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ABSTRACT

Background: Sleep disturbances are common among uremic patients;
however, limited data are available on predictors of sleep quality in this
population. We assessed sleep quality in patients on hemodialysis (HD)
and peritoneal dialysis (PD) and investigated predictors related to sleep
quality.

Methods: Patients on maintenance HD and PD were consecutively
included from two medical centers in Isfahan city (Iran). They completed
the Pittsburgh sleep quality index (PSQI) and hospital anxiety and
depression scale. Laboratory tests were done for iron state, kidney
function, and electrolytes. Univariate and multivariate analyses were
performed to find predictors of sleep quality.

Results:  About 90 patients were evaluated (53 males,
age = 54.2 & 15.2 years, disease duration = 5.3 & 4.5 years). Poor sleep
quality was frequent in 86.6% of the cases in each group of HD and PD
patients. Patients on HD had poorer sleep quality in terms of total PSQI
scores and two dimensions of sleep latency and sleep efficiency (P<0.05).
Anxiety (B = 0.232, P = 0.027), depression (3 = 0.317, P = 0.004), and
being on HD (B = 2.095, P = 0.009) were independent predictors of
overall poor sleep quality.

Conclusions: Poor sleep quality is highly frequent in patients on
maintenance dialysis and mood disorders and being on HD are predictive
factors. Further studies are required for better understanding of risk
factors associated with poor sleep quality and thus possible treatments
in these patients.

Keywords: End-stage renal disease, hemodialysis, peritoneal
dialysis, risk factors, sleep disorders

INTRODUCTION

Various types of sleep disturbances are common among
patients with end-stage renal disease (ESRD), ranging from
50% to 80% by subjective manner and in up to 50% of the
cases as objectively documented with polysomnography.!'?
Frequent sleep disorders in patients on hemodialysis (HD) and
peritoneal dialysis (PD) include sleep apnea syndrome, restless
legs syndrome, and periodic limb movement disorder.3! The
etiology of sleep disorders in patients on dialysis is not completely
discovered; however, it is known to be multi-factorial. Various
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conditions, including dialysis, medications,
metabolic abnormalities, malnutrition, fatigue,
muscle cramps, peripheral neuropathy, and
emotional problems, all common in ESRD
patients, can have effects on development of sleep
disturbances in these patients.!!:>43!

The presence of sleep disorder is associated
with lower quality of life and higher mortality
in patients on dialysis.*” Thus, it is important to
investigate the risk factors associated with sleep
disorders and improve the quality of sleep in ESRD
patients in order to increase patients’ quality of
life and probably reduce associated mortality.
Although separate studies have investigated the
type and frequency of sleep disturbances in HD
and PD patients, only few reports are available
on the effects of dialysis type on sleep quality.!®!%
Furthermore, the results of previous studies on
other risk factors have been controversial. Hence,
we assessed sleep quality in patients on HD and
PD and evaluated possible risk factors related to
sleeping disturbances.

METHODS

Patients and settings

This cross-sectional study was conducted between
January and December 2011 on adult patients with
ESRD who were on maintenance HD or PD for at
least 3 consecutive months in two academic medical
centers in Isfahan city (Iran). Patients with a history of
hospitalization within 4 weeks before the study were
not enrolled. Consecutive sampling was done and
with regard to the first type of error (o) = 0.05, study
power = 80%, and minimum expected difference of
10% in the frequency of poor sleep quality between
the HD and PD patients based on previous studies,”’
sample size was calculated as 45 cases in each group
of the HD and PD patients. The study protocol
was approved by the Ethics Committee of Isfahan
University of Medical Sciences and an informed
consent was obtained from all patients.

Assessments

Based on patients’ documents and during
an interview with a trained resident of internal
medicine, a questionnaire, including demographic,
disease, and dialysis characteristics, sleep quality,
and psychological factor (anxiety and depression)
was completed with the following parts:

Pittsburgh sleep quality index

The Pittsburgh sleep quality index (PSQI) is an
18-item self-rated questionnaire for the evaluation
of the overall sleep quality within the preceding
month. PSQI evaluates seven components of sleep
quality, including subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of medication for sleep,
and daytime dysfunction due to poor sleep. Each
component score is calculated and coded from 0 to
3, where 0 indicates “no difficulty,” and 3, “severe
difficulty.” The global score ranges from 0 to 21,
where scores of <5 indicate good sleep quality and
scores of >5 indicates poor sleep quality.!'!]

The hospital anxiety and depression scale

The hospital anxiety and  depression
scale (HADS) is a brief and widely used measure
of psychological distress in outpatient setting. The
HADS contains 14 items and consists of two sub
scales of anxiety and depression. Each item is rated
on a 4-point scale, giving a maximum score of 21 for
each of the anxiety and depression sub scales. Scores
of 11 or more on either sub scale are considered to
be a significant “case” of psychological morbidity,
while scores of 8-10 represents a “borderline” and
0-7 a “normal” case.l'>!3 For the above-mentioned
questionnaires, a linguistically validated and reliable
Persian version was used in this study.[!415

Laboratory assessments

Patients were tested for complete blood counts,
iron state with serum iron, ferritin, total iron
binding capacity (TIBC), and transferrin (and
saturation), albumin, electrolytes, including
calcium and phosphorus, creatinine, blood urea
nitrogen (BUN), and C-reactive protein (CRP).
Fasting blood samples were taken in the morning in
almost all patients when they came to the hospitals
for dialysis session or for visits, and then were sent
to one clinical laboratory for analyses. In those who
came for dialysis session, blood samples were taken
before the dialysis.

Data analyses

Data were analyzed using the SPSS software
for windows (version 16.0, Chicago IL., USA).
Comparisons between categorical variables were
done using the Fisher’s exact or Chi-square tests.
Student’s #-test and Mann—Whitney tests were used
for comparison of parametric and non-parametric
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data, respectively. Multivariate regression analyses
were also performed to find factors associated with
sleep quality. Statistical significance was defined at
the 95% level (P<0.05). Because not all comparisons
have a predefined 1-tailed hypothesis, we reported
2-tailed P values for all analyses.

RESULTS

During the study period, 45 patients on HD and
45 patients on PD were evaluated including 53 males
and 37 females with the mean age of 54.2 £ 15.2 years
and disease duration of 5.3 +4.5 years. Demographic
data, disease characteristics, and laboratory tests’
results of the patients are presented in Table 1.
Compared with patients on PD, those who were
on HD had longer disease duration (P < 0.001),
lower body mass index (BMI) (P = 0.013), lower
calcium (P = 0.003) and higher phosphate and
calcium X phosphate product (P < 0.001), lower
BUN (P = 0.044) and creatinine (P < 0.001),
and higher albumin (P < 0.001) and ferritin
levels (P = 0.001). Furthermore, patients on PD
were under iron supplementation more frequently
than HD patients (P = 0.035). Other variables were
the same between the HD and PD patients.

Psychological state and sleep quality

Comparisons of psychological state and sleep
quality between the two groups of HD and PD
patients are presented in Table 2. The two groups
were not significantly different regarding anxiety
or depression scores (P > 0.05). Poor sleep quality
was frequent in 86.6% of the cases in each group.
However, patients on HD had poorer sleep quality
in terms of total PSQI scores and two dimensions of
sleep latency and sleep efficiency (P < 0.05).

Predictors of sleep quality

In univariate analyses, there was a significant
association between anxiety/depression scores
and PSQI total score (r = 0.463 and 0.478,
respectively, P<0.001). Age, gender, ESRD duration,
comorbid diseases, or BMI were not significantly
associated with PSQI total score, but there was
a non-significant relationship between physical
activity and total PSQI score (r=-0.198, P=0.063).
Physical activity was also significantly associated
with sleep quality in terms of “day dysfunction due
to sleepiness” (r=—-0.429, P<0.001). Scores of this
component of sleep quality was also associated
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Table 1: Demographic, clinical, and laboratory characteristics
of patients on hemodialysis and peritoneal dialysis

Variables HD n=45 PD n=45 P
Age (year) 54.5£15.0 54.0£15.6  0.875
Gender (M/F) (%) 25(55.5)/20 28 (62.2)/17 0.334
(44.4) (37.7)
ESRD 7.445.3 334222 <0.001
duration (year)
BMI (kg/m?) 22.7+£3.9 25.0+4.5 0.013
ESRD etiology (%)
Diabetes 18 (40) 18 (40) 0.570
Hypertension 11 (24.4) 13 (28.8)
Glomerulonephritis 2(4.4) 4 (8.8)
Others 8 (17.7) 7 (15.5)
Unknown 6(13.3) 3(6.6)
Comorbid (%)
Hypertension 31 (68.8) 39 (86.6) 0.074
Diabetes 20 (44.4) 20 (44.4) 1.000
Ischemic heart 13 (28.8) 15 (33.3) 0.820
disease
Hemoglobin (g/dL) 11.4+1.8 12.0+1.6 0.130
Albumin 4.0£0.4 3.4+0.4 <0.001
Iron (ng/dL) 79.7£32.4 81.6£34.2  0.784
TIBC (ng/dL) 291.2442.6  282.5+62.7  0.445
Ferritin (ng/dL) 496.44317.6 285.6+£266.2 0.001
Transferrin (mg/dL)  186.6+38.3  194.8442.5  0.340
Transferrin 44.4+20.3 43.9+£21.5  0.906
saturation (%)
Calcium (mg/dL) 8.16+1.04 8.71£0.59  0.003
Phosphate (mg/dL) 5.48+1.35 4.04+0.85 <0.001
CaxPh (mg?dL?) 44.6x11.6 35.1£7.1  <0.001
Erythropoietin 5288.8+ 4466.6+ 0.399
dose (U/Wk) 4920.3 4261.8
CRP (mg/L) 6.6+10.9 6.9+11.6 0.892
Iron 10 (22.2) 19 (42.2) 0.035

supplements (%)
I e T

Data are presented as mean+SD and number (%).
ESRD=End-stage renal disease, HD=Hemodialysis,
PD=Peritoneal dialysis, TIBC=Total iron binding capacity,
BMI=Body mass index, TIBC=total iron binding capacity,
CRP= C-reactive protein

with CRP levels (r = 0.249, P = 0.019). Other
laboratories tests results were not associated with
PSQI total score or its components.

In multivariate analysis, with a stepwise model,
anxiety (=0.232, P=0.027), depression ( =0.317,
P =0.004), and being on HD ( = 2.095, P = 0.009)
were independent factors associated with overall
poor sleep quality (total PSQI score). Predictors of
sleep quality with regards to different PSQI domains
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Table 2: Comparison of psychological state and sleep
quality components between the hemodialysis and
peritoneal dialysis patients

Variables HD n=45 PD n=45 P
Anxiety score 9.0+4.9 8.7+4.5 0.775
Depression score 10.244.1 8.8+5.0 0.135
Duration of sleep 2.0 (2.5) 1.0 (2.0) 0.130
Sleep disturbance 2.0 (1.0) 1(1.0) 0.069
Sleep latency 2.0 (1.0) 1(1.5) 0.030
Day dysfunction 1.0 (1.0) 1(0.5) 0.502
due to sleepiness

Sleep efficiency 1.0 (2.0) 0.0 (1.0) 0.005
Overall sleep quality 2.0 (1.0) 2 (1.0) 0.486
Need medication 1.0 (1.0) 1 (0.0) 0.574
PSQI total score 11.8+4.5 9.5+4.2 0.017
PSQI score>5 (%) 39 (86.6%) 39 (86.6%) 1.0

Data are shown as meant+SD, median (Interquartile
range), and number (%), PSQI=Pittsburgh sleep quality
index, HD=Hemodialysis, PD=Peritoneal dialysis

are presented in Table 3. Mood disorders were
independently associated with poor sleep quality in
most of the PSQI domains.

DISCUSSION

Sleep disturbances are common among ESRD
patients and are associated with decreased quality of
life and higher mortality rates.”” Having knowledge
about the risk factors of sleep disorders is helpful
in designing preventive and therapeutic strategies
for these patients. We evaluated the association of
dialysis type (HD vs. PD) and other possible risk
factors with sleep quality in patients on dialysis. The
prevalence of poor sleep quality in our patients was
similar to other reports from our society (87.8%).1¢
Using the same sleep measure (PSQI), the frequency
of poor sleep quality is reported from 57% to 88.5%
in other societies.”!7!”) This variation between
different populations highlights the role of internal
as well as external factors affecting the quality of
sleep. Although previous studies evaluated different
possible risk factors in patients on dialysis, only
few of them included both HD and PD patients.
Turkmen et al., found similar sleep quality scores
between the HD and PD patients.’! Another
study in the same population (Turkey) also found
a non-significant difference between the HD
and PD patients in the frequency of poor sleep
quality (88.5% vs. 78.0%).”) The study by Holley

Table 3: Predictors of overall poor sleep quality and
each Pittsburgh sleep quality index components based on

stepwise logistic regression analysis
I

PSQI domains Predictors

(standardized B coefficient)
Total PSQI score Anxiety, depression,

hemodialysis ($=0.249, 0.328, 0.240)
Day dysfunction Anxiety, physical activity, CRP level,
due to sleepiness age (p=0.373,—0.259, 0.208, 0.196)
Sleep Anxiety, hemodialysis, transferrin
disturbance level ($=0.399, 0.217, 0.272)

Duration of sleep
Sleep latency

Sleep efficiency

Overall sleep
quality score

Depression (3=0.280)

Depression, female gender,
hemodialysis ($=0.255, 0.225, 0.205)
Depression,

hemodialysis (p=0.334, 0.288)
Depression, transferrin

level (f=0.414, 0.201)

PSQI=Pittsburgh sleep quality index, CRP= C-reactive
protein

et al., also did not found difference between HD and
PD patients in the frequency or severity of sleep
disturbances.'”! In our study, the overall frequency
of poor sleep quality was similar between the HD
and PD patients, but the total PSQI score was higher
in the HD patients. This difference was confirmed
by the multivariate analysis, controlling for different
factors, which showed independent association
of being on HD with poorer sleep quality. On the
other hand, patients on PD had higher BMI, more
frequent hypertension, and lower albumin and
ferritin levels, and these factors are supposed to be
associated with poor sleep quality based on some
reports.171820211 Regarding dialysis shift, Hsu ez al.,
found a beneficial effect of evening HD, compared
with morning and afternoon HD, on sleep quality
and reduction of daytime symptoms,??! while
another study did not find an association in this
regard.?¥ Our sample was not large enough for
such comparison as we only have one patient not
receiving evening HD. Unfortunately, we did not
have access to data on dialysis adequacy for all
patients and precise analysis of such an association
remains for future studies. Furthermore, in future
studies other factors related to HD compared with
PD must be considered as possible mechanisms by
which patients on HD have poorer quality of sleep
compared with patients on PD.

With regards to possible risk factors of poor
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sleep quality other than type of dialysis, similar
to several other studies,?*?! we found that mood
disorders (anxiety and depression) are important
factors independently associated with sleep quality.
Mood disorders are highly prevalent in patients
on dialysis, describing high prevalence of sleep
disturbance in these patients.?” Although mood
disorders have direct effects on sleep disorders,?
this association in ESRD patients may also be
mediated by increased (neuro) inflammatory
burden due to mood disorders resulting in
other comorbidities such as cardiovascular and
pulmonary disorders.® An association between age
and sleep quality in ESRD patients is also reported
by some studies.'82330 In our study, however,
age was independently associated with only one
of the sleep quality domains, “day dysfunction
due to sleepiness.” Although age is found to be
independently associated with sleep quality, this
association may be, at least in part, mediated by the
presence of comorbid diseases, less physical activity,
and nutritional status in older patients.!'83!-%3 We
also found female gender an independent predictor
of sleep latency. Female gender was associated with
poor sleep quality in one other study,?® but the other
one found an association between male gender and
sleep quality.*¥ While male gender is found to be
associated with sleep apnea syndrome,3>3¢ female
gender is an independent risk factor for restless legs
syndrome,®738! and both of these syndrome are
common among dialysis patients and are associated
with poor sleep quality.['*383% Thus, the association
between gender and sleep quality may be mediated
by the presence of other sleep disorders.

With regards to laboratory tests’ results, we did
not find an association between calcium/phosphate
and sleep quality, while in one study, poor sleep
quality was associated with higher serum phosphate
levels,*¥ and other studies found that higher amount
of calcium X phosphate product is associated with
sleep quality."® This association may be justified
by higher frequency of comorbidities in patients
with elevated calcium X phosphate product,
though further investigations are required in this
regard.!"¥ Similar to several other reports we found
an independent association between CRP levels
and sleep quality.[**#? This association corroborated
to the role of inflammation in the pathogenesis
of sleep disturbances. On the other hand, the
inflammatory state in dialysis patients might be
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due to sleep related breathing disorders.*}! Indeed,
it might be a bidirectional relationship between
sleep disturbance and inflammatory state in ESRD
patients, which can also justify the association of
sleep disorders with an increased mortality rate of
dialysis patients.

Anemia is another possible mechanism that
has long been considered as a risk factor for sleep
disturbance in dialysis patients. An association
between hemoglobin levels,?® iron deficiency,"®
and transferrin saturation!’”! has been indicated by
previous reports. In our study, higher transferrin
level (that may indicate an iron deficient state) was
a predictor of poor overall sleep quality and sleep
disturbance. However, other indicators of iron state
were not associated with sleep quality in our study
and a precise conclusion is not possible from our
data in this regard. Anyway, the full evaluation of
iron status in ESRD patients with sleep disorder and
appropriate therapy when results indicate an iron
deficiency state seems to be warranted.

While several studies showed high prevalence
of sleep disorders among patients on dialysis, few
reports are available on treatment strategies, which
could be attributed to the unclear pathophysiology
of sleep disorders in these patients. Also, the
presence of frequent comorbidities and drug
interactions limit the use of sleep medications in
ESRD patients. However, considering the current
known risk factors, some trials have been done with
two main approaches; therapeutic interventions
and dialysis modifications. In one study, a course
of cognitive-behavioral therapy resulted in
improvement of sleep quality and psychological
state.* Another study with intradialytic aerobic
exercise found the same results.*”! In these studies,
sleep quality improvement has been associated
with decrease in inflammation and oxidative stress
markers, highlighting the role of inflammation
and oxidative stress in sleep disturbances in
patients on dialysis.***! The beneficial effects of
cognitive-behavioral therapy and (intradialytic
aerobic) exercise have also been reported by other
studies.*’#8! Thus, regarding high prevalence of
mood disorders in ESRD patients on dialysis and its
effects on sleep quality, psycho-behavioral therapies
could be good candidates for the treatment of
mood/sleep disorders in ESRD patients. Regarding
dialysis-related factors, skin temperature changes
following dialysis have possible effects on nocturnal
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sleep, and using cool dialysate during HD showed
improved sleep during the night following treatment

in patients on chronic peritoneal dialysis. J Nephrol
2009;22:318-25.

in one trial.*’ The underlying mechanism in this 4. Bilgic A, Akgul A, Sezer S, Arat Z, Ozdemir FN,

trial might be decreasing sympathetic activation and Haberal M. Nutritional status and depression, sleep

maintaining normal nocturnal skin temperature.! disorder, and quality of life in hemodialysis patients.

Several studies also reported beneficial effects of J Ren Nutr 2007;17:381-8.

nocturnal dialysis, which provides superior dialysis 5. Gusbeth-Tatomir P, Boisteanu D, Seica A, Buga C,

based upon dose, duration, and frequency.’®3 Cov1c’A. Sle.ep dl.sgrder's: A §ystemat1c review of an

Correction of melatonin rhythm®"% and better fluid emerging major clinical issue in renal patients. Int Urol

and uremic clearance are mentioned as possible Nephrol 2007;39:1217-26. . ,

mechanisms in this regard.’’ Anyway, much more 6. La Manga .G, Pizza F, Persici E, Baraldi O, Comai G,

studies are required for the treatment of sleep CapPuCCﬂh ML.’ et al. ReSﬂe.S s %egs sy dror.ne enhances

disorders in ESRD patients. ce.lrdlovass:ular riskand mo.rtahty in patients with en(.i—stag?e
kidney disease undergoing long-term haemodialysis
treatment. Nephrol Dial Transplant 2011;26:1976-83.

CONCLUSIONS 7. Masuda T, Murata M, Honma S, Iwazu Y, Sasaki N,

The results of the present study showed that poor Ogura M, et al. Sleep-disordered breathing predicts
sleep quality is highly frequent in uremic patients on carfhovascular evepts and mortality in hemodialysis

maintenance dialysis, and mood disorders and being patients. Nephml,D_ ial Transplant 2011:26:22 8_9'95'

on HD are major risk factors for poor sleep quality 8. Turkmen K, Yazici R, Solak Y, Guney I, Altintepe L,

in these patients. Furthermore, we found that age, Yeksan M, et al Health_rélated .quahty O.f hfe’. sleep

female gender, lower physical activity, inflammation, guahtdy’ land detprets Slﬁn n dPelr;t?;gigilg 11y;81s282d

and an iron deficient state are independent predictors 9 Eemo 1A1YSIS patientts. T emodiat A o T

. . R . . Eryavuz N, Yuksel S, Acarturk G, Uslan I, Demir S,
of quality of sleep in some of its dimensions. Further Demir M. ef al. Compari £l litv bet
3 ; . ) , . parison of sleep quality between
studies are re_qmred 1.'”01‘ better underStar%dmg of risk hemodialysis and peritoneal dialysis patients. Int Urol
factqrs associated W}th poor slee;p quahty and thus Nephrol 2008:40:785-91.

possible treatments in the§e patients. Wlth current 10. Holley JL, Nespor S, Rault R. A comparison of reported

knowledge,' psycho-behavioral therapies could be sleep disorders in patients on chronic hemodialysis

good candidates for the treatment of mood/sleep and continuous peritoneal dialysis. Am J Kidney Dis
disorders in ESRD patients on maintenance dialysis. 1992:19:156-61.
11. Buysse DJ, Reynolds CF 3, Monk TH, Berman SR,
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