the method of diagnosis [whether it is based on
questionnaires or polysomnography (PSG)] and the definition
used to diagnose SA. Excessive daytime sleepiness (EDS),
a major consequence of SA, is caused by sleep fragmentation
that is triggered by repetitive episodes of partial or complete
upper airway obstruction. Sleep fragmentation may also
contribute to impaired cognition and altered moods as well as
subject the patient to increased risk of work- or driving-
related accidents.” The incidence of sleep disorders and its
causes in patients undergoing hemodialysis have attracted the
attention of many researchers in the past 10 years. Renal
replacement therapy exposes the patients to the risk of a wide
range of physical, psychological, economic, and social
problems, and influences their quality of life in general.”
Studies have focused on patients on maintenance hemodialy-
sis, whereas patients with mild/moderate chronic kidney
disease (CKD) have been neglected. In fact, only a few studies
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on this category of patients are available. Therefore, this study
was devised to evaluate the prevalence of sleep disturbances
in CKD patients and also hemodialysis patients and to
examine the relationship of sleep disorders to renal function
and to laboratory parameters.

Materials and methods

This study was conducted on 90 subjects and they were
divided into three groups. Group I (hemodialysis group)
included 30 patients with ESRD on regular hemodialysis three
sessions weekly, four hours per session. Vascular access was
achieved through either a long-term internal jugular catheter
or an arteriovenous fistula. Dialysate flow rate of 500 mL/min
and high flux dialyzers were used. Group II (CKD group)
included 30 patients with CKD under conservative treatment,
their creatinine clearance ranged from 15 to 50 mL/min. In
addition to group III (control group) included 30 healthy
volunteers. We excluded subjects on medication with known
effects on sleep-related measures, patients with neurological
disorders, patients with significant mental illness requiring
psychiatric treatment (including those previously diagnosed
with anxiety or depression and/or taking medication for those
conditions). Also the patients with comorbidities associated
with nocturnal symptoms (congestive heart failure, unstable
angina, arthritis and chronic obstructive pulmonary disease)
were excluded. Obese patients (BMI more than 35) and those
with a history of previously diagnosed and/or treated sleep
disorders were also excluded. We obtained history, clinical
examination and laboratory investigations from all the
patients, which included creatinine clearance using Cockroft
and Gault formula,’ hemoglobin level (Hb), blood urea,
serum creatinine, serum albumin, serum calcium and phos-
phorus and lipid profile. All the subjects underwent one night
of laboratory-based polysomnography (PSG) consisting of a
standard montage of electroencephalography (EEG) (C3/A1
and O2/C3 or O1/C4), monopolar left and right electrooculo-
graphy (EOG) referenced to the opposite mastoid, surface
mentalis electromyography (EMG), respiratory airflow (mea-
sured by thermistor) and effort (piezoelectric sensors),
electrocardiography (ECG), anterior tibialis EMG and pulse
oximetry.® For hemodialysis subjects, this study was per-
formed on a night immediately following hemodialysis
treatment.

Statistical analysis

The statistical analysis of data was performed by using excel
program and the statistical package for social science (SPSS)
program version 10 (Cairo, Egypt). The description of the
data done was written in the form of the mean (+) SD for
quantitative data. The analysis of the data was done to test the
statistically significant difference between the groups, where
p value <0.05 was considered as significant. For quantitative
data, Student’s ¢-test was used to compare the two groups and
paired sample #-test was used to compare one group at
different measurements. One way analysis of variance
(ANOVA) test with post hoc analysis was used to compare
more than two groups. To test the association between the
variables, Pearson correlation co-efficiency test was used.
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Table 1. Demographic features for group I and II and III.

Parameter Group (I) Group (II) Group (IIT)
Number of participants 30 30 30
Etiology of renal failure
Diabetes 13 10 -
Hypertension 8 9 -
Glomerulonephritis 5 5 -
Other 6 6 -
Normal individuals - - 30
Age (years) 43.7+11.6 46.5+9 43+12
Male/female 13/17 14/16 18/12
Marital status
Married 17 20 24
Divorced 3 1 -
Single 10 9 6
Months of H.D 36.4+27.8 None None

Results

Tables 1 and 2 showed the demographic and laboratory
parameters for both groups I and II in addition to control
group (group III). Data from the observed polysomnographic
(PSG) measures for all groups are shown in Table 3. Both
groups I and II had reduced total sleep time (<6h) in
comparison with normal control subjects. However, in
comparison with CKD group, the HD group had less total
sleep time. The HD group had significantly less REM sleep,
but there were no differences between the groups as regard to
percentage of specific NREM sleep stage. There was a highly
significant difference of sleep latency, sleep efficiency, wake
after sleep onset, brief arousal index, periodic limb movement
index and respiratory disturbance index in all the groups
(»<0.0001), they were higher in groups I and II as shown in
Table 3. The total sleep time and sleep efficiency were
negatively correlated with blood urea, serum creatinine and
phosphorus, and positively correlated with albumin, hemo-
globin and creatinine clearance as shown in Figures 1,2,3
and 4. While, the brief arousal index and periodic limb
movement index were negatively correlated albumin, hemo-
globin and creatinine clearance, and positively correlated
with blood urea, serum creatinine and phosphorus as shown
in Table 4.

Discussion

Numerous factors probably contribute to the high prevalence
of sleep problem in HD patients including psychological
responses, metabolic changes and treatment-related factors. In
contrast the sleep of patients with chronic kidney disease not
yet receiving treatment has received little attention. However,
poor sleep quality is also prevalent in this group, but may be
more related to psychological factors rather than metabolic
changes associated with renal disease.” Therefore, the
objective of this study was to compare polysomnographic
measures of nocturnal sleep in stable patients on chronic,
intermittent hemodialysis in comparison with an age- and
gender-matched, metabolically comparable group with CKD
patients. We found that both the groups had reduced total
sleep time and sleep efficiency in comparison with normative
data, an observation consistent with the reported complaints
of poor sleep. Other than those similarities, the sleep features
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Table 2. Laboratory characteristics for all the studied groups.

ANOVA
Group 1 Group II Group III
Mean + SD Mean + SD Mean + SD F P

Cr. Clear. 7.87+1.475 24.582+7.42 103.65+13.572 975.15 <0.0001

Cholest. 151.7+49.88 165.07 +28.1 176.47 +19.004 3.777 0.0267

TG 138.57+56.92 112.90+41.1 127.03 £26.158 2.636 0.0774

HDL 55.96 +10.67 43.200 +5.09 60.900+9.974 31.377 <0.0001

LDL 93.20+8.91 97.530 +22.81 99.367 +20.094 0.8987 0.4108

Hb 103+1.1 11.363+1.31 13.733 +1.232 59.985 <0.0001

Urea 144.57 +31.95 145.83 +38.35 29.533+3.893 160.12 <0.0001

Creat 9.56+2.1 3.460+0.997 0.9833 +0.1440 314.19 <0.0001

Alb 2.62+0.23 3.007+0.228 4.003 +0.2205 289.27 <0.0001

Ca 9.66 +1.26 8.023 +£0.688 9.073+1.710 12.359 <0.0001

Phosphorus 5.51+1.44 5.593+0.64 3.947 +0.4281 28.925 <0.0001

Na 14577+3.3 141.07+3.4 140.67 +3.565 20.188 <0.0001

K 47+0.38 4.497+0.54 4.690+0.4172 1.985 0.1435

Note: Cr. Clear.: creatinine clearance ml/min, Ca: Calcium mg/dl, K: Potassium mg/dl, Na: Sodium mg/dl, HDL: high-

density lipoprotein mg/dL, LDL: low density lipoprotein mg/dL, Hb: hemoglobin g/dL, TG: triglyceride mg/dL, Alb:
Albumin g/dL.
Table 3. Characteristics of polysomnographic sleep measures for the studied group.
ANOVA
Group I Group II Group III
Mean + SD Mean + SD Mean + SD F P

Total sleep time (min) 326.80 +69.949 340.00+71.84 419.33 +38.04 19.602 <0.0001
Sleep latency (min) 51.267 +26.844 28.900+ 14.73 14.500+3.11 32.609 <0.0001
REM latency (min) 170.63 + 103.69 128.30+50.92 104.80+10.199 7.449 <0.0010
% Stage 1 32.083 +17.629 19.433+7.35 4.067 +0.82 48.468 <0.0001
% Stage 2 47.633+13.353 49.800 +4.64 47.500+1.8 0.7383 0.4809
% Slow wave sleep 30.600 + 12.990 13.400+5.3 22.567+1.71 33.355 <0.0001
% NREM sleep 76.467 +12.555 79.233 +£4.59 77.633+1.73 0.9555 0.3886
% REM sleep 25.000+9.837 18.967 +4.09 22.667+1.72 7.148 <0.0013
Sleep efficiency (%) 76.433 +13.281 75.767 +10.46 94.000 +2.435 32.974 <0.0001
Wake after sleep onset (%) 28.147+13.241 29.367+14.91 1.067 +0.827 57.804 <0.0001
Brief arousal index (events/h) 43.100 + 18.170 9.933 +3.21 2.567+1.79 122.07 <0.0001
Respiratory disturbance index (events/h) 29.993 +24.031 5.400 +2.58 2.733+1.78 34.607 <0.0001
RDI in REM (total no.) 16.233 +7.623 9.133+6.033 2.667+1.72 42.505 <0.0001
RDI in NREM (total no.) 38.900 5.233+2.99 2.833+1.70 76.535 <0.0001
Baseline O, saturation 93.700 + 2.588 94.567 +1.135 96.333 +1.66 15.051 <0.0001
Lowest O, saturation 83.167 +7.120 81.633 +7.299 92.000 + 1.59 26.452 <0.0001
Desaturation index 10.067 +5.878 6.367+5.116 4.833+0.83 10.607 <0.0001
Periodic limb movement index (events/h) 38.067 +21.850 9.467+5.975 2.867+1.54 61.117 <0.0001

Note: T.s.T: Total sleep time (min), S.1: sleep latency (min), REM: rapid eye movement sleep latency (min), S.1:Stage 1, S.: Stage 2, SWS: slow wave
sleep, S.E: sleep efficiency, WASO: wake after sleep onset, BAI: brief arousal index (events/h), RDI: respiratory disturbance index (events/h), RR:
RDI in REM (total no.), RN: RDI in NREM (total no.), B.S: baseline O, saturation, L.S: lowest O, saturation, D.I: desaturation index, PLM: periodic

limb movement index (events/h), NREM: non-rapid eye movement sleep.

of the two group differed. The CKD group had normal
average sleep latency, while that of the HD group was almost
twice as long. We also found that significantly less REM sleep
and increased numbers of brief arousals among the hemodi-
alysis patients, also they had more frequent apneas and limb
movements. Those finding suggest that the mechanisms
underlying the poor sleep reported by patients on chronic,
intermittent daytime HD and CKD may differ. Despite
elimination of potential subjects with significant physical
and psychological morbidities in both the groups, CKD
subjects reported poorer quality of life especially with regard
to functional and psychological status. It may be the prospect
of disease progression and eventual need for the treatment
may affect selected measures of sleep such as total sleep time.
In contrast the HD group may have reported higher quality of
life because of the opportunity to adjust to both the illness and

treatment. The greater number of brief arousal, apneas and
limb movement noted in HD group suggests that the chronic,
intermittent daytime form of this treatment may have
iatrogenic effects on sleep. This observation is consistent
with the finding reported by other study® which found that the
administration of slow, nightly HD significantly decreased
apnea ‘‘although it did not decrease arousals and limb
movements’’, possible due to enhancement of ventilator
stability. Collectively, those results suggest that administra-
tion of the treatment in a more stable, consistent manner, and/
or having stable residual renal function may have beneficial
effects on sleep. Treatment time of the day may also be a
contributing factor. In contrast, there are several mechanisms
via which chronic, intermittent daytime HD (induce very
rapid physiological changes) may alter biological systems
controlling sleep stability and quality. For example, this type
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Table 4. Correlation coefficient between total sleep time (min), sleep efficiency and periodic limb movement index with laboratory findings in all the

studied groups.

Ren Fail, 2015; 37(6): 1013-1019

Brief arousal index

Periodic limb movement index

Total sleep time (min) Sleep efficiency (events/h) (events/h)
r D r p r D r D
Creatinine clearance 0.561%* 0.000 0.635%* 0.000 —0.636%* .000 —0.562%* 0.000
Cholesterol 0.244* 0.021 0.114 0.284 —0.141 0.185 —0.368%* 0.000
Triglycerides 0.006 0.958 0.101 0.346 0.160 0.133 0.032 0.762
HDL 0.249* 0.018 0.387** 0.000 0.079 0.457 0.016 0.882
LDL —0.050 0.639 0.047 0.659 —0.099 0.352 —0.026 0.810
Hb 0.532%* 0.000 0.372%* 0.000 —0.544%* 0.000 —0.509%* 0.000
Urea —0.482%* 0.000 —0.596%* 0.000 0.436%* 0.000 0.367** 0.000
S. creatinine —0.418%* 0.000 —0.472%* 0.000 0.815%* 0.000 0.733%** 0.000
S. Albumin 0.523%** 0.000 0.580%* 0.000 —0.661%* 0.000 —0.581%* 0.000
S. Calcium 0.069 0.519 0.033 0.760 0.207 0.051 0.196 0.064
S. Phosphorus —0.399%* 0.000 —0.413%** 0.000 0.367%* 0.000 0.385%* 0.000
Na —0.172 0.105 —0.158 0.137 0.444%* 0.000 0.499%%* 0.000
K 0.179 0.092 0.060 0.575 0.142 0.183 0.062 0.563

Notes: *Correlation is significant at the 0.05 level (significant).
**Correlation is significant at the 0.01 level (highly significant).

of treatment has been associated with increased daytime sleep
that can decrease the quantity and quality of subsequent
nocturnal sleep. The rapid fluid, electrolyte and acid/base
changes that occur are often associated with central nervous
system symptoms such as changes in arousal and fatigue
during or immediately after treatment. A fall in cerebral
spinal fluid PH during dialysis and slow movement of
bicarbonate across the blood brain barrier may also be
contributing factors causing daytime somnolence and subse-
quent decreased nocturnal sleep quality and ventilator
instability.” Under-dialysis was considered by Chen and
colleagues as a factor that increased the likelihood of sleep
disruption in hemodialysis patients,” while Perl and associates
regarded the sleep abnormality as a marker of inadequate
dialysis.” In a study conducted by Christopher and his
colleagues, they found that by augmenting dialysis dose and
frequency by nocturnal hemodialysis (eight to ten hours, six
nights per week), they corrected night-time hypoxemia,
lowered heart rate, and returned the autonomic modulation
of heart rate variability during sleep to a more normal state of
vagal-sympathetic balance.'® Also Rajiv and Robert con-
cluded in their study that missing dialysis was associated with
greater burden of sleep disturbance.'' In our study the
percentage of sleep disorders in hemodialysis patients were as
follows: insomnia (69%), followed by OSAS (24%), RLS and
PLM (18%), nightmares (13%), EDS (12%), sleepwalking
(2%), possible RBD (2%), and possible narcolepsy (1.4%).
While the percentage of sleep disorders in CKD patients were
as follows: insomnia (54%), followed by RLS (19%), PLM
(12%), OSAS (16%), Nightmares (15%), EDS (15%), sleep-
walking (4%), possible RBD (3%), and possible narcolepsy
(1%). Our results showed positive correlation between
albumin level and sleep efficiency and total sleep time in
all the studied groups (r=0.579, p<0.0001 and r=0.5234,
p<0.0001), respectively. A negative correlation was found
between albumin level and brief arousal index and PLM in all
the studied groups (r=—0.6607, p <0.0001 and r=—0.581,
p<0.0001), respectively. These results were in agreement
with the results of other investigators'*'®> who found that
hypoalbuminemia reported to be associated with disturbed

sleep insomnia and RLS. In our study there was positive
correlation between Hb level and sleep efficiency and total
sleep time in all the studied groups (r=0.371, p =0.0003 and
r=0.531, p<0.0001) respectively, but a negative correlation
was found between Hb level and brief arousal index and
PLM (r=-0.543, p<0.0001 and r=—0.5087, p<0.0001),
respectively. These results were in agreement with many
observations reported by the other investigators.”'>'* As
regard to phosphate level and sleep disorders there was
positive correlation between phosphate level and brief arousal
index and PLM in all the groups (r=0.367, p =0.0004 and
r=0.384, p=0.0002), respectively, While negative correl-
ation was found between phosphate level and sleep efficiency
in all groups (r=-0.4131, p<0.0001 and r=—0.3987,
p<0.0001), respectively. On the other hand, sleep disorders
were also reported in many cases with chronic illness such as
liver cirrhosis and heart failure. Sleep-related complaints and
disturbances are increasingly recognized in the setting of
chronic liver disease and have recently been shown to be an
important prognostic factor in patients with advanced chronic
liver disease.' In a study conducted by Gencdal and others on
131 cirrhotic patients and 18 healthy volunteers, they found
that sleep disorders were common in cirrhotic patients, most
in Child C patients.16 Also, Vinicius et al., studied sleep
aspects and parameters in 42 cirrhotic patients, and 42
controls and assessed the role of liver dysfunction severity in
polysomnographic results. They concluded that cirrhosis was
associated with shorter sleep time, reduced sleep efficiency,
increased sleep latency, increased REM latency and reduced
REM sleep. Additionally, disease severity influences sleep
parameters.'’ These findings similar to what we encountered
in CKD and hemodialysis patients. Heart failure (HF) is also
associated with high levels of sleep disturbance and sleep
disorders, including insomnia, periodic limb movements
during sleep, and sleep disordered breathing.'® One study
was conducted by Johansson et al., on 331 elderly, to compare
the prevalence of sleep disordered breathing and insomnia
between elderly with heart failure and age and gender
matched elderly without cardiovascular disease. They con-
cluded that sleep disordered breathing, difficulties
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maintaining sleep and excessive daytime sleepiness were
more common in elderly with heart failure."

Conclusion

We conclude that the Sleep disorders are common in CKD
patients either on conservative management or on regular
hemodialysis. Treatment of anemia, hyperphosphatemia and
hypoalbuminemia may improve sleep disorders among those
patients. Future expansion of this work by using overnight
slow low-efficient dialysis sessions for the patients with sleep
disorders may be provided a proper therapy in this category of
patients. Other chronic systemic diseases like liver cirrhosis
and heart failure are one of the most important factors that can
affect the characteristics of patents sleep for a long-time
period. Chronic diseases cause various sleep problems and
impair sleep quality.
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