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Abstract

Introduction: Dialysis patients suffer from poor sleep dura-
tion and quality. We examined the self-reported sleep dura-
tion in patients randomized to either high-volume hemodi-
afiltration (HDF) or high flux hemodialysis (HD). Methods: Pa-
tients from 13 Brazilian dialysis clinics were enrolled in the
HDFIT randomized controlled trial (RCT) investigating the im-
pact of HDF on physical activity and self-reported outcomes.
Self-reported sleep duration was taken from patient diaries
recording sleep start and end time over a week during base-
line, months 3 and 6, respectively. Sleep duration was ana-
lyzed by shift and nights relative to dialysis. Results: The HD-
FIT study enrolled 197 patients; sleep data were available in
173 patients (87 HD; 86 HDF). Patients’ age was 53 + 15 years,
57% were white, 72% were male, 34% had diabetes, Kt/V was

1.54 + 0.40, and albumin 3.97 + 0.36 g/dL. Most patients re-
ported sleeping 510-530 min/night. At 3 months, HDF pa-
tients slept 513 + 71 min/night, HD patients 518 = 76 min/
night. At 6 months, HDF patients slept 532 + 74 min/night, HD
patients 519 = 80 min/night. At baseline, 1st shift patients
slept 406 + 86 min the night before HD, 534 + 64 min the night
after HD, and 496 + 99 min the night between 2 non-HD days.
Compared to patients in the 2nd and 3rd shifts, patients dia-
lyzed in the 1st shift slept less in the night before dialysis. Sim-
ilar patterns were seen after 3 and 6 months. Conclusion: In
our RCT, the dialysis modality (HDF vs. HD) had no effect on
self-reported sleep duration. In both groups, dialysis in the 1st
shift adversely affected self reported sleep duration.
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Introduction
End-stage kidney disease (ESKD) patients experience

a greater burden of disease from sleep disorders com-
pared to the general population [1-3] and chronic kidney
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disease (CKD) population who do not require renal re-
placement therapy [4-6]. One of the reasons as to why
ESKD patients experience higher rates sleep/wake disor-
ders could be attributed to the dialysis treatment itself [7].
Sleep disorders in CKD and ESKD patients include sleep
apnea, both central and obstructive sleep apnea (CSA and
OSA), restless leg syndrome, periodic limb movement
disorder, and insomnia [8-12]. Poor sleep and certain
sleep disorders such as sleep apnea, have also been linked
in the decline of renal function and progression of CKD
in both the healthy and CKD populations [13-16].

Outcomes that are adversely associated with sleep dis-
orders include quality of life, physical functioning, de-
pression, renal function, and survival [17, 18]. It has been
shown that dialysis patients who have better sleep experi-
ence improved quality of life and outcomes compared to
those who sleep poorly [4, 19, 20]. Sabbagh et al. [21]
found that patients who reported poor sleep exhibited
poor physical function after controlling for inflammation
and dialysis adequacy.

Factors associated with poor and disordered sleep in-
clude fluid overload, uremia, anemia, inflammation, and
etiology of renal disease [22, 23]. In a study by Tada et al.
[24], it was found that the dominant type of sleep apnea in
hemodialysis (HD) patients is OSA, and that circulating
blood urea nitrogen, creatinine, and serum bicarbonate are
predictors of OSA. Another study of sleep quality in HD
patients found that poor sleepers had higher serum phos-
phate, PTH, and lower hemoglobin levels compared to
good sleepers [10]. Chiu et al. [25] found that worsened
sleep is positively correlated with C-reactive protein and
Interleukin-1B levels, markers of inflammation, in a study
of HD patients.

Given the implications of poor sleep in the ESKD pop-
ulation, interventions to improve sleep have been studied.
Unruh et al. [26] reported that neither frequent in-center
HD nor nocturnal dialysis demonstrated significant im-
provements in self-reported sleep. Losso et al. [27] found
that fluid overload contributes to the pathogenesis of OSA
and CSA and that ultrafiltration attenuates sleep apnea.
When looking into different dialysis modalities, it was
found that patients on HD had a lower proportion of OSA
than those on CAPD and APD. Contrarily, Koch etal. 28]
found that conventional day time dialysis patients had the
worst sleep compared to nocturnal HD and APD patients.

High volume hemodiafiltration (HDF) is a kidney re-
placement therapy that is potentially associated with an
improvement in fluid status and solute clearance, among
other advantages compared to high-flux HD, which could
potentially improve disturbances in sleep [29, 30]. A
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cross-sectional study found that men receiving HDF had
less severe insomnia symptoms compared to those receiv-
ing HD [31]. Concrete conclusions were not reached re-
garding the effect of HDF due to the observational nature
of the study. We explored the effect of HDF on sleep using
data from a multi-center randomized controlled trial
(RCT) comparing HDF to high flux HD. We hypothe-
sized that patients treated with HDF would exhibit longer
self-reported sleep duration compared to those treated
with HD. Additionally, we attempted to elucidate factors
associated with self-reported sleep duration.

Materials and Methods

Setting and Study Design

Data from the Brazilian impact of HDF on physical activity
and self-reported outcomes (HDFIT) RCT (ClinicalTrials.gov
NCT02787161) were used in this posthoc analysis. The detailed RCT
methodology was published by Pecoits-Filho etal. [32]. In brief, HD-
FIT was a prospective, multicenter, unblinded RCT investigating the
impact of dialysis modality (HDF vs. HD) on several outcomes in-
cluding objectively measured physical activity and quality of life.
Clinically stable HD patients were recruited from outpatient dialysis
centers in the south and southeast regions of Brazil. Patients were
required to have been on HD for 3-24 months prior to randomiza-
tion. After signing informed consent, patients enrolled in a run-in
period of up to 4 weeks during which they received high-flux HD and
had baseline assessments for demographic, clinical, social, and self-
reported sleep duration parameters. Patients who successfully com-
pleted the run-in period were randomized in a 1:1 ratio, stratified by
study site and dialysis shift, to either high volume online HDF or
continued high-flux HD for a 6-month period. Baseline laboratory
samples were taken at the randomization visit. Two study visits were
scheduled 3 and 6 months after randomization, where similar assess-
ments as those done during the baseline period were performed.

Ethical Approval

Prior to study commencement, the protocol, informed consent
form, and study documents were approved by Pontificia Univer-
sidade Catolica do Parana ethics review board (central application
# 54926916.7.1001.0020; approval number 1.538.784). The trial
was performed in accordance with the Declaration of Helsinki.

Self-Reported Sleep Duration

As a part of the study, patients were asked to record the time
they went to bed and the time they got out of bed for each respec-
tive night during the week of data collection; these data were used
to compute self-reported sleep duration. Daytime sleep, for ex-
ample, napping, was not recorded.

Dialysis Shift

Participating dialysis clinics performed HD/HDF treatments
in 3 shifts, the 1st approximately from 6 to 10 a.m., the 2nd from
10 a.m. to 2 p.m., and the 3rd after 2 p.m. Dialysis start and end
times were reported by patients via diary; the distribution of di-
alysis start times was verified before analysis of dialysis shift.
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Table 1. Descriptive statistics of HDFIT cohort with sleep data at baseline

HD HDF Total p value
(n=287) (n=86) (n=173)
Shift, n (%) 0.869
First 30 (34) 28 (33) 58 (33)
Second 31(36) 34 (39) 65 (38)
Third 26 (30) 24 (28) 50 (29)
Age, years, mean (SD) 53 (14) 52 (16) 53 (15) 0.619
Gender, 1 (%) 0.426
Male 60 (69) 64 (74) 124 (72)
Race, 1 (%) 0.141
Other 42 (48) 32(37) 74 (43)
White 45 (52) 54 (63) 99 (57)
Family income, minimum wage, 7 (%) 0.436
<2x 20 (23) 13 (15) 33(19)
2-4x 34 (39) 44 (51) 78 (45)
4-10x% 26 (30) 25 (29) 51 (29)
10-20x 6(7) 3(3) 9 (5)
>20% 1(1) 1(1) 2 (1)
Higher education, #n (%) 0.730
Some college or higher 18 (21) 16 (19) 34 (20)
Distance from the clinic, km, 7 (%) 0.610
>25 22 (26) 19 (22) 41 (24)
Between 13 and 25 19 (22) 24 (28) 43 (25)
Between 7 and 13 20 (23) 23 (27) 43 (25)
<7 25 (29) 19 (22) 44 (26)
Hemoglobin, g/dL, mean (SD) 11.05 (1.71) 11.24 (1.63) 11.14 (1.67) 0.467
Albumin, g/dL, mean (SD) 3.98 (0.37) 3.96 (0.34) 3.97 (0.36) 0.746
Creatinine, mg/dL, mean (SD) 9.28 (3.21) 9.39 (3.00) 9.34 (3.10) 0.824
Kt/V, mean (SD) 1.49 (0.41) 1.59 (0.39) 1.54 (0.40) 0.104
BMI, kg/mz, mean (SD) 27.5(5.2) 25.8 (4.3) 26.6 (4.9) 0.026
Diabetes, n (%) 34(39.1) 25(29.1) 59 (34.1) 0.165

HD, hemodialysis; HDF, hemodiafiltration; BMI, body mass index.

Categorization of Nights Relative to Dialysis Treatment

We categorized the nights during the study period as the
night before HD/HDF, after HD/HDF, and between 2 non-HD
days (the latter is commonly known as “long interdialytic inter-
val”).

Statistical Analysis

Data were assessed for normality. Continuous variables are
summarized as means and SD or medians and interquartile ranges.
Categorical variables are reported as counts and proportions.
When appropriate, Student ¢ tests or Mann-Whitney rank-sum U
tests were used. Linear mixed effect models were constructed for
the analysis of the treatment effect of HDF vs. HD on mean self-
reported sleep time duration, allowing random intercept and
slopes. Subgroup analyses based on nights in reference to dialysis
day and shifts were carried out. For analysis of the determinants of
self-reported sleep time duration at baseline, linear mixed effect
models were built to account for repeated measurements. For this
model, the predictors were explored based on a set of variables de-
termined a priori, which included diabetes as comorbidity, mode
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of transportation to dialysis clinic categorized as the use of public
transportation, shift and nights in reference to dialysis day. Inter-
action terms between shifts and day-type were allowed in order to
address the hypothesis of effect modification of night type effect
by shift. All analyses were performed in R software version 3.5.1.

Results

Patient Characteristics

The HDFIT study enrolled 197 patients, and sleep data
were available in 173 patients (87 HD; 86 HDF). Patients’
age was 53 + 15 years, 34% had diabetes, 72% were males,
57% were whites, 20% had higher education (some col-
lege or greater), 24% lived >25 km from the clinic, and
19% had an annual family income of less than twice the
minimum wage (Table 1).

Han et al.



Table 2. Self-reported sleep duration (mean + SD; in minutes) per
dialysis modality and shift

Baseline 3-month 6-month
HD vs. HDF
All, n 173 171 163
Duration 512471 515473 525+77
HD, n 87 83 79
Duration 514469 518+76 519+80
HDF, n 86 88 84
Duration 511+73 513+71 532474
A (HD - HDF) 3 5 -13
Dialysis shift

Shift 1, n 58 60 55
Duration 468+52 475470 481466
Shift 2, n 65 63 60
Duration 531174 540+64 546+75
A (shift 1 - shift 2) —62* —-64* -65*
Shift 3, n 50 48 48
Duration 539+63 534+69 550+71
A (shift 1 - shift 3) -70* —-58* -69%*
A (shift 2 - shift 3) -8 6 -4
* p <0.001.

HD, hemodialysis; HDF, hemodiafiltration.

Shift and Self-Reported Sleep Duration

On average, patients on the 1st shift reported sleep-
ing significantly less than those on shifts 2 or 3 (Table
2). This significant shorter self-reported sleep duration
is most pronounced during the night before HD/HDF
(Fig. 1). Patients on the 1st shift also reported more
variability in sleep duration with ranges from 400 to
600 min during the nights free of HD/HDF. The pat-
terns of average self-reported sleep duration on the dif-
ferent shifts and nights in relation to dialysis during the
baseline period is presented in Figure 2. Patterns ob-
served at 3 and 6 months were very similar (data not
shown).

At baseline a linear mixed model, which considered
the interaction between shift and nights, was constructed
to delineate the effect of shift on the effect of night type;
the night before HD for the 1st shift patients was used as
reference. During nights between 2 non-HD days, 1st
shift patients reported sleeping on average 88 min more
than on nights before HD, and during the night after HD
Ist shift patients reported sleeping on average 122 min
more than on nights before HD. During the night free of
HD, shift 2 patients reported sleeping on average 41 min
longer than on nights before HD, and on the night after
HD, they reported sleeping on average 29 min longer

HDF and Self-Report Sleep Duration

than the night before HD. Shift 3 patients reported sleep-
ing 12 min less on the night between 2 non-HD days and
10 min less on the night after HD compared to the night
before HD. The p value based on the likelihood ratio test
in nested models for the interaction between day-type
and shift was <0.0001.

Association between Self-Reported Sleep Time and

HDF

On average, most patients reported sleeping 510-530
min per night. Self-reported sleep duration did not differ
significantly between the HD and HDF groups during
baseline, 3-month or 6-month follow-up (Table 2). In the
HDF group, there was a slight, non-significant increase in
self-reported sleep duration at 6 months (Fig. 3).

Effect of HDF treatment on Self-Reported Sleep

Duration

On average, patients reported sleeping the most on the
nights after HD/HDF and the least on the nights before
the HD/HDF treatment (Fig. 4). After examining the ef-
fect sizes of HD vs. HDF during all nights, nights after
HD/HDF, nights before HD/HDF, and nights free HD/
HDF, we found that there was no significant effect of the
HD/HDF treatment on the average self-reported sleep
duration (Fig. 5).

Discussion/Conclusion

The HDFIT RCT afforded the opportunity to research
the effects of dialytic modality on self-reported sleep du-
ration. Our results revealed several important findings.
First, dialysis modality did not affect self-reported sleep
duration. Second, patients in the Ist shift slept signifi-
cantly less during the night before HD/HDF compared to
2nd and 3rd shift patients. Third, patients in the 1st shift
experienced the greatest variability in self-reported sleep
duration on nights before HD versus nights after HD and
free of HD.

It is interesting to note that the self-reported sleep du-
ration in our patients was >100 min higher than previ-
ously reports in ESKD patients (range from 340 to
370 min/night) that were determined using other instru-
ments such polysomnography and wrist-based activity
trackers [5, 19, 33-35]. This observation raises the ques-
tion whether self-reported sleep time may systematically
over-estimate sleeping time. However, the patients in our
study were trained to document the time when they went
to bed and when they got up. The time between going to

Blood Purif 2020;49:168-177 171
DOI: 10.1159/000504242
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Fig. 1. Density plot of mean self-reported sleep duration (in minutes) across shifts 1-3 of (a) all days, (b) night after HD, (c) night before
HD, and (d) night free HD. First shift = 6-10 a.m.; second shift = 10 a.m. to 2 p.m.; Third shift: after 2 p.m. Night free HD is the night

between 2 non-HD days. HD, hemodialysis.

bed and falling asleep, the so-called sleep latency time, has
been reported to be on average 50 min in HD patients
[10]. In addition to the instruments used to measure
sleeping time, population, geographical, and cultural dif-
ferences may play a role too. While sleep duration, self-
reported or objectively measured, has not been previous-
ly reported in Brazilian ESKD population, it has been re-
ported in a study of 1,621 HD patients of the Brazilian
Unified Health System that over a fifth of Brazilian HD
patients surveyed had trouble falling asleep most of the
time [36]. We have no reasons to believe that dialysis mo-
dality may have impacted the patients’ documentation
accuracy or precision.

172 Blood Purif 2020;49:168-177
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The effect of shift on sleep duration and quality has
been studied previously, although the conclusions are
not consistent across studies. A small cross-sectional
study in Pakistani HD patients found that shift did not
have a major effect on sleep scores measured by Pitts-
burgh Sleep Quality Index [2]. A larger study in 100 HD
patients came to the same conclusion that poor sleep
(Pittsburgh Sleep Quality Index >6), restless leg syn-
drome, and EDS were not associated with dialysis shift
[8]. When measuring sleep quantity and quality with ac-
tigraphy, Barmar et al. [37] found that being on an early
morning dialysis shift was associated with a shorter total
sleep duration and greater nightly total sleep time varia-

Han et al.
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Fig. 3. Self-reported sleep duration (in minutes) of HD and HDF
groups at the baseline, 3-month, and 6-month. HD, hemodialysis;
HDF, hemodiafiltration.

tion. A larger study in 200 HD patients found that sleep
questionnaire scores were associated with receiving di-
alysis during the last shift of the day [10]. While there are
differing results across these studies, it is observed that
when using objective measures of sleep such as actigra-
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more than the optimal amount of sleep, which is any-
where from 7 to 8 h [38, 39]. In fact, a study done in 3
communities in China found that sleep duration <6 h/
day and >10 h/day tended to be associated with an in-
creased risk of renal hyperfiltration in middle-aged gen-
eral population. Another study by Yamamoto et al. [40]
found that shorter (<5 h) and longer (>8 h) sleep dura-
tion and poor sleep quality were associated with the in-
cidence of ESKD in CKD patients. The average amount
of sleep observed in our population is greater than the
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Fig. 4. Self-reported sleep duration (in
minutes) of night before HD/HDF, night
after HD/HDF, and night free HD/HDF
(night between 2 non-treatment days) at
the baseline, 3-month, and 6-month. The
dashed lines denote HDF treatment group
and solid lines denote HD treatment group.
Night free HD is the night between 2 non-
HD days. HD, hemodialysis; HDF, hemo-
diafiltration.

Fig. 5. Forest plots of effect sizes of HDF vs.
HD. Four categories are shown: overall (all
nights), night after dialysis treatment, night
before dialysis treatment, and night be-
tween 2 non-treatment days. Circle and
square denote the effect size at 3 and
6 months respectively; a diamond denotes
the total treatment effect. HD, hemodialy-
sis; HDF, hemodiafiltration.
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recommended amount for older adults, which is any-
where from 7 to 8 h per evening.

To the best of our knowledge, this is the first study
of the effect of HDF on self-reported sleep duration in
an RCT. It has been previously speculated that HDF
would have an ameliorating effect on the negative
symptoms, such as insomnia, associated with ESKD.
Although we did not see a difference across the 2
groups, we did see a non-significant increase in self-
reported sleep time in the HDF group at the 6-month
follow-up compared to the baseline and 3-month peri-
ods. Importantly, based on the concept that HDF pro-
vides a very different approach to solute removal with
the introduction of the convection component, the lack
of differences in self-reported sleep duration between
dialysis modalities adds value to the safety profile of
HDF.

This study has many strengths, most prominently be-
ing a multicenter RCT representative of in-center dialy-
sis patients in the first 2 years of renal replacement ther-
apy who are adherent to treatment. However, there are
a few limitations. First, the measure of sleep is not an
objective measure, but instead a subjective one. Second,
we only measured the “main” sleep phase, the daily noc-
turnal sleep. We did not collect information on any naps
the patient may have taken either during the dialysis
treatment or after they returned home from their treat-
ment. Last, we only captured details of self-reported
sleep duration, but did not capture parameters of sleep
quality.

In conclusion, we describe for the first time equiva-
lent self-reported sleep duration in patients treated with
high-flux HD and HDF. Patients in the st shift reported
sleeping significantly less the pre-dialysis night com-
pared to those in later shifts. Furthermore, 1st shift pa-
tients also experienced the greatest differences in self-
reported sleep duration between the nights before HD
versus after HD and between 2 non-HD days. Opera-
tional factors, particularly the time of dialysis initiation,
rather than demographic, clinical or biochemical charac-
teristics have a major impact on self-reported sleep dura-
tion. Investigation of how to best mitigate these opera-
tional limitations on sleep duration should be further in-
vestigated to improve sleep in ESKD patients requiring
in-center dialysis.

Statement of Ethics

Please see “Ethical Approvals”.
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