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Previous studies have observed worse sleep quality in patients undergoing conventional dialysis as compared to daily dialysis.
Our aim was to compare the sleep parameters of patients undergoing daily or conventional dialysis using an objective measure
(actigraphy). This cross-sectional study was performed in three dialysis centers, including a convenience sample (nonprobability
sampling) of 73 patients (36 patients on daily hemodialysis and 37 patients on conventional hemodialysis).The following parameters
were evaluated: nocturnal total sleep time (NTST), expressed inminutes; wake time after sleep onset (WASO), expressed inminutes;
number of nighttime awakenings; daytime total sleep time (DTST), expressed in minutes; number of daytime naps; and nighttime
percentage of sleep (% sleep).TheMini-Mental State Examination and the Beck Depression Inventory were also administered.The
mean age was 53.4 ± 17.0 years. After adjustment of confounding factors using multiple linear regression analysis, no difference in
actigraphy parameters was detected between the groups: NTST (𝑝 = 0.468), WASO (𝑝 = 0.88), % sleep (𝑝 = 0.754), awakenings
(𝑝 = 0.648), naps (𝑝 = 0.414), and DTST (𝑝 = 0.805). Different from previous studies employing qualitative analysis, the present
assessment did not observe an influence of hemodialysis modality on objective sleep parameters in chronic renal patients.

1. Introduction

The literature provides evidence that chronic diseases may
compromise the quality of sleep. One example is end-stage
renal disease (ESRD), in which 80% of affected individuals
experience insomnia and other sleep disturbances [1, 2].
Additionally, an independent association has been observed
between ESRD and reduced total and REM sleep times,
possibly as a result of uremia, fluid overload, or both [3].

The clinical management of ESRD relies on renal replace-
ment therapy through dialysis. Conventional dialysis, the
most traditional modality, involves thrice weekly sessions
lasting up to 4 hours. Recent studies have shown signif-
icant improvement in survival with the use of high-flux
membranes, ultrafiltration control, bicarbonate dialysate, and
other more efficient water treatments [4]. These advance-
ments have led to the introduction of daily dialysis that
has some advantages over conventional dialytic therapy,

including shorter daily treatment times. On the other hand,
the study of Locatelli and coworkers showed that only a subset
of patients with low serum albumin experience increased
survival [5]. Daily hemodialysis is indeed associated with
better control of blood pressure, ventricular hypertrophy,
depression, cognitive function, and also survival. The mech-
anisms are probably related to a decreased ultrafiltration
rate and better volume control and not the use of high-
flux membranes. Daily dialysis is provided five to seven
times per week, with sessions lasting 1.5 to 2.5 hours per
day. Improvements in clinical parameters in daily dialysis
have been cited, such as treatment tolerance, blood pressure
control, nutritional status, and adverse events (anemia and
hospital admissions, among others), with increase in survival
and quality of life as well as patient well-being [6].

Enhancement in sleep quality, which is often poor in
individuals on maintenance hemodialysis, has also been
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suggested in association with daily dialysis, although the
findings are inconclusive. A study performed by Jaber et al.
[7] with individuals undergoing short daily hemodialysis (6
times a week) has shown significant improvement in the
prevalence and severity of restless legs symptoms after 12
months. Sleep disturbances, assessedwith a self-administered
survey, were also significantly improved. In addition, a recent
study comparing polysomnographic parameters of 15 patients
on daily hemodialysis versus 15 patients on conventional
hemodialysis did not detect significant differences in the
prevalence of obstructive sleep apnea between the groups
(33.3% for daily dialysis versus 53.3% for conventional dial-
ysis, 𝑝 = 0.08) [8]. Similarly, a study using the Medical
Outcomes Study Sleep Problems Index II instrument did not
detect statistically significant differences between frequent
versus conventional dialysis in sleep quality at 12 months [9].

Thus, the aim of the present study was to compare the
sleep profile of patients undergoing daily or conventional
dialysis using an objective measure (actigraphy). We hypoth-
esized that sleep parameters, especially total nocturnal sleep
time, would be more favorable with daily dialysis.

2. Methods

2.1. Setting. The present cross-sectional study included non-
probability sampling of ESRD patients undergoing daily or
conventional dialysis in three facilities in Braśılia, Brazil. The
first facility (Centro Brasiliense de Nefrologia (CBN)) is a
private clinic providing daily dialysis (1.5 to 2.5 h sessions)
exclusively to private insurance patients. The second facility,
located in a university hospital (Centro de Diálise do Hospital
Universitário de Braśılia (HUB/UnB)), provides conventional
dialysis (3 to 4 h sessions) exclusively to patients from the
public health care system (Unified Health System (SUS)).
The third facility (Nephron-Unidade de Diálise) provides care
to both private and public health care patients, with focus
on conventional dialysis (sessions lasting 3 to 4 hours).
Baseline data were collected from medical records. The
study was approved by the Research Ethics Committee at
the School of Medicine, Universidade de Braśılia (protocol
CAAE 31399514.9.0000.5558). All participants included in the
final sample signed an informed consent form before the
procedures. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research com-
mittee and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

2.2. Participants. We included community-dwelling patients
aged ≥18 years with a confirmed diagnosis of ESRD, receiving
hemodialysis treatment for at least 3 months, and living in
the same address for the study period. Patients who were
not capable of understanding or answering questionnaires
were not included, as well as those with movement disorders,
upper limb paralysis that could compromise actigraphy,
psychiatric disorders or disabling cognitive disorders, history
of traumatic brain injury with residual neurological deficit, or
any other detectable unstable medical condition that could
prevent the patient from completing the research protocol.

All interviews were performed by the principal investi-
gator (Ludimila D’Avila e Silva Allemand) on two different
occasions during hemodialysis sessions. Data were collected
between October 2014 and April 2016.

2.3. Measurements. A brief questionnaire was adminis-
tered for collection of demographic clinical data: age
(years), sex (m/f), body mass index (BMI; kg/m2), school-
ing (years), income, ESRD etiology, duration of dialysis
(hemodialysis vintage, in months), and dialysis shift (morn-
ing/afternoon/night). The use of hypnotics, antidepressants,
or other psychotropic medications was investigated (yes/no),
as well as tobacco and alcohol consumption (yes/no).Medical
records were reviewed to obtain the most recent data on
hemoglobin (g/dL), iron (𝜇g/dL), ferritin (𝜇g/L), phospho-
rus (mg/dL), calcium (mg/dL), albumin (g/dL), potassium
(mmol/L), and pre- and postdialysis urea (mg/dL) levels.
The following tests were performed in all patients: the Mini-
Mental State Examination (MMSE) (cognitive profile) [10]
and the Beck Depression Inventory (BDI-II) [11].

Sleep parameters were assessed using an actigraph (Acti-
watch, Respironics, Inc., Mini-Mitter, Bend, OR) and a
data analysis software platform (Actiware, version 5.59.0015,
2010). The following parameters were used: (1) wake thresh-
old selection = medium; (2) wake threshold value = 40; and
(3) sleep interval detection algorithm = 10 immobile minutes
for sleep onset and sleep end.

The actigraph was placed on the arm without arteriove-
nous fistula for continuous monitoring over nine days. To
reduce the possibility of bias, the first and last days were
disregarded, and data referring to 7 days and 7 nights were
analyzed. Patients kept a sleep diary to document the time
at which they went to bed and turned off the lights, as well
as any occasions when they had to remove the device. The
diary was used for adjustment of actigraphy data if necessary.
Participants also used the “event” marker in the actigraph to
record the time getting into bed and out of bed. Actigraphy
data for each participant were extracted after 9 days. Data
were analyzed in a blind fashion, with the evaluator blinded
to the type of dialysis.

The following outcomes were evaluated: nocturnal total
sleep time (NTST), expressed in minutes; wake time after
sleep onset (WASO), that is, the sumof wake times from sleep
onset to final awakening, expressed in minutes; number of
nighttime awakenings from sleep onset to final awakening
(awakenings); daytime total sleep time (DTST), expressed in
minutes; number of daytime naps (naps), that is, daytime
sleep periods lasting more than 10 minutes; and nighttime
percentage of sleep (% sleep) from sleep onset to final
awakening.

2.4. Statistical Analysis. Student’s 𝑡-test was used to compare
continuous variables with close-to-Gaussian distribution in
both treatment groups. The Mann–Whitney test was used
for variables with non-Gaussian distribution regardless of
treatment modality. Pearson’s chi-square test was used to
compare proportions between treatments.

The influence of potential confounding factors was tested
by multiple linear regression models having sleep parameters
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Table 1: Demographic and clinical variables of patients undergoing dialysis (𝑛 = 73).

Variable∗ Daily hemodialysis Conventional hemodialysis
𝑝#

𝑛 = 36 𝑛 = 37

Age (years) 59.3 ± 18.6 47.6 ± 13.3 0.002
Sex 0.044

Male 24 (66.7) 16 (43.2)
Female 12 (33.3) 21 (56.8)

Schooling (years) 2.7 ± 0.5 1.6 ± 0.6 <0.0001
Hemodialysis vintage (months) 50.9 ± 38.5 59.2 ± 50.3 0.650
Treatment shift 0.074

Morning 22 (61.1) 27 (73.0)
Afternoon 9 (25.0) 10 (27.0)
Night 5 (13.9) 0 (0.0)

Use of hypnotics 0.091
Yes 8 (22.2) 3 (8.1)
No 28 (77.8) 34 (91.9)

Use of antidepressants 0.0004
Yes 16 (44.4) 3 (8.1)
No 20 (55.6) 34 (91.9)

Other psychotropic medications 0.590
Yes 6 (16.7) 8 (21.6)
No 30 (83.3) 29 (78.4)

Use of tobacco 0.674
Yes 3 (8.3) 2 (5.4)
No 33 (91.7) 35 (94.6)

Use of alcohol 0.188
Yes 8 (22.2) 4 (10.8)
No 28 (77.8) 33 (89.2)

Scales
MMSE 27.9 ± 1.9 27.6 ± 2.2 0.378
BDI-II 10.6 ± 7.0 14.6 ± 6.9 0.013

Body mass index (kg⋅m2) 25.1 ± 5.0 25.7 ± 3.8 0.577
Hemoglobin (g/dL) 11.7 ± 1.3 10.9 ± 2.0 0.071
Iron (𝜇g/dL) 62.9 ± 28.7 64.4 ± 26.1 0.742
Ferritin (ng/mL) 331.2 ± 326 379.2 ± 275 0.499
Albumin (g/dL) 4.0 ± 0.6 4.0 ± 0.3 0.563
Predialysis urea level (mg/dL) 107.8 ± 34.9 132.6 ± 34.5 0.003
Postdialysis urea level (mg/dL) 51.1 ± 19.0 35.4 ± 17.7 0.0005
Potassium (mEq/L) 5.0 ± 0.7 5.4 ± 0.9 0.031
Phosphorus (mg/dL) 5.4 ± 1.5 5.5 ± 1.5 0.725
Calcium (mg/dL) 9.1 ± 0.8 9.0 ± 0.7 0.393
∗Mean ± standard deviation or frequency (%). #Student’s 𝑡-test, Mann–Whitney test, or Pearson’s chi-square.

(NTST, WASO, % sleep, awakenings, naps, and DTST)
as dependent variables. Potential confounders, sex, age,
schooling, income, hemodialysis duration and shift, use of
medications, tobacco, and alcohol, and MMSE, BDI-II, and
BMI scores, were entered into the model in a stepwise
manner. The contribution of each variable to the model
was estimated and compared according to specified entry
or removal criteria. Independent variables were kept in the
model if 𝑝 = 0.15. A 𝑝 < 0.05 was established as limit for
significance. Statistical analyses were carried out using SAS
9.4 software (SAS Institute, Cary, USA).

3. Results

Of 80 eligible patients, six refused to participate (4 patients
on daily dialysis and 2 patients on conventional dialysis)
and one patient died. Thus, the final sample included 73
patients (36 patients on daily hemodialysis and 37 patients on
conventional hemodialysis).

The mean age of participants was 53.4 ± 17 years (59.3
years for daily hemodialysis and 47.5 years for conventional
hemodialysis, 𝑝 = 0.002); 40 patients were male and 33
were female. Table 1 describes the study population. ESRD
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Table 2: Actigraphic variables, sleep quality, and daytime sleepiness in patients undergoing two modalities or hemodialysis (𝑛 = 73).

Variable Hemodialysis∗
𝑝 value#

Daily (𝑛 = 36) Conventional (𝑛 = 37)
NTST (min) 348.0 ± 95.2 349.9 ± 63.9 0.468
WASO 76.0 ± 41.1 66.4 ± 33.4 0.188
% sleep 82.5 ± 8.4 84.8 ± 7.1 0.754
Awakenings (number) 26.8 ± 10.2 23.6 ± 8.1 0.648
Naps 43.6 ± 18.1 38.1 ± 15.7 0.414
DTST 188.9 ± 99.7 175.2 ± 93.7 0.805
∗Mean ± standard deviation or frequency (%). #Linear or multiple regression models adjusted for age, dialysis shift, use of hypnotics, use of antidepressants,
and BDI-II score. NTST: nocturnal total sleep time; WASO: wake time after sleep onset; DTST: daytime total sleep time.

was caused by hypertensive nephropathy (𝑛 = 24, 32.8%),
diabetic nephropathy (𝑛 = 13, 17.8%), glomerulonephritis
(𝑛 = 8, 10.9%), polycystic kidney disease (𝑛 = 8, 10.9%), lupus
nephritis (𝑛 = 3, 4.1%), and other causes (𝑛 = 15, 20.5%).

There was no statistical difference between the groups in
actigraphy parameters. Mean NTST, WASO, % sleep, awak-
enings, naps, and DTST were similar in the daily dialysis and
conventional dialysis groups even after adjustment of con-
founding factors using multiple regression analysis (Table 2).
However, when considering the overall sample (𝑛 = 73),
multiple linear regression analysis showed that dialysis shift
(morning, afternoon, or night) significantly influenced spe-
cific sleep variables. Patients undergoing hemodialysis in the
afternoon or night had an additional 40.3 minutes of NTST
as compared to patients undergoing dialysis in the morning
(95% CI: 3.56–77.09; 𝑝 = 0.032); and patients undergoing
dialysis in the morning had a mean of 69 additional minutes
of DTST as compared to patients undergoing hemodialysis in
the afternoon or at night (95% CI: 25.59–112.33; 𝑝 = 0.002).

BDI-II scores were negatively associated with WASO.
Patients with lower BDI-II scores (higher total scores indicate
more severe depressive symptoms) had higher mean WASO
(95% CI: −2.25–−0.11; 𝑝 = 0.030). In addition, patients using
antidepressants had an additional 34minutes ofWASO and 8
additional awakenings as compared to patients who were not
using antidepressants (95% CI: 17.75–49.96; 𝑝 < 0.0001).

4. Discussion

In this sample of 36 patients undergoing daily dialysis and
37 patients undergoing conventional dialysis, no differences
were observed between the groups in terms of objective sleep
parameters. To the best of our knowledge, there are no avail-
able comparative studies employing objective parameters to
assess sleep in patients with this profile. To date, studies have
employed qualitative, nonparametric measures or overnight
polysomnography [8, 9, 12].

Previous studies have demonstrated that actigraphy is
sensitive to detecting sleep patterns associated with specific
sleep disorders as well as with other medical or neurobehav-
ioral disorders [13]. A high correlation has also been reported
between the gold standard polysomnography and actigraphic
estimates of total sleep time and sleep efficiency, with 88%
accuracy of actigraphy to distinguish sleep from wakefulness
[14].

The present study corroborates frequent reports from the
literature which describe poor sleep quality in hemodialysis
patients, as reflected in our sample by an overall mean NTST
of 5.8 hours. A systematic review of the literature has shown
high prevalence of sleep disturbances in ESRD patients on
conventional dialysis [15]. Bastos et al. have also reported
poor sleep quality (Pittsburgh SleepQuality Index≥ 6) in 75%
of conventional dialysis patients (𝑛 = 100) [16]. However, few
studies have addressed the impact of daily hemodialysis on
sleep parameters. Most studies have focused on conventional
dialysis, peritoneal dialysis, or nocturnal hemodialysis.

Elias et al. [3] have compared polysomnographic param-
eters in 15 patients on daily dialysis versus 15 patients on con-
ventional dialysis strictly regarding the presence of obstruc-
tive sleep apnea (OSA). The difference in OSA prevalence
between the groups reached only borderline significance
(33.3% for daily dialysis and 53.3% for conventional dialysis,
𝑝 = 0.08). That study did not compare variables such as
sleep efficiency, daytime sleepiness, naps, or total sleep time,
providing only evidence of associations between OSA and
both low dialysis dose and poor cardiovascular outcomes.

Another study has been recently performed to compare
the effect of daily and nocturnal dialysis versus conventional
dialysis on self-reported sleep quality [8]. A standardized
questionnaire was used (Medical Outcomes Study Sleep
Problems Index II) to evaluate sleep disturbances (scored
from 0 to 100, with higher value indicating poorer quality
of sleep). The authors did not find statistically significant
differences between the two dialysis modalities in terms of
sleep quality at 12 months.

Sabbatini et al. [17] investigatedwhether the technical and
therapeutic advancements of hemodialysis had any impact
on sleep disturbances in 694 patients. A (nonvalidated) ques-
tionnaire was used, in addition to clinical data obtained from
themedical chart, dialysis data, and lifestyle information.The
authors observed that 86% of patients presented some sleep
disturbance (nocturnal awakening in 92%, difficulty falling
asleep in 67%, and early waking in the morning in 62%);
insomnia was detected in 45%.That study also associated the
presence of insomnia with longer duration of dialysis (>12
months) in patients undergoing dialysis in the morning and
in those with high levels of parathyroid hormone.

Similarly, studies have demonstrated excessive daytime
sleepiness in chronic dialysis patients (about 30%) [18, 19].
In our sample, actigraphy also revealed increased daytime
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sleepiness. DTST was about 3 hours per day in both groups,
which could explain why patients take naps during dialysis
sessions. Nevertheless, this finding may be overestimated,
since actigraphy records body movements and the arm is
often at rest during dialysis sessions.

The findings of the present study regarding depressive
symptoms deserve special attention. In our sample, patients
with fewer depressive symptoms according to the BDI-II
had worse nocturnal sleep quality, represented by higher
WASO.This disagrees with the report by Trbojevic-Stankovic
et al. [20] who observed that individuals with depression
undergoing dialysis had significantly worse sleep quality
than nondepressed individuals. However, that study ana-
lyzed sleep quality (by the Pittsburgh Sleep Quality Index)
as a parametric variable, which is not methodologically
adequate. The fewer depressive symptoms detected in our
daily hemodialysis group [versus conventional hemodialysis
group] might be explained by the significantly higher use of
antidepressants in this group.

It is possible that sleep disturbances may be related to
other aspects beyond the renal/dialytic component. It is likely
that the etiology of sleep disorders in these patients has a
multifactorial nature [21]. Aspects linked to social and work
activities (which are restricted in individuals undergoing
dialysis), genetic and psychological factors, and lifestyle
habits may interfere with sleep [22, 23]. However, other
factors, which have not often been evaluated, may also be
related to sleep disorders in these patients, such as anemia,
levels of urea and uremic toxins in blood, cardiovascular
diseases, arterial hypertension, diabetes, advanced age, time
since the onset of dialysis, alcohol and tobacco abuse, and
depression. As previously mentioned in the literature, a
plausible cause might be the influence of biochemical param-
eters, such as hemoglobin, urea, and phosphorus levels [23].
In clinical practice, increased levels of phosphorus may be
associated with bone pain, pruritus, and, consequently, sleep
fragmentation.

Variations in urinary volume during sleep, associated
with reduced sodium, calcium, and potassium excretion,may
also be associated with sleep disorders, which are frequent in
ESRD [24]. In addition, it is known that ESRD is associated
with increased inflammation, which, according to some
authors, could also influence sleep quality in these individuals
[25].

Another important aspect in the evaluation of sleep in
chronic renal patients is related to the shift during which the
treatment is usually performed. Some studies have demon-
strated that morning dialysis is significantly associated with
worse sleep quality; it is possible that, beyond behavioral
factors that may disturb sleep, such as early waking in the
morning, metabolic factors may also affect the circadian
rhythm [17, 21, 25]. A better quality of sleep has been observed
after nocturnal dialysis [26]. Conversely, the patients in the
present study who underwent morning dialysis had less
nocturnal sleep and more daytime sleep as compared to
those undergoing dialysis in the afternoon or at night. One
hypothesis that could explain this finding is that the need to
wake up very early for treatment sessions affects total sleep
time, with an increase in the number of naps during the day.

Some methodological limitations of the present study
must be addressed. First, the older age of patients on daily
hemodialysis (59.3 years versus 47.5 years for participants on
conventional dialysis) may have counterbalanced the worse
biochemical parameters of patients on conventional dialysis,
despite the statistical adjustment. Nevertheless, Sabry et al.
[27] have identified high prevalence of sleep disorders in a
sample of relatively young patients. Also, the cross-sectional
design has limitations in and of itself; an observational study
comparing sleep parameters before and after the onset of
dialysis (daily and conventional) would allow assessment of
other variables along the study period and enable the estab-
lishment of individual baseline parameters. Finally, pain, an
important variable to be considered for the evaluation of sleep
quality, was not addressed in this study. Davison and Jhangri
have pointed out that, regardless of treatmentmodality, about
50% of dialysis patients experience pain and that those with
moderate or severe pain experience insomnia more than
those reporting mild or no pain do [28].

In summary, contrary to previous studies employing
qualitative methods, the present study using actigraphy
did not observe differences in sleep parameters between
patients undergoing daily or conventional dialysis. Addi-
tional research is necessary to elucidate factors that may
impair sleep in this population and promote better sleep
quality for patients undergoing any of the currently available
renal replacement modalities.
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References

[1] A. Gul, N. Aoun, and E. M. Trayner Jr., “Why do patients sleep
on dialysis?” Seminars in Dialysis, vol. 19, no. 2, pp. 152–157,
2006.

[2] S. C. W. Tang and K. N. Lai, “Sleep disturbances and sleep
apnea in patients on chronic peritoneal dialysis,” Journal of
Nephrology, vol. 22, no. 3, pp. 318–325, 2009.



6 International Journal of Nephrology

[3] R. M. Elias, C. T. Chan, and T. D. Bradley, “Altered sleep struc-
ture in patients with end-stage renal disease,” Sleep Medicine,
vol. 20, pp. 67–71, 2016.

[4] J. K. Leypoldt, A. K. Cheung, C. E. Carroll et al., “Effect of
dialysis membranes and middle molecule removal on chronic
hemodialysis patient survival,” American Journal of Kidney
Diseases, vol. 33, no. 2, pp. 349–355, 1999.

[5] F. Locatelli, A. Martin-Malo, T. Hannedouche et al., “Effect of
membrane permeability on survival of hemodialysis patients,”
Journal of the American Society of Nephrology, vol. 20, no. 3, pp.
645–654, 2009.

[6] J. R. DePalma, E. A. Pecker, and M. H. Maxwell, “A new
automatic coil dialyzer system for ’daily’ dialysis,” Hemodialysis
International, vol. 8, no. 1, pp. 19–23, 2004.

[7] B. L. Jaber, B. Schiller, J. M. Burkart et al., “Impact of short daily
hemodialysis on restless legs symptoms and sleep disturbances,”
Clinical Journal of the American Society of Nephrology, vol. 6, no.
5, pp. 1049–1056, 2011.

[8] R. M. Elias, M. C. M. Castro, E. L. De Queiroz, H. Abensur,
J. E. Romão-Junior, and G. Lorenzi-Filho, “Obstructive sleep
apnea in patients on conventional and short daily hemodialysis,”
American Journal of Nephrology, vol. 29, no. 6, pp. 493–500,
2009.

[9] M. L. Unruh, B. Larive, P. W. Eggers et al., “The effect of
frequent hemodialysis on self-reported sleep quality: Frequent
Hemodialysis Network Trials,” Nephrology Dialysis Transplan-
tation, vol. 31, no. 6, pp. 984–991, 2016.

[10] M. F. Folstein, S. E. Folstein, and P. R. McHugh, ““Mini mental
state”. A practical method for grading the cognitive state of
patients for the clinician,” Journal of Psychiatric Research, vol.
12, no. 3, pp. 189–198, 1975.

[11] C. Gorenstein, L. Andrade, A. H. Guerra Vieira Filho, T. C.
Tung, and R. Artes, “Psychometric properties of the portuguese
version of the Beck Depression Inventory on Brazilian college
students,” Journal of Clinical Psychology, vol. 55, no. 5, pp. 553–
562, 1999.

[12] M. Rai, T. Rustagi, S. Rustagi, and R. Kohli, “Depression, insom-
nia and sleep apnea in patients on maintenance hemodialysis,”
Indian Journal of Nephrology, vol. 21, no. 4, pp. 223–229, 2011.

[13] A. Sadeh, “The role and validity of actigraphy in sleepmedicine:
an update,” Sleep Medicine Reviews, vol. 15, no. 4, pp. 259–267,
2011.

[14] R. J. Cole, D. F. Kripke,W.Gruen, D. J.Mullaney, and J. C. Gillin,
“Automatic sleep/wake identification from wrist activity,” Sleep,
vol. 15, no. 5, pp. 461–469, 1992.

[15] N. T. Fonseca, J. J. Urbano, S. R. Nacif et al., “A systematic
review of sleep disorders in patients with chronic kidney disease
undergoing hemodialysis,” Journal of Physical Therapy Science,
vol. 28, no. 7, pp. 2164–2170, 2016.

[16] J. P. C. Bastos, R. B. De Sousa, L. A. D. M. Nepomuceno et al.,
“Sleep disturbances in patients on maintenance hemodialysis:
Role of dialysis shift,” Revista da Associacao Medica Brasileira,
vol. 53, no. 6, pp. 492–496, 2007.

[17] M. Sabbatini, B. Minale, A. Crispo et al., “Insomnia in mainte-
nance haemodialysis patients,” Nephrology Dialysis Transplan-
tation, vol. 17, no. 5, pp. 852–856, 2002.

[18] K. P. Parker, N. G. Kutner, D. L. Bliwise, J. L. Bailey, and D. B.
Rye, “Nocturnal sleep, daytime sleepiness, and quality of life
in stable patients on hemodialysis,” Health and Quality of Life
Outcomes, vol. 1, article no. 68, 2003.

[19] K. P. Parker, D. L. Bliwise, J. L. Bailey, and D. B. Rye, “Daytime
sleepiness in stable hemodialysis patients,” American Journal of
Kidney Diseases, vol. 41, no. 2, pp. 394–402, 2003.

[20] J. Trbojevic-Stankovic, B. Stojimirovic, Z. Bukumiric et al.,
“Depression and quality of sleep in maintenance hemodialysis
patients,” Srpski arhiv za celokupno lekarstvo, vol. 142, no. 7-8,
pp. 437–443, 2014.

[21] G. Merlino, A. Piani, P. Dolso et al., “Sleep disorders in patients
with end-stage renal disease undergoing dialysis therapy,”
Nephrology Dialysis Transplantation, vol. 21, no. 1, pp. 184–190,
2006.

[22] M. Novak, C. M. Shapiro, D. Mendelssohn, and I. Mucsi,
“Diagnosis and management of insomnia in dialysis patients,”
Seminars in Dialysis, vol. 19, no. 1, pp. 25–31, 2006.

[23] B. C. P. Koch, J. E. Nagtegaal, G. A. Kerkhof, and P. M. Ter Wee,
“Circadian sleep-wake rhythm disturbances in end-stage renal
disease,” Nature Reviews Nephrology, vol. 5, no. 7, pp. 407–416,
2009.

[24] L. R. Stow andM. L. Gumz, “The circadian clock in the kidney,”
Journal of the American Society of Nephrology, vol. 22, no. 4, pp.
598–604, 2011.

[25] A. N. Vgontzas, C. Tsigos, E. O. Bixler et al., “Chronic insomnia
and activity of the stress system: A preliminary study,” Journal
of Psychosomatic Research, vol. 45, no. 1, pp. 21–31, 1998.

[26] R. M. De Santo, M. Bartiromo, M. C. Cesare, N. G. De Santo,
and M. Cirillo, “Sleeping Disorders in Patients With End-Stage
Renal Disease and Chronic Kidney Disease,” Journal of Renal
Nutrition, vol. 16, no. 3, pp. 224–228, 2006.

[27] A. A. Sabry, H. Abo-Zenah, E. Wafa et al., “Sleep disorders in
hemodialysis patients,” Saudi Journal of Kidney Diseases and
Transplantation, vol. 21, no. 2, pp. 300–305, 2010.

[28] S. N. Davison and G. S. Jhangri, “The impact of chronic
pain on depression, sleep, and the desire to withdraw from
dialysis in hemodialysis patients,” Journal of Pain and Symptom
Management, vol. 30, no. 5, pp. 465–473, 2005.


