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Abstract
Purpose Physical inactivity and sleep disturbance are frequently observed and relate to poor clinical outcomes in mainte-
nance hemodialysis patients. We aimed to investigate the effect of intradialytic exercise on daily physical activity and sleep 
quality, measured by an accelerometer, in maintenance hemodialysis patients.
Methods This study randomly assigned ambulatory maintenance hemodialysis patients aged ≥ 20 years on dialy-
sis ≥ 6 months, without a hospitalization history for the previous 3 months to 4 groups: aerobic exercise (AE), resistance 
exercise (RE), combination exercise (CE), and control. A stationary bike was used for AE and a  TheraBand®/theraball for RE. 
A 12-week intradialytic exercise program (3 times/week) was completed in the AE (n = 11), RE (n = 10), and CE (n = 12) 
groups. The control group (n = 13) received only warm-up stretching. At baseline and 12-week follow-up, daily physical 
activity and sleep quality were measured with a triaxial accelerometer (wActiSleep-BT; ActiGraph, Pensacola, FL) during 
a continuous 7-day wear period.
Results We observed a significant increase in metabolic equivalent (MET; kcal/h/kg) in the AE (1.02 ± 0.03 vs 1.04 ± 0.04, 
P = 0.04) and CE (1.06 ± 0.05 vs 1.09 ± 0.08, P = 0.01) groups at 12 weeks compared with baseline. When comparing 
between-group changes in MET, there was a significant increase in METs in the CE group (0.03 ± 0.03 vs − 0.01 ± 0.04, 
P = 0.02) compared with the control group. The total number of sedentary bouts (per week) decreased significantly in the AE 
(200 ± 37 vs 174 ± 36, P = 0.01), RE (180 ± 31 vs 130 ± 49, P = 0.03), and CE groups (180 ± 45 vs 152 ± 46, P = 0.04) 
at 12 weeks compared with baseline. The average sleep fragmentation index, indicating poor sleep quality, decreased sig-
nificantly at 12 weeks compared with baseline in the AE (51.4 ± 8.0 vs 44.5 ± 9.6, P = 0.03) and RE groups (52.3 ± 7.3 vs 
40.0 ± 15.4, P = 0.01).
Conclusions Intradialytic exercise appears to be clinically beneficial in improving daily physical activity and sleep quality 
in maintenance hemodialysis patients.
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Introduction

It is well established that maintenance hemodialysis (MHD) 
patients have very low levels of daily physical activity 
(DPA), even when compared with sedentary individuals 
without renal failure [1, 2]. In MHD patients, three main 
factors contribute to low levels of DPA: renal failure itself 
(with its associated malaise), side effects of hemodialysis 
(HD) therapy, and worsening comorbidities [3]. Physical 
inactivity is therefore regarded as a major factor leading to 
impaired physical condition, reduced exercise capacity, and 
ultimately muscle wasting [4]. Previous studies reported that 
lack of DPA is associated with an increased risk of mortality 
and poor quality of life (QOL) among MHD patients [5–7]. 
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Although strategies to increase DPA in this population began 
to receive attention recently, they remain a neglected aspect 
of dialysis care.

Poor sleep quality (SQ) is also common among MHD 
patients [8]. The high prevalence of potential sleep disorders 
such as sleep apnea and restless legs syndrome (RLS)/peri-
odic limb movement disorder (PLMD) in MHD population 
is one major factor which contributes to the poor SQ of these 
patients [9]. The main determinants of sleep disorders in 
MHD patients are not well understood, and previous studies 
demonstrated several potential intrinsic and environmental 
causes [10–14]. These sleep problems directly contribute to 
poor QOL in MHD patients, which further deteriorates their 
health status [15].

It has been shown that exercise training improves physical 
function, physical performance, nutritional status, cardio-
vascular function, HD efficiency, QOL, and SQ in MHD 
patients [16–19]. Intradialytic exercise (IDE), performed 
only during the HD treatment, is one of the promising 
choices for MHD patients, as it can be conducted in a setting 
with close monitoring, does not involve additional time or 
travel, and may alleviate a patient’s fear of musculoskeletal 
injury, which may improve adherence and supervision rela-
tive to exercise on non-dialysis days [17, 20]. In general, 
exercise can be classified into the following categories: (1) 
aerobic exercise (AE), or exercise that is rhythmic, continu-
ous, uses large muscle groups, and is generally prescribed to 
improve endurance; (2) resistance exercise (RE), or strength 
training, known to increase muscle size and strength; and (3) 
combination exercise (CE), a combination of AE and RE 
[16]. Each training program has specific fitness and health 
goals. It is well known that AE is the best option in terms 
of improving cardiopulmonary fitness (muscle mass of the 
legs can improve as well), whereas RE is superior compared 
to the other forms of exercise in terms of improving muscle 
mass, strength, and power. Therefore, additional positive 
effects are expected by combining AE and RE. Although 
exercise participation could lead to greater benefits among 
MHD patients than the general population, it is possible 
that dialysis patients may also incur greater risk because of 
underlying heart or musculoskeletal disease. Despite numer-
ous published studies, primarily uncontrolled and/or with 
small patient samples, the “best” exercise program for MHD 
patients has not been determined [17, 21, 22].

Thus, the objective of our study was to examine the effect 
of IDE, using a commercially available, objective acceler-
ometer, in MHD patients. The primary aim was to compare 
the differences between each of three intervention arms (AE, 
RE, and CE) and the control arm in changes from baseline 
to 12 weeks in DPA and SQ parameters (between-group dif-
ferences). A secondary aim was to investigate the changes 
within each arm (within-group changes).

Methods

Participants

Fifty-seven MHD patients (mean age 57 years; 26 men) 
who met the inclusion criteria between December 2014 and 
March 2015 were recruited (Fig. 1). Inclusion criteria for 
participants were as follows: (1) age ≥ 20 years; (2) MHD 
vintage ≥ 6 months; (3) MHD treatment, thrice weekly; (4) 
no hospitalizations during the previous 3 months, except 
for vascular access repair; (5) no amputations or prostheses 
in upper and lower extremities; (6) cognitive capacity suf-
ficient for communication; (7) able to ambulate and wear the 
physical activity monitor for 7 days; and (8) good compli-
ance with the study protocol. Exclusion criteria included the 
following: (1) any acute infectious or other inflammatory ill-
nesses; (2) current malignancy except basal cell carcinoma; 
(3) acute myocardial infarction or unstable angina within the 
past 12 months; (4) current heart or lung failure or severe 
liver disease; (5) severe uncontrolled diabetes; (6) severe 
retinal diseases, such as proliferative diabetic retinopathy 
and vitreous hemorrhage; and (7) orthopedic disorders exac-
erbated by activity. This study was approved by the institu-
tional review board, and all participants provided written 
informed consent.

Study design

This 12-week study was a randomized parallel design inves-
tigating the effects of different exercise regimes on changes 
in DPA and SQ. Participants were randomized to four dif-
ferent groups as they were recruited by the researcher (using 
a block randomization scheme and sealed envelopes). The 
AE group performed 30 min of intradialytic AE thrice a 
week, which consisted of stationary cycling; the RE group 
completed the programmed session of intradialytic RE thrice 
a week using elastic resistive bands and soft weights; the 
CE group performed both intradialytic AE and RE thrice a 
week; and the control group performed no IDE but received 
warm-up stretches only. The warm-up stretches included the 
following: (1) neck stretch; (2) arm/hand stretch; (3) shoul-
der shrug and rotation; (4) chest and upper back stretch; 
(5) side stretch; (6) single knee pull; (7) leg stretch; and (8) 
calf stretch. Allocation was concealed at the time of par-
ticipant consent; however, participants and the researcher 
were made aware of their group at the commencement of the 
intervention. Due to the nature of the intervention, blinding 
of intervention groups to the researcher and dialysis patients 
was not possible.

At baseline, participant demographic characteristics, 
height, and weight were collected and body mass index was 
calculated. Each participant’s comorbid status was analyzed 
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on the basis of the Charlson comorbidity index, using the 
original scoring system [23]. A 7-point scale subjective 
global assessment scoring method was used to assess nutri-
tional status among participants [24]. The Beck Depression 
Inventory-II (BDI-II) and Beck Anxiety Inventory (BAI) 
were also used to identify the prevalence of depression 
(defined as a BDI-II score ≥ 14) and anxiety (defined as a 
BAI score ≥ 8) in each participant [25, 26].

All participants underwent blood and serum measure-
ments, as described in Table 1. Blood was obtained imme-
diately before a routine midweek HD. Blood tests results 
were values obtained monthly and averaged over the last 
3 months.

The wActiSleep-BT accelerometer (ActiGraph, Pensa-
cola, FL) was used as an objective method for monitoring 
physical activity and sleep status. At baseline and again at 
12 weeks post-intervention, participants were instructed to 
wear the accelerometer on a belt in the mid-axillary line 
above their non-dominant hip for 7 complete days (3 HD 
and 4 non-HD days), including while sleeping, except dur-
ing water activities (e.g., bathing, swimming, showering).

Exercise interventions

The exercise program consisted of a 5-min warm-up, AE 
for maximum of 30 min or programmed RE, and a 5-min 
cool down period within the first 2 h of each HD session 
over 12 weeks. AE participants performed recumbent sta-
tionary cycling (SP-2100R; SUNGDO MC, South Korea) 
at an intensity of 11–13 out of 20 at the rate of perceived 
exertion (RPE) on Borg’s 15-point scale, so that the inten-
sity involved 60–70% of an individual’s maximal capac-
ity, a level at which cardiovascular health can be increased 
[27]. The speed, load, and duration were gradually increased 
with change in mode (automatic and passive). According to 
patients’ performance, training loads were adjusted. The RE 
program consisted of seven exercises, involving muscles of 
both the lower (quadriceps femoris, vastus lateralis, adductor 
magnus, and biceps femoris) and upper body (biceps bra-
chialis, triceps brachialis, and deltoid muscles). All the exer-
cises were performed in a supine or a sitting position, using 
 TheraBand® colored elastic resistive bands and soft weights 
(The Hygenic Corporation, Akron, OH). When participants 

Fig. 1  Participant flowchart. AE aerobic exercise, RE resistance exercise, CE combination exercise
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could perform three sets of 10–15 repetitions (RPE 13–15) 
for each exercise, the exercises were made progressively 
harder using different color-graded elastic bands and soft 
weights. Participants were encouraged to perform each exer-
cise to optimize movement speed and muscle power. The 
CE group performed both the intradialytic AE and RE men-
tioned above. The intensity of both the AE and RE programs 
remained constant during the 12 weeks of the intervention.

Accelerometer data processing

The small (46 × 33 × 15 mm) lightweight (19 g) triaxial 
accelerometer measures accelerations in three individual 
axes (vertical, horizontal and perpendicular), has a dynamic 
range of ± 8 units of gravity, and determines posture (sitting 
or lying, standing and stepping) based on acceleration infor-
mation. The accelerometer was set to record at a frequency 
of 30 Hz (i.e., collect acceleration data 30 times per second 
in each axis). ActiLife desktop analysis software version 
6.13.2 was used to download these data from the acceler-
ometer, and to convert acceleration data into 3 axes (counts 
per minute, cpm) and vector magnitude (VM) activity counts 
(square root of the sum of squares of cpm from all 3 axes) at 

epoch lengths of 60 s with the low-frequency extension set-
ting. Wear time (the time that the accelerometer was worn) 
was validated using the NHANES wear time algorithm prior 
to scoring; segments calculated as non-wear segments were 
removed [28].

Data were scored via the ActiLife software using the 
default algorithms to derive the following DPA parameters: 
metabolic equivalent of task (MET, kcal/h/kg; as an index 
of the intensity of activities), the number of occurrences of a 
bout (counts per week), the total time spent in the bouts (min 
per week), sedentary bouts (counts per week), daily average 
of sedentary bouts (min), and the percentage of time spent in 
moderate to vigorous physical activity (MVPA). The bouts 
were defined as 10 or more consecutive minutes above the 
relevant threshold of 1952 cpm on the vertical axis, with 
allowance for interruptions of 1–2 min below threshold. Sed-
entary bouts were defined as a minimum of 10 consecutive 
minutes below the cut point of 100 cpm (the vertical axis) 
without tolerance. The time spent in MVPA was determined 
by VM cpm ≥ 2690 [29]. Physical activity energy expendi-
ture (PAEE, kcal/day) was also estimated using the predic-
tion algorithm labeled the “Freedson Combination (1998)” 
equation in the ActiLife software.

Table 1  Baseline characteristics 
of all participants (n = 46)

Values are given as mean ± SD or number (percentage), unless stated otherwise
AE aerobic exercise, RE resistance exercise, CE combination exercise, DM diabetes mellitus, BMI body 
mass index, SGA subjective global assessment, spKt/V single pool Kt/V, TSAT transferrin saturation, CRP 
C-reactive protein, iPTH intact parathyroid hormone

AE (n = 11) RE (n = 10) CE (n = 12) Control (n = 13) P

Age (years) 55.2 ± 11.9 52.9 ± 8.8 50.0 ± 14.3 59.4 ± 10.8 0.25
Gender (male/female) 2/9 6/4 8/4 7/6 0.10
DM 7 (63.6) 4 (40.0) 3 (25.0) 6 (46.2) 0.31
Weight (kg) 66.7 ± 5.3 61.0 ± 3.6 64.4 ± 2.7 66.2 ± 4.1 0.94
BMI (kg/m2) 26.0 ± 1.4 22.8 ± 1.2 23.5 ± 0.8 25.4 ± 1.3 0.32
Dialysis vintage (months) 54.8 ± 96.4 47.6 ± 79.2 87.8 ± 70.5 61.4 ± 36.5 0.04
Charlson comorbidity index 6.0 ± 2.5 5.2 ± 2.5 4.3 ± 2.6 5.5 ± 2.1 0.47
SGA score 6.0 ± 0.9 6.1 ± 1.3 6.1 ± 0.9 5.9 ± 1.0 0.79
Depression 4 (36.4) 1 (10.0) 7 (58.3) 8 (61.5) 0.06
Anxiety 1 (9.1) 0 (0.0) 4 (33.3) 4 (30.8) 0.13
spKt/V 1.5 ± 0.2 1.8 ± 0.8 1.5 ± 0.4 1.4 ± 0.1 0.35
Hemoglobin (g/dl) 10.8 ± 0.4 10.8 ± 0.5 11.2 ± 0.3 11.2 ± 1.1 0.14
Serum ferritin (ng/ml) 177 ± 90 87 ± 51 171 ± 159 116 ± 124 0.09
TSAT (%) 31.0 ± 7.3 35.7 ± 14.9 26.9 ± 14.8 26.9 ± 11.9 0.12
Serum albumin (g/dl) 3.7 ± 0.3 3.7 ± 0.2 3.7 ± 0.3 3.8 ± 0.3 0.60
Serum CRP (mg/dl) 0.4 ± 0.4 0.3 ± 0.2 0.2 ± 0.2 0.9 ± 1.8 0.65
Serum creatinine (mg/dl) 9.1 ± 1.9 9.1 ± 2.9 11.3 ± 2.6 10.8 ± 1.5 0.06
Serum potassium (mmol/l) 5.1 ± 0.6 5.1 ± 0.5 5.1 ± 0.6 5.2 ± 0.5 0.90
Serum bicarbonate (mmol/l) 23.8 ± 1.6 24.0 ± 2.1 23.4 ± 2.0 22.7 ± 2.2 0.55
Serum calcium (mg/dl) 8.6 ± 0.4 8.5 ± 0.7 8.4 ± 0.6 8.6 ± 0.8 0.87
Serum phosphorus (mg/dl) 5.4 ± 1.1 5.0 ± 1.0 5.4 ± 1.6 5.5 ± 1.0 0.79
Serum iPTH (pg/ml) 352 ± 228 364 ± 264 438 ± 376 277 ± 169 0.76
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Accelerometer sleep recordings were analyzed with the 
ActiLife using the Cole–Kripke sleep scoring algorithm 
[30]. The following SQ parameters were examined in this 
study: total sleep time (TST), defined as the number of min-
utes scored as sleep between lights off and lights on; wake 
after sleep onset (WASO), the number of minutes scored as 
wake after sleep onset; sleep efficiency (SE, %), 100 times 
the ratio between TST and total time spent in bed; and sleep 
fragmentation, an index of restlessness during the sleep 
period expressed as a percentage. The higher the index, the 
more sleep is disrupted. The ActiLife calculated three values 
for sleep fragmentation: movement index (MI), the percent-
age of epochs with vertical axis counts greater than zero in 
the sleep period; fragmentation index (FI), the percentage 
of 1-min periods of sleep versus all periods of sleep during 
the sleep period; and sleep fragmentation index (SFI), the 
sum of the MI and the FI.

Statistical analyses

The results are presented as mean ± SD or number (per-
centage). Statistical significance was estimated using a Pear-
son’s Chi-square test for categorical variables and a one-way 
analysis of variance (ANOVA) test for continuous variables. 
The ANOVA tests were used to compare groups on change 
scores (follow-up score minus baseline score) of DPA and 
SQ parameters. If the ANOVA test (as an overall test) indi-
cated significance, the Bonferroni test was used as a post hoc 
testing. Paired t-tests compared within-group changes from 
baseline to 12 weeks. Statistical significance was defined as 
P < 0.05. Statistical analyses were performed using IBM 
SPSS Statistics, version 23 (IBM Corp., Armonk, NY). 
A post hoc power analysis was conducted using G*Power 
3.1.9.2 software (Universität Kiel, Germany) to see whether 
the number of patients was sufficient to detect differences 
between groups [31].

Results

Fifty-seven participants were randomized into the AE 
(n = 15), RE (n = 14), CE (n = 15), and control (n = 13) 
groups. Finally, 46 participants (AE, n = 11; RE, n = 10; 
CE, n = 12; control, n = 13) completed the 12-week study, 
resulting in a 19% attrition rate (Fig. 1). There were no 
reported adverse events, such as musculoskeletal injuries, 
hypoglycemic episodes, cardiovascular events, or hospi-
talizations, as result of the intervention. The 46 participants 
were 55 ± 12 years of age, on MHD for 64 ± 72 months, 
50% female, and 44% diabetic. The baseline characteristics 
of participants in the four intervention groups are shown in 
Table 1. These groups had similar characteristics except for 
dialysis vintage.

Tables 2 and 3 show between- and within-group com-
parisons in both DPA and sleep-related parameters after the 
12-week intervention.

In the primary analysis (between-group differences), 
when comparing between-group changes to MET (kcal/h/
kg), there was a significant increase in the CE group 
(0.03 ± 0.03 vs − 0.01 ± 0.04, P = 0.02) compared to the 
control group. Compared with control group, the 12-week 
IDE group interventions (AE, RE, or CE) showed no sig-
nificant effect on DPA and SQ values, except for METs. 
The post hoc power analysis revealed that at least 152 sub-
jects per groups (a total of 610) would have been needed to 
detect much more significant differences between interven-
tion groups.

In the secondary analysis (within-group changes), we 
observed a significant MET increase in the AE (1.02 ± 0.03 
vs 1.04 ± 0.04, P = 0.04) and CE groups (1.06 ± 0.05 vs 
1.09 ± 0.08, P = 0.01) at 12 weeks compared with baseline. 
The total number of bouts (per week) increased significantly 
in the CE group (2 ± 3 vs 3 ± 5, P = 0.04) at 12 weeks com-
pared with baseline. The total number of sedentary bouts 
(per week) decreased significantly in the AE (200 ± 37 vs 
174 ± 36, P = 0.01), RE (180 ± 31 vs 130 ± 49, P = 0.03), 
and CE groups (180  ±  45 vs 152  ±  46, P  =  0.04) at 
12 weeks compared with baseline. The daily average of 
sedentary bouts (min) also decreased significantly in the 
AE (694 ± 159 vs 575 ± 158, P = 0.003), RE (617 ± 118 
vs 434 ± 139, P = 0.009), and CE groups (623 ± 112 vs 
512 ± 123, P = 0.003) at 12 weeks compared with baseline. 
The percentage of time spent in MVPA increased signifi-
cantly in the CE group (2.3 ± 1.7 vs 3.5 ± 2.9, P = 0.03) 
at 12 weeks compared with baseline. Sleep data analysis 
showed the average MI (%) decreased significantly in the 
AE (39.5 ± 5.9 vs 31.3 ± 9.4, P = 0.006), RE (39.3 ± 6.4 
vs 28.2 ± 10.2, P = 0.001), and CE groups (38.8 ± 9.0 vs 
29.6 ± 9.1, P = 0.02) at 12 weeks compared with baseline. 
The average FI (%) increased significantly in the control 
group (8.5 ± 5.0 vs 12.8 ± 2.9, P = 0.01) at 12 weeks com-
pared with baseline. The average SFI (%), indicating poor 
SQ, decreased significantly at 12 weeks compared with 
baseline in the AE (51.4 ± 8.0 vs 44.5 ± 9.6, P = 0.03) and 
RE groups (52.3 ± 7.3 vs 40.0 ± 15.4, P = 0.01). We identi-
fied no significant changes after the 12-week intervention in 
PAEE, total time in bouts, TST, WASO, and SE.

The frequencies of depressive and anxiety disorders did 
not change significantly in any group during the 12-week 
study period, and there were no significant differences 
between exercise interventions at 12 weeks (data not shown).
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Discussion

The primary aim of this study was to investigate whether 
12 weeks of intradialytic training with AE, RE, or CE would 
induce improvements to DPA or SQ in MHD patients com-
pared with a no IDE group. To the best of our knowledge, 
this is the first report to investigate the effect of IDE on DPA 
and SQ in MHD patients using an accelerometer. A previ-
ous randomized pilot study of a 6-month exercise training 
program in 70 MHD patients indicated that self-reported 
physical activity increased in the IDE group compared with 
the usual care group [32]. In this study, however, we did not 
observe any significant changes in DPA (except for METs) 
or SQ between the control and IDE groups at 12 weeks. Our 
primary outcome data also indicated there was no evidence 
of superiority of AE over RE or vice versa in improvement 
of DPA and SQ. Moreover, although it is an attractive theo-
retical hypothesis that a combination of AE and RE would 
be superior to either exercise modality alone as they act on 
different specific fitness and health targets, we did not find 
any positive additive effect of CE on DPA and SQ in the pre-
sent study. There are several possible explanations for these 
nonsignificant results. First, our sample size was insufficient. 
Second, the intervention period of 12 weeks was relatively 
short. Third, ceiling effects could weaken the intervention 
effects. Because our study subjects (recruited according to 
inclusion and exclusion criteria) were in relatively stable 
condition, there would be a possibility that the levels of DPA 
and SQ in participants before the intervention are already 
relatively high levels. Finally, our IDE protocol might be of 
insufficient workload to stimulate positive effects.

In our secondary analysis, at 12 weeks compared with 
baseline, we observed significant improvements in METs 
(in AE and CE), bouts (in CE), sedentary bouts (in AE and 
CE), daily average of sedentary bouts (in AE, RE, and CE), 
and the percentage of time spent in MVPA (in CE) from 
among the DPA parameters. The results of the present study 
were partly supported by a recent non-randomized study, 
which showed that intradialytic RE training improved physi-
cal activity in 75 MHD patients [33]. A recent meta-analysis 
of IDE in MHD patients showed that IDE modality in the 
included randomized controlled trials was of various types 
[22]. Our data showed CE improved more DPA parameters 
than AE and RE. However, CE is more complex, and com-
pliance may be poorer than the other two choices. In general, 
more studies, particularly comparative studies, are needed to 
identify the most suitable IDE modality for MHD patients.

There is currently no specified pharmaceutical treatment 
guideline for SQ improvement in MHD patients, and ben-
zodiazepines, non-benzodiazepine, anxiolytics, and mela-
tonin are all prescribed for these patients [34]. Concerns 
about drug tolerance, habituation, complications, excessive 

accumulation, and interactions with the numerous medica-
tions used in MHD population are frequently raised in phar-
macological approach. Surprisingly, only a few small-sized 
pharmacological studies revealed improvements in SQ in 
MHD patients [35, 36]. As a result, extra care and caution 
should be exercised when prescribing drugs for sleep disor-
ders in MHD patients. Recently, growing evidence indicates 
favorable effects and less adverse events using non-phar-
macological interventions (including exercise training) on 
sleep disorders, which are promising methods to improve 
the SQ in a dialysis-dependent population [37]. Various 
pathways have been proposed to explain the relationship 
between exercise and sleep. Proposed mechanisms include 
body temperature changes, cytokine concentration changes, 
increased energy consumption/metabolic rate, central nerv-
ous system fatigue, changes in mood/anxiety symptoms, 
changes in heart rate and heart rate variability, growth hor-
mone secretion, brain-derived neurotropic factor secretion, 
improved fitness level, and body composition change [38]. 
While most exercise and sleep studies have focused on AE, 
a small number of studies have examined RE on SQ [39]. 
Little is still known on the underlying mechanisms that can 
explain the effects of RE on sleep. RE could potentially 
improve SQ by improved symptoms of depression or anxi-
ety, alterations in PAEE, increase in body temperature, or 
relief of musculoskeletal pain [40]. Several previous studies 
based on questionnaires have suggested that IDE had ben-
efits on the potential improvement in sleep disturbance in 
MHD patients [41, 42]. In our secondary analysis, SQ data 
demonstrated significant improvements in average MI (in 
AE, RE, and CE) and SFI (in AE and RE), while other SQ 
parameters showed no change over the IDE duration. It has 
been demonstrated that use of sleep-inducing medication is 
a potential factor contributing to alter SQ in dialysis patients 
[8]. Moreover, chronic auto-administration of hypnotic med-
ication may be more frequent in MHD patients relative to the 
general population. In addition, SQ may be affected by pos-
sible lifestyle factors, such as tobacco, alcohol, and caffeine 
use [43]. Thus, the possibility remains that these common 
factors could have affected our results. Several psychosocial 
factors also contribute to impaired SQ in MHD patients. 
Depression is very common and can be a cause, as well as 
a result, of insomnia in MHD patients [44]. Anxiety, which 
typically interferes with sleep onset, also may cause early 
morning awakening [45]. In case of depression, there are 
several previous trials showing that AE training significantly 
alleviated depression in MHD patients [42, 46, 47]. How-
ever, our exercise interventions had little effect on either 
depression or anxiety, which suggests that psychosocial fac-
tors may have had a very limited effect on SQ in this study 
population, at least during the 12-week study period.

The major strength of this study was the objective (accel-
erometer) assessment of changes in DPA and SQ in MHD 
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patients as a consequence of a 12-week IDE. DPA and SQ 
are typically measured using self-report instruments. How-
ever, subjective methods based on questionnaires and diaries 
rely on individual memory and interpretation, and may be 
afflicted by inconsistencies and bias. Therefore, objective 
methods, based on specific monitoring devices, may be an 
alternative approach to measure DPA and SQ more accu-
rately. Recently, small, lightweight, wearable devices capa-
ble of sampling and storing raw, triaxial acceleration data 
for up to several weeks are commercially available. These 
accelerometers are sensitive to combined gravitational and 
dynamic acceleration, which makes it possible to both derive 
inclinometric information and assess intensity of movements 
[48]. Accelerometry also provides objective monitoring of 
sleep–wake rhythms and may be considered a cost-effective 
substitute for polysomnography (PSG), the gold standard 
for sleep monitoring [49]. Therefore, accelerometry systems 
may be used to concurrently assess sleep and DPA behaviors 
in free-living settings. While most reports of DPA and SQ 
have relied upon self-reports, this study used more accurate 
measures of DPA and SQ, gathering data over 7 days of 
accelerometer use [37, 50].

In general, accelerometry has reasonable validity and 
reliability in normal individuals with relatively good sleep 
patterns. In comparison with PSG, however, the validity of 
accelerometry in special populations (e.g., elderly people, 
individuals with other major health problems or individuals 
with poor SQ) is still more questionable. The most prob-
lematic validity issue is the low specificity of accelerometry 
in detecting wakefulness within sleep periods reported for 
certain devices, algorithms, and populations. In addition, in 
the final analysis accelerometry only measures movements 
and not sleep per se, and therefore, it is affected by other 
neurobehavioral systems and control mechanisms that are 
unrelated to sleep (e.g., disorders of the motor system) [51].

Surprisingly, there is little evidence whether accelerom-
etry is a valid alternative PSG for sleep measures in MHD 
patients. A recent systematic review, which utilized only 
studies performed using PSG, verified the high prevalence 
of sleep disorders (sleep apnea, RLS, and PLMD) in MHD 
patients [52]. Such frequent sleep-related problems have a 
negative impact on SQ in MHD patients [9]. As far as we 
know, PSG is routinely indicated for the diagnosis of sleep 
apnea and PLMD [53]. RLS is a diagnosis based on history 
with standardized clinical criteria [54]. Although PLMD can 
exist independent of RLS, it is estimated that approximately 
80% of individuals with RLS have evidence of PLMD on 
PSG, so PSG may be helpful in increasing the confidence 
in the RLS [53]. However, PSG is a relatively expensive, 
time and labor-intensive test and may not be feasible for 
lengthy data collection. It may also difficult to convince 
dialysis patients, already spending a substantial amount of 
their time each week attached to a machine in the dialysis 

center, to spend two nights in a sleep laboratory [13]. Thus, 
because we used only accelerometry in the objective assess-
ment of sleep–wake (activity and rest) pattern in this study, 
the prevalence of these sleep disorders remains unknown 
from our objective data, which may also limit its use as a 
valid alternative to PSG.

This study had several limitations. Because of the single 
center design and small sample size, our study might have 
been underpowered to detect significant changes in some 
variables. Another limitation was the potential selection bias 
in our cohort, since patients who were eligible to partici-
pate in this study were healthier than average MHD patients. 
They had not been hospitalized for at least 3 months before 
the study and could ambulate independently. Additionally, 
there was an inherent selection bias since not all patients 
who were approached agreed to participate in the study. 
Perhaps the patients who agreed to participate in the study 
were more interested in performing intradialytic training 
and wearing an accelerometer relative to their peers. Finally, 
there was a baseline imbalance in dialysis vintage between 
groups, which might have affected our results.

In conclusion, this study suggests that IDE may play an 
important role in the improvement of DPA and SQ in MHD 
patients, although future studies with larger sample sizes 
and a longer intervention duration are needed to confirm 
our findings and lead to improved clinical outcomes, such 
as QOL and mortality.
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