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Abstract: Exercise is fundamentally important in managing chronic diseases and improving health-
related quality of life (HRQL). However, whether intradialytic exercise is safe through assessment
of changes in dialytic parameters and has a positive impact on HRQL and depression status of he-
modialysis patients requires further research with diverse racial and cultural populations to iden-
tify. This study aimed to evaluate the effects of intradialytic exercise on dialytic parameters, HRQL,
and depression status in hemodialysis patients. A randomized controlled trial was conducted at a
medical center in Northern Taiwan. Sixty-four hemodialysis patients were recruited using stratified
random sampling. Participants were randomized into an experimental group (EG, n = 32) or a con-
trol group (CG, n = 32). The EG received a 12-week intradialytic exercise program while the CG
maintained their usual lifestyles. Dialytic parameters, HRQL, and depression status were collected
at baseline and at 12 weeks. The results indicated no differences in the dialytic parameters from the
baseline between both groups. However, the EG had increased HRQL (8 = 22.6, p < 0.001) and re-
duced depression status (8 = -7.5, p = 0.02) at 12 weeks compared to the CG. Therefore, a 12-week
intradialytic exercise regime is safe and effective in improving HRQL and reducing depression sta-
tus for hemodialysis patients.

Keywords: depression status; exercise; hemodialysis; intradialytic exercise; health-related quality
of life

1. Introduction

End-stage renal disease (ESRD), the last stage of chronic kidney disease due to its
irreversible loss of renal function, is an emerging global public health problem [1,2].
Nearly 90% of ESRD patients require regular hemodialysis as renal replacement therapy
for maintaining survives [1]. However, ESRD patients on hemodialysis maintenance with
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associated multi-comorbidities (i.e., cardiovascular disease, renal bone disease, and ane-
mia), experience an impaired health-related quality of life (HRQL) [2,3], and increased
depression status due to the high burden of somatic symptoms and psychological distress
[2,4,5]. In addition, both HRQL and depression status has been reported to be associated
with mortality in hemodialysis patients after adjusting for age, gender, race, the primary
cause of kidney failure, dialysis vintage, and baseline depression history [4,5]. Therefore,
developing strategies to improve HRQL and reduce depression status in hemodialysis
patients is an imperative issue.

Physical inactivity, a prominent contributor to the deterioration of physical function
among hemodialysis patients [6], has been linked to adverse clinical outcomes such as
high morbidity rate and mortality [3,7]. Impairments from complications including fluid
retention, anemia, and accumulated uremic toxins are attributable to the disease of ESRD
itself, hemodialysis (e.g., the long periods of immobility during treatments and post-dial-
ysis fatigue), and particularly, physical inactivity [6,7]. A vicious circle hence arises be-
tween physical inactivity and morbidity in hemodialysis patients.

A systematic review advocated that reduction in physical function of hemodialysis
patients can be partially reversed with regular exercise over at least eight weeks [8,9]. In
addition, engagement in regular exercise is associated with a decreased mortality risk
[3,10], improved HRQL, and reduced depression status among hemodialysis patients
[8,11]. Therefore, the National Kidney Foundation and clinical practice guidelines recom-
mend that hemodialysis patients should increase their physical activity levels and make
regular exercise a part of the strategic management of hemodialysis treatment [12]. Un-
fortunately, most hemodialysis patients exhibit low physical activity levels [13,14] for var-
ious reasons. Numerous known barriers, involving fear of injuries, discomfort, safety con-
cerns, limited leisure time, symptoms of debilitation, and intolerance of exercise, make
most hemodialysis patients experience difficultly in participating in regular exercise [15-
17]. The most commonly reported barriers are fatigue on dialysis days and shortness of
breath on non-dialysis days [15]. In addition, fatigue and muscle weakness after a long
period of hemodialysis results in deconditioning, which might further reduce exercise tol-
erance, compliance/adherence to exercise, and overall motivation [18].

Despite regularly implemented supervised exercise interventions may not be entirely
feasible for most chronic diseases in clinical practice, it has been reported to be more ef-
fective than home-based or community-based exercise training [19,20]. Hemodialysis pa-
tients must receive dialysis treatments regularly two to three times per week at a hospital
or dialysis facility to maintain their lives. Therefore, adding exercise to a regular hemodi-
alysis visit would be feasible and an optimal choice for hemodialysis patients under the
assumption that it would increase exercise adherence. However, hemodialysis patients
experience high cardiovascular and all-cause mortality, particularly during hemodialysis
treatments. According to reports from the US Renal Data System database, two-thirds of
cardiac deaths are attributed to an arrhythmia-related sudden death, making up 26% of
mortality among hemodialysis patients [21]. Although many triggers of sudden death
have been identified, such as acute myocardial ischemia, autonomic imbalance, increased
sympathetic activity, history of hypertension, and diabetes, the higher risk of sudden
death among hemodialysis patients appears to accelerate after dialysis initiation [21,22].
Therefore, whether a moderate-intensity intradialytic exercise intervention is safe requires
further investigation, particularly through evidence with diverse racial and cultural
groups. The clinical signs and characteristics (i.e., electrolyte imbalances, anemia, and hy-
perparathyroidism) frequently presented in hemodialysis patients could explain partial
mechanisms of arrhythmia, as suggested by the relationship between sudden cardiac
death and hemodialysis [23]. In addition, a decreased glomerular filtration rate (GFR) has
been proposed to cause endocardial as well as diffuse myocardial fibrosis that could en-
hance the risk of life-threatening ventricular arrhythmias [24]. Hence, our study aimed to
confirm the safety of a 12-week intradialytic exercise program by investigating the
changes of serum chemistries, serum electrolytes, and GFR from baseline.
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So far, whether intradialytic exercise is safe requires more research with diverse ra-
cial and cultural populations to identify, since previous reports evaluated the adverse or
accident events during exercise training to determine the safety and particularly limited
evidence were found in the Asian population [25]. In addition, inconsistent effects of in-
tradialytic exercise on HRQL are found [26-28] and little is known about the effects of a
12-week intradialytic exercise regime on cardiometabolic factors combined with HRQL
and depression status. Therefore, the current study aimed to determine the effects of a 12-
week intradialytic exercise program on dialytic parameters, cardiometabolic factors,
HRQL, and depression status in hemodialysis patients.

2. Materials and Methods
2.1. Design

A randomized controlled trial with a two parallel-group design was conducted. Eli-
gible ESRD patients undergoing maintenance hemodialysis for at least six months were
randomized into either an experimental group (EG) or a control group (CG). The EG re-
ceived a 12-week intradialytic cycling exercise and the CG maintained their usual life-
styles. Outcome measures including dialytic parameters (i.e., serum chemistries, serum
electrolytes, intact-parathyroid hormone [IPTH], and estimated glomerular filtration rate
[eGFR]), cardiometabolic factors (i.e., resting heart rate, systolic/diastolic blood pressure,
fasting blood glucose, cholesterol, and triglycerides), and Uric acid), HRQL, and depres-
sion status were collected at pre- (baseline) and post- (12 weeks) intervention.

2.2. Participants

Potential hemodialysis patients were recruited from the hemodialysis center at a
medical center in Northern Taiwan between June 2019 and December 2019. One hundred
sixty-three patients receiving regular hemodialysis (97 patients treated on odd weekdays
[Monday, Wednesday, Friday] and 66 patients treated on even weekdays [Tuesday,
Thursday, Saturday]) were initially approached. Those who agreed to participate were
then screened for eligibility by a nephrologist. Inclusion criteria were: (1) ESRD patients
on hemodialysis maintenance; (2) aged 20 to 80 years; (3) able to speak and understand
Mandarin; (4) had received regular treatment with hemodialysis (3 times/week) for at
least six months, and (5) agreed to be randomized into one of the two groups. Exclusion
criteria included lower limb disabilities, hospitalized patients, treatment with peritoneal
dialysis, received hemodialysis less than three times/week, a history of recent acute myo-
cardial infarction, unstable angina, uncontrolled arrhythmia, acute stroke, a hospitaliza-
tion experience within the past six months, diagnosed cancer, and a mental illness, espe-
cially depression.

G*Power (Germany, version 3.1.9) software was applied for sample size estimation
[29]. Based on an analysis of variance (ANOVA)-repeat measures (within-between inter-
actions), a statistical power of 0.8, an effect size of 0.25, a significant level of 0.05, and the
number of measurements at 2, we calculated that 26 participants in each group would be
required [30]. By taking into account a possible attrition rate of 15-20%, the target sample
size was set at 30-32 per group.

2.3. Study Cohorts and Interventions

Considering that having two groups in the same area for dialysis treatment combined
with intradialytic exercise may result in bias, we used stratified random sampling to place
participants into either the EG and CG and separated them into different treatment sched-
ules. Therefore, 64 patients were randomly selected from 112 eligible patients (60 were
treated on odd weekdays and 52 were treated on even weekdays) and allocated them with
a 1:1 randomization ratio into the EG (n = 32, treated on odd weekdays) and the CG (n =
32, treated on even weekdays) by the research project investigator. Randomization was
performed using sealed opaque envelopes which were opened by a research nurse.
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The exercise protocol for the EG was prescribed by a rehabilitation physician and
followed the principle based on the American College of Sports Medicine guidelines in-
cluding frequency, intensity, time, and type [31]. (1) Frequency: received intradialytic,
lower-limb, cycling exercise three times per week on alternative days (Monday, Wednes-
day, Friday) for 12 weeks (36 times) at the hemodialysis center of the medical center and
supervised by hemodialysis nurses and a research nurse who had more than 10 years of
exercise training experience. (2) Intensity: the intensity of exercise was set at 12-14 (mod-
erate-intensity: somewhat hard or reports of feeling a little bit tired but still ok to continue)
based on the Borg's Perceived Exertion Rating Scale (a rating of 6 perceiving "no exertion
at all" to 20 perceiving a "maximal exertion" of effort) [32]. Appropriate speed and grade
of resistance were adjusted to achieve the required intensity. (3) Time: the duration of each
exercise session consisted of a 5-min warm-up, 20-min endurance, and 5-min cool-down
phase. The exercise occurred at least one to two hours after a meal. (4) Type: lower-limb
ergometer (WP-698, Magnetic Mini Bike, Taiwan) was used for intradialytic cycling exer-
cise in the supine position. Each session of intradialytic exercise started at 30 min after the
beginning of hemodialysis when the hemodynamic stability of patients was confirmed
(without complaint of chest pain, dyspnea, pallor, diaphoresis, or dizziness; had systolic
pressure >200 mmHg or diastolic pressure >120 mmHg; had a decrease in systolic pressure
of >10 mmHg compared to the systolic pressure at rest, or requested stopping the exer-
cise). Participants in the CG maintained their usual lifestyles and regular hemodialysis.

2.4. Measures

Eligible patients who agreed to participate were invited to the local medical center
for pre- (baseline) assessment. Data were collected using structured interviews with ques-
tionnaires (sociodemographics, lifestyle factors, HRQL, and depression status), blood
analyses, and blood pressure measures at baseline and 12 weeks by a separate research
nurse, blinded to the group assignment.

2.5. Dialytic Parameters

The trial assessed the safety of a 12-week intradialytic exercise program as compared
with conventional treatment in hemodialysis patients through the stability or changes of
dialytic parameters at pre- and post-intervention. We evaluated whether dialytic param-
eters including serum chemistries (red blood cell [count/uL], hemoglobin [g/dL], hemato-
crit [%], mean corpuscular volume [fL], albumin [g/dL], GPT [IU/L], GOT [IU/L], blood
urea nitrogen [BUN, mg/dL], creatinine [Cr, mg/dL]), serum electrolytes (sodium [Na,
mEq/L], potassium [K, mEq/L], calcium [Ca, mg/dL], phosphate [P, mg/dL]), IPTH
[pg/mL]), and eGFR, [mL/min1.73m?]) in the EG were different from the CG. All of the
dialytic parameters were analyzed at the clinical laboratory of the local medical center,
where was certified by the College of American Pathologists. The eGFR, calculated by the
equation: 186 x (Creatinine/88.4) — 1.154 x (age) — 0.203 x (0.742 if female) x (1.210 if black),
has been recognized as an indicator for facilitating the detection, evaluation, and manage-
ment of chronic kidney disease [33].

2.6. Cardiometabolic Factors

The positive impact of regular moderate- to vigorous-intensity aerobic exercise on
cardiometabolic health has been well-documented [34,35]. Therefore, the cardiometabolic
factors, consisting of resting heart rate (beat/min), blood pressure (systolic and diastolic
blood pressure [mmHg]), fasting blood glucose (mg/dL), serum lipids (cholesterol [mg/dL]
and triglyceride [mg/dL]), and uric acid (mg/dL) were assessed at baseline and 12 weeks,
as secondary outcomes. Resting heart rate and blood pressure were obtained after partic-
ipants had been seated quietly for three to five minutes, using an electronic blood pressure
monitor device (Terumo, ESP2000, Tokyo, Japan).
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2.7. Health-Related Quality of Life

The well-valid and reliable Medical Outcomes Study Short-Form 36 (SF-36), consist-
ing of 36 items and eight subscales (bodily pain [2 items], general health [5 items], mental
health [5 items], physical function [10 items], role function limitation due to emotional
problems [role-emotional, 3 items], role function limitation due to physical conditions
[role-physical, 4 items], social function [2 items], and vitality [4 items]) except one item for
health transition was used to assess HRQL [36]. In addition to the eight subscales, the total
mean score of HRQL was measured to evaluate the overall HRQL. Higher scores ranged
from 0 to 100 presented better HRQL. Cronbach’s alpha of the total scale in the present
study was 0 93.

2.8. Depression Status

The 21-item, self-rated Beck Depression Inventory (BDI) [37] with good reported va-
lidity and reliability [38] was applied to measure participants” depression status. Scores
ranged from 0-63 and higher scores indicated higher depression status. The BDI, compris-
ing of emotional (5 items), cognitive (7 items), and somatic (9 items) categories, can also
be used to screen depressive symptoms as minimal depression (0-9), mild depression (10—
18), moderate depression (19-29), and severe depression (30-63). Cronbach’s alpha of the
scale in the present study was 0.92.

2.9. Ethical Consideration

Institutional review board approval (TSGHIRB: 1-108-05-070) was obtained from Tri-
Service General Hospital in Taipei, Taiwan. This trial has been registered on the “Clinical-
Trials.gov” (NCT04990154). All participants were invited to join the study after giving
informed consent and were assured that their participation was entirely voluntary and
that they could withdraw at any time.

2.10. Data Analysis

Statistical analyses were performed by SPSS version 16.0 (SPSS Inc., Chicago, IL,
USA). Descriptive statistics including means, standard deviation (SD), and percentages
(%) were used to display the study participants’ sociodemographics, clinical information,
and lifestyle characteristics. Student's t-tests and chi-square tests were used to compare
the pre- and post-intervention differences between groups. Paired t-tests were applied to
compare differences between pre- and post-tests. Generalized estimating equations
(GEEs) for longitudinal data/repeat measures were applied to appraise the intervention
effects of the two groups by significant interactions of group and time (group x time) as it
can be used to evaluate intervention effects under adjustment for potential confounding
factors [39]. Both the quantile-quantile plot and Shapiro-Wilk test were used to determine
the normality of outcome variables studied. In addition, G*Power (Germany, version 3.1.9)
software were also applied for the calculation of the post-hoc effect size under the sample
size of 64 and resulted in an effect size of 0.35 [25]. An intent-to-treat analysis was applied
to provide unbiased comparisons among the treatment groups and avoid the effects of
patient dropouts. The last-observation-carried -forward method of data imputation was
adopted to handle missing data. All of the statistical analyses were two-tailed and p <0.05
was considered statistically significant.

3. Results
3.1. Baseline Characteristics of Participants

One hundred sixty-three patients were initially approached. Of these, 15 participants
declined to participate (due to anticipated discomfort and fatigue from intradialytic exer-
cise) and 36 were excluded. Of the remaining 112 participants, 64 were randomly selected
and assigned: 32 (50%) to the EG (treated on odd weekdays) and 32 (50%) to the CG
(treated on even weekdays). Of the 64 randomized participants, 57 (89%) completed all
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data collection (29 in the EG and 28 in the CG). The reasons for not completing the study
were withdrawal from the study due to fatigue during intradialytic exercise (n = 1), suf-
fering from knee osteoarthritis with severe pain (n = 1), and loss to follow-up due to hos-
pitalization for coronary artery disease (1 = 4) and pneumonia (n = 1) (Figure 1). The last-
observation-carried-forward method of data imputation was used for intent-to-treat anal-
ysis. Hence, sixty-four participants were included in the data analysis.

Table 1 shows the sociodemographic characteristics, comorbidities, and lifestyle fac-
tors. The two groups did not differ in sociodemographics, comorbidities, and lifestyle fac-
tors. The baseline dialytic parameters, cardiometabolic factors, HRQL, and depression sta-
tus in the two groups are shown in Table 2.

163 were approached

51 excluded
15 declined to participate
36 did not meet inclusion criteria
] 18 age over 80 years
8 had lower limb disabilities
3 hospitalization within recent 6 months
Enrollment 3 received dialysis within half year
3 had a history of cancer
1 had confirmed mental illness

112 eligible
(60 treated in odd weekdays, 52 treated in even weekdays)

64 randomly selected

32 Experimental Group 32 Comparison Group
(treated in odd weekdays) Allocation (treated in even weekdays)
J 1
29 Completed 28 Completed ‘
- 2 Withdrew from study (1 felt fa- -4 Loss to follow-up (3 hospital-
tigue during exercise training; 1 ized due to coronary artery dis-
suffered from osteocarthritis of ease; 1 hospitalized due to

knee with severe pain) Follow-1p pneumonia)
=1 Loss to follow-up (1 hospital-
ized due to coronary artery dis-

ease)

32 were included in analysis |

|

| 32 were included in analysis |

An intent-to-treat analyst:

Figure 1. CONSORT Diagram of Participants” Flow Through the Trial.

Table 1. Comparisons of demographics and comorbidity characteristics between groups.

. EG CG t/x? p
Variables =32 =32
Sociodemographic Characteristics
Age (year), mean (SD) 62.0 (9.5) 62.1 (12.3) 0.03 097
Gender (male), 1 (%) 22 (68.8) 19 (59.4) 0.61  0.60
Marital status (married), n (%) 28 (87.5) 23 (71.9) 241 012
Education (more than high school), n (%) 21 (65.6) 25(78.1) 124 027
Currently employed, n (%) 10 (31.2) 7(21.9) 072 040
Body mass index (Kg/m?), mean (SD) 23.4(3.7) 23.4 (4.5) -0.06 095
Duration of hemodialysis (year), mean (SD) 6.7 (5.7) 6.2 (5.1) 039 0.70

Comorbidities
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Hypertension, n (%) 28 (87.5) 24 (75.0) 1.64 034
Type 2 diabetes, 1 (%) 14 (43.8) 19 (59.4) 156 021
Hyperlipidemia, n (%) 5 (15.6) 6 (18.8) 011 074

Cardiovascular disease, 1 (%) 4 (12.5) 11 (34.4) 427  0.08
Metabolic syndrome, 1 (%) 6 (18.8) 7 (21.9) 0.10 0.76
Lifestyle Factors
Smoking, 1 (%) 3(9.4) 0 (0) 3.15 024
Drinking, 1 (%) 0 (0) 1(3.1) 1.02  1.00

Note: n, number; SD, standard deviation; EG, experimental group; CG, comparison group.

3.2. Outcome Evaluation
3.2.1. Dialytic Parameters

The descriptive and univariate analyses of the outcome evaluation are shown in Ta-
ble 2. There were no differences between the two groups in all of the baseline dialytic
parameters. Given that participants in the EG had higher (t =2.43, p = 0.02) albumin levels
than those in the CG at 12 weeks, both EG and CG had no significant change in all of the
dialytic parameters after 12 weeks. When the group x time interaction was examined
based on the GEE analyses (Table 3), all of the dialytic parameters in the EG had no
changes as compared to the CG.

3.2.2. Cardiometabolic Factor

There were no differences between the two groups in all of the baseline cardiometa-
bolic factors (Table 2). Given that the EG had reduced systolic blood pressure (t =-3.03, p
=(0.004) at 12 weeks as compared to the CG, both the EG and CG had no significant change
in all of the cardiometabolic factors after 12 weeks. When the group x time interaction was
examined based on the GEE analyses (Table 3), all of the cardiometabolic factors in the EG
had no changes as compared to the CG.

3.2.3. Health-Related Quality of Life

There were no differences between the two groups in the baseline HRQL including
the total mean score of HRQL and the eight subscales (Table 2). After the 12-week intra-
dialytic exercise, the EG had an increased total mean score of HRQL, bodily pain, general
health, mental health, physical function, role-physical, social functioning, and vitality. The
CG had no changes within these from baseline. In addition, participants in the EG had a
higher total mean score of HRQL and with most subscales except the bodily pain com-
pared to the CG. When the groupetime interaction was examined based on the GEE anal-
yses, participants in the EG had a greater increase in total mean score of HRQL (8 = 22.6,
p <0.001), general health (8 =19.2, p = 0.004), mental health (8 = 17.7, p = 0.001), physical
function (6 = 14.5, p = 0.02), role-emotional (£ = 28.9, p = 0.04), and role-physical (8 = 63.7,
p<0.001) at 12 weeks as compared to those in the CG after adjusting for sociodemographic
characteristics, comorbidities, and lifestyle factors (Table 3).
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Table 2. Differences of outcome indicators between groups at baseline and after the intervention.
EG (n=32) CG (n=32) Baseline 12-week
Variables Baseline 12-week p Baseline 12-week p EG vs. CG EG vs. CG
t 4 t P
Dialytic parameters
Serum chemistries
Red blood cell (x10"6/uL) 3.5(0.6) 3.4 (0.6) 0.58 3.6 (0.7) 3.6 (0.9) 1.00 -046 0.647 -0.83 041
Hemoglobin (g/dL) 10.1 (1.4) 99 (1.1) 0.51 10.3 (1.3) 10.4 (1.3) 090 -0676 050 -217 0.11
Hematocrit (%) 30.5 (4.2) 29.6 (3.6) 0.37 31.4 (4.4) 31.6 (5.6) 0.82 -0.827 0411 -1.74 0.09
Mean corpuscular volume (fL) 87.9 (9.4) 88.1 (9.6) 0.95 89.0 (8.6) 93.1 (17.9) 031 -045 0.654 -135 0.18
Albumin (g/dL) 3.9(0.3) 4.0 (0.3) 0.65 3.9(0.3) 3.8(0.2) 020 0.65 052 243 0.02
GPT (IU/L) 13.2 (4.2) 14.2 (4.5) 0.37 14.7 (7.1) 14.5 (7.4) 0.89 -1.05 030 -0.18 0.86
GOT (IU/L) 13.3 (4.9) 15.0 (6.8) 0.25 14.2 (6.1) 15.4 (6.6) 045 -0.68 050 -0.26 0.80
BUN (mg/dL) 65.6 (18.1) 70.4 (20.6) 0.33 65.8 (16.5) 70.5 (25.6) 039 -0.04 097 -0.02 0.99
Cr (mg/dL) 10.6 (2.2) 10.4 (2.3) 0.72 9.7 (2.0) 10.1 (2.1) 043 1.69 010 049 0.63
Serum electrolytes
Na (mEq/L) 137.6 (3.0) 137.5 (2.4) 0.92 137.4 (2.8) 142.0 (24.5) 029 031 076 -1.04 0.30
K (mEq/L) 4.8 (0.8) 4.6 (0.6) 0.29 4.6 (0.7) 4.7 (1.1) 0.66 1.11 027 -040 0.69
Ca (mg/dL) 9.2(1.2) 9.3 (1.1) 0.91 9.3 (1.0) 9.0 (0.9) 023 -0.13 090 1.16 0.25
P (mg/dL) 52(1.4) 49 (1.2) 0.48 4.8 (1.2) 5.0 (1.3) 0.69 1.05 030 -0.06 0.95
IPTH (pg/mL) 416.3 (351.6) 438.7 (293.9) 0.79 330.9 (335.0) 321.8 (289.2) 093 081 042 147 0.15
eGFR (mL/min1.73m?) 5.0(1.1) 51(1.2) 0.67 5.4 (1.5) 5.1(1.3) 038 -1.415 0162 -0.10 092
Cardiometabolic factors
Systolic blood pressure (mmHg) 141.5 (20.8) 136.5 (14.4) 0.27 145.1 (8.0) 152.2 (25.5) 030 -0.58 0562 -3.03 0.004
Diastolic blood pressure (mmHg) 75.6 (12.2) 71.7 (7.4) 0.13 73.1 (13.8) 74.8 (14.4) 062 0.76 0451 -1.09 0.28
Resting heart rate (beat/min) 71.6 (8.3) 71.4 (8.5) 0.93 71.4(9.8) 70.8 (9.7) 0.79 0.08 0935 0.29 0.77
Fasting blood glucose (mg/dL) 105.4 (29.1) 103.6 (28.3) 0.81 125.8 (86.5) 116.8 (47.2) 0.61 -1.26 021 -136 0.18
Cholesterol (mg/dL) 156.6 (32.2) 153.8 (31.3) 0.73 156.5 (29.9) 157.4 (32.3) 092 0.01 099 042 0.68
Triglyceride (mg/dL) 124.6 (127.6) 125.8 (116.2) 0.97 112.3 (62.9) 119.2 (86.5) 075 043 067 024 0.82
Uric acid (mg/dL) 6.4 (1.7) 5.7 (1.3) 0.16 6.2 (1.2) 6.0 (1.4) 0.64 0.60 055 -053 0.60

HRQL
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Total mean score
Bodily pain
General health
Mental health
Physical function
Role-emotional
Role-physical
Social functioning
Vitality
Depression status

62.8 (17.5) 81.0 (18.7) <0.001
74.4 (22.5) 90.8 (18.9) 0.003
44.1 (17.6) 58.6 (20.6) 0.004
63.8 (16.8) 79.8 (18.2) 0.001
72.5 (21.0) 88.3 (15.7) 0.001
78.1 (37.5) 90.6 (29.6) 0.14

46.9 (39.0) 85.9 (31.7) <0.001
71.9 (24.4) 88.7 (22.8) 0.01

50.6 (20.6) 65.6 (21.1) 0.01

12.8 (9.3) 5.0 (6.8) <0.001

64.1 (16.9) 58.1 (16.1)
79.9 (26.6) 79.9 (26.6)
48.1 (18.8) 42.7 (19.8)
70.6 (15.7) 67.4 (14.4)
75.0 (19.3) 73.9 (19.1)
63.5 (40.9) 44.8 (42.8)
50.0 (43.1) 32.0 (39.3)
72.3 (22.6) 70.7 (22.1)
53.0 (19.1) 53.4 (18.1)
11.2 (9.8) 12.5(9.2)

0.15 0.30 0.77 527 <0.001
1.00 0.89 038 1.89 0.06

026 0.89 038 3.16 0.002
039 1.69 0.10 3.02 0.004
0.82  0.50 062 329 0.002
0.08 -1.49 0.14 498 <0.001
0.09 030 076  6.04 <0.001
0.78 0.07 095 320 0.002
092 047 0.64 248 0.02

058 0.65 052 -3.73 <0.001

Note: EG, experimental group; CG, comparison group; GPT, glutamic pyruvic transaminase; GOT, glutamic oxaloacetic transaminase; BUN, blood urea nitrogen; Cr, creatinine; IPTH,
intact parathyroid hormone; eGFR, estimated glomerular filtration rate; HRQL, health-related quality of life; data are presented as mean (SD); p-values were from the paired t-test,

Student's -test, or chi-square test.

Table 3. Evaluation of the intervention on dialytic parameters, health-related quality of life, and depression status based on the GEE Analysis.

Within Group Between Group

Interaction
Group (EG) x Time

Interaction?
Group (EG) x Time

Variables Ref: Baseline Ref: CG Reference Group: (CG) x Time Reference group: (CG) x Time
95% C.I. 95% C.I. .
8 P 8 P 8 Lower Upper P 8 Lower Upper p-Adjusted
Dialytic parameters
Serum chemistries

Red blood cell (x10"6/uL) 0.001 1.00 -0.08 0.65 -0.08 -0.58 0.42 076 -0.03 -0.47 0.42 0.90
Hemoglobin (g/dL) 0.05 0.89 -022 0.51 -0.27 -1.13 0.59 054 -023 -1.03 0.58 0.58
Hematocrit (%) 0.29 0.82 -0.89 0.40 -1.17 -4.27 1.92 046 -096 -3.86 1.95 0.52
Mean corpuscular volume (fL) 4.07 028 -1.09 0.64 -3.90 -12.6 4.83 038 -3.82 -11.6 3.96 0.34
Albumin (g/dL) -0.08 0.18 0.04 051 0.12 -0.07 0.30 0.21 0.11 -0.07 0.29 0.21
GPT (IU/L) -0.25 0.89 -153 029 1.25 -2.85 5.35 0.55 1.42 -2.16 5.01 0.44
GOT (IU/L) 1.22 044 -094 049 0.50 -3.70 470 0.82 0.69 -3.26 4.63 0.73
BUN (mg/dL) 4.66 038 -0.19 097 0.09 -13.9 14.1 0.99 0.93 -12.2 14.1 0.89
Cr (mg/dL) 041 042 0.88 0.09 -0.61 -2.07 0.85 0.41 -053 -1.75 0.69 0.40

Serum electrolytes
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Na (mEq/L)
K (mEq/L)
Ca (mg/dL)
P (mg/dL)
IPTH (pg/mL)
eGFR (mL/min1.73m?)
Cardiometabolic factors
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Resting heart rate (beat/min)
Fasting blood glucose (mg/dL)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
Uric acid (mg/d)
HRQL
Total mean score
Bodily pain
General health
Mental health
Physical function
Role-emotional
Role-physical
Social functioning
Vitality
Depression status

4.68
0.10
-0.29
0.13
-9.09
-0.31

-7.06
1.75
-0.66
-8.94
0.86
6.95
-0.22

-6.0
0.0
-5.5
-3.3
-1.1
-18.8
-18.0
-1.6
0.5
1.3

0.28
0.65
0.21
0.69
0.93
0.37

0.28
0.61
0.79
0.60
0.92
0.74
0.64

0.14
1.00
0.25
0.38
0.82
0.07
0.08
0.78
0.92
0.57

0.22
0.20
-0.03
0.34
85.38
-0.47

-15.7
2.47
0.19

-20.3
0.11
12.3
0.22

-1.3
-5.5
-4.1
-6.9
-2.5
14.6
-3.1
-0.4
-2.3
1.6

0.76
0.26
0.90
0.28
0.40
0.15

0.002
0.44
0.93
0.20
0.99
0.63
0.25

0.76
0.37
0.36
0.09
0.61
0.13
0.76
0.95
0.63
0.51

-4.74
-0.29
0.33
-0.36
31.49
0.44

12.1
-5.59
0.47
7.16
-3.67
-5.72
-0.54

24.2
16.4
20.0
19.3
16.9
31.3
57.0
18.4
14.5
-9.1

-13.3
-0.84
-0.39
-1.23
-220.2
-0.44

-3.44
-14.0
-5.74
-29.2
-26.8
-78.4
-1.83

12.4
0.1
6.9
8.1
4.0
53

30.8
27
1.1

-15.1

3.77
0.26
1.04
0.52
283.2
1.32

27.6
2.77
6.68
43.5
19.4
67.0
0.75

36.0
32.7
33.1
30.4
29.7
57.2
83.3
34.0
28.0
-3.1

0.28
0.31
0.37
0.42
0.81
0.33

0.13
0.19
0.88
0.70
0.76
0.88
0.41

<0.001
0.05
0.003
0.001
0.01
0.02
<0.001
0.02
0.04
0.003

-4.71
-0.27
0.31
-0.30
3.5
0.40

-12.5
-5.80
0.54
5.80
-8.69
—4.18
-0.57

22.6
12.8
19.2
17.7
14.5
28.9
63.7
13.9
10.2
-7.5

-12.8
-0.80
-0.38
-1.14
-227.5
-0.38

-26.5
-13.2
-5.29
-27.2
-29.4
-70.3
-1.78

11.2
-2.0
6.3
7.5
2.1
21
36.3
-14
-34
-13.8

3.34
0.25
1.00
0.54
234.5
1.18

1.37
1.59
6.37
38.8
12.0
61.9
0.65

34.0
27.5
321
27.8
27.0
55.8
91.1
29.1
23.7
-1.3

0.25
0.31
0.38
0.49
0.98
0.32

0.08
0.12
0.86
0.73
0.41
0.90
0.36

<0.001
0.09
0.004
0.001
0.02
0.04

<0.001
0.08
0.14
0.02

Note: EG, experimental group: exercise training; CG, control group: received routine usual care; §3: Regression coefficient; Analyses were performed by GEE models, with a Group x
Time interaction term characterizing the intervention effect of interest; p-adjusted, *models were adjusted for sociodemographic characteristics (sex, age, educational level, marital status,
current employment, body mass index, duration of hemodialysis), comorbidities (hypertension, type 2 disease, heart disease, hyperlipidemia, metabolic syndrome) and lifestyle factors

(smoking and drinking).
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3.2.4. Depression status

There were no differences between the two groups in baseline depression status (Ta-
ble 2). After the 12-week intradialytic exercise, the EG had a significantly lower depression
status while the CG rendered no changes. The significant group x time interaction for de-
pression status revealed that the EG had a greater decrease in depression status at 12
weeks as compared to the CG (8 = 7.5, p = 0.02) after adjusting for sociodemographic
characteristics, comorbidities, and lifestyle factors (Table 3).

4. Discussion

The results of the current study demonstrated that a 12-week intradialytic exercise
intervention is effective in improving HRQL and decreasing depression status among he-
modialysis patients, but presents no differences in the dialytic parameters, indicating the
intradialytic exercise regime is safe for hemodialysis patients. Given that a 12-week, mod-
erate-intensity intradialytic exercise program had no additional benefit in cardiometabolic
factors, our study results add to the literature illustrating that intradialytic exercise has a
positive impact on HRQL and depression status without remarkable adverse events in
hemodialysis patients, highlighting its clinical benefit when it is provided in combination
with hemodialysis treatments in ESRD patients.

During hemodialysis, large fluid volumes are extracted followed by delayed
reuptake of water from the interstitial space which leads to an inability to normalize arte-
rial plasma volume. This causes a decline in cardiac output and reduces myocardial and
systemic perfusion in 20-30% of ESRD patients [40]. A recent review advocates the need
for more research to assess the safety of intradialytic exercise for hemodialysis patients
among diverse cultures or regions since most studies have been conducted with Western
populations [25,26]. In addition, previous studies assessed the adverse or accident events
during exercise training to determine the safety [25,26] instead of dialytic parameters such
as serum chemistries, electrolytes, and GFR. The current study thus examined the effects
of intradialytic exercise on the dialytic parameters, including serum chemistries (red
blood cell, hemoglobin, hematocrit, mean corpuscular volume, albumin, GPT, GOT, BUN,
Cr), serum electrolytes (sodium, potassium, calcium, phosphate), and IPTH in Asian pop-
ulation to determine its safety. Our findings showed that after a 12-week intradialytic ex-
ercise regime, the EG had no changes in all of the dialytic parameters as compared to the
CG. This finding is consistent with previous research that has shown how intradialytic
exercise had no significant effect on serum phosphate levels and PTH [25] as well as the
serum calcium and hemoglobin levels [41]. In addition, some dialytic parameters such as
hemoglobin and electrolytes might be influenced by an individual’s nutritional status and
dietary patterns. Future studies, therefore, must investigate these effects under standard-
ized diet formulas in both groups.

A recent study also revealed how exercise benefits non-dialysis patients with chronic
kidney disease by increasing eGFR [42]. However, there are scant references regarding its
effects in hemodialysis patients or patients who participated in intradialytic exercise. In
turn, this study evaluated the effects of intradialytic exercise on glomerular filtration rate,
revealing that the EG had no changes in eGFR compared to the CG. The renal functions
of the participated hemodialysis patients who reported an average hemodialysis duration
of 6.2-6.7 years in this study indicate an irreversible progression, contributing to such an
unchangeable result of the glomerular filtration rate. However, during exercise, the dis-
tribution of cardiac output shifting to the skeletal muscles would cause a decrease in renal
blood perfusion. Additionally, the higher intensity of the exercise, the lower the propor-
tionate distribution of cardiac output is found [42]. Whether receiving hemodialysis com-
bined with intradialytic exercise may aggravate the reduction of renal perfusion during
the training process remains for further research to identify. Our current study evaluated
the effects of intradialytic exercise on the changes of glomerular filtration rate among he-
modialysis patients, confirming the safety of a 12-week, moderate intradialytic exercise
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for hemodialysis patients. These findings are in line with previous reports [27,43]. In ad-
dition, during the 12-week intradialytic exercise, no adverse events, including intradi-
alytic hypotension, were observed in our study except for two patients reporting exercise-
related limb pain, which was consistent with previous reports [26,27]. We conjecture that
acute physiological responses to intradialytic exercise may help increase blood volume by
inducing greater reuptake of blood from tissue, contributing to hemodynamic stability
[44]. Sheng and his colleagues identified that intradialytic exercise can even improve Kt/V,
proving the safety of the exercise regimen [43]. Therefore, the current study used different
parameters to add literature confirming the safety of a 12-week moderate-intensity intra-
dialytic exercise program in hemodialysis patients with a preliminary result investigating
the association between intradialytic exercise and eGFR, providing considerations for fu-
ture research to design alternative or various intradialytic exercise prescriptions in hemo-
dialysis patients.

Substantial evidence concluded that exercise significantly improved patients’ cardi-
ometabolic health [45,46]. However, the effects of intradialytic exercise on cardiometabolic
health remain limited, particularly involving Asian populations. Hence, we examined the
effects of a 12-week aerobic intradialytic exercise on cardiometabolic health of Taiwanese
hemodialysis patients and revealed no additional benefits in cardiometabolic factors in-
cluding systolic/diastolic blood pressure, resting heart rate, fasting blood glucose, or se-
rum lipids (cholesterol, triglyceride, and uric acid), which are in line with a previous study
[43]. The reasons explaining these insignificant effects can be complicated. A prolonged
exercise program over at least six months tends to have a positive impact on cardiometa-
bolic health for hemodialysis patients [43]. In addition, a moderate-to-vigorous exercise
regime would be a major predictor to decreased insulin resistance and improved cardi-
ometabolic status [47]. Given that the intensity of exercise was moderate in our study, a
subjective rating of intensity through individuals’ perceived exertion is not entirely objec-
tive and possibly led to overestimations of the intensity of the exercise. Future studies are
thus recommended to apply objective instruments to accurately measure the intensity of
exercise, providing exercise training with adequate intensity.

Several previous studies have concluded that combining aerobic and resistance exer-
cise tends to have a positive impact on cardiometabolic factors since combined aerobic
exercise and strength training reveals more favorable results regarding improved cardi-
orespiratory fitness [48]. Cardiorespiratory fitness is a component of physiological fitness
that relates to the circulatory and respiratory system's ability to supply oxygen during
sustained physical activity. However, several causes such as anemia, muscular atrophy,
hypervolemia, cardiac dysfunction, and physical deconditioning lead hemodialysis pa-
tients to an extremely low level of cardiorespiratory fitness [48]. Participants in this study
presented a relatively aging population, thus this problem may have been exaggerated.

Hemodialysis patients experience a heavy burden of symptoms and are more inac-
tive, leading to poor functional capacity and a decreased HRQL [43,49], which our study
confirms, particularly regarding a lower score of general health, role function limitation
due to physical conditions (role-physical), and vitality. While a recent systematic review
advocated that regular exercise may reduce depression and fatigue in hemodialysis pa-
tients [26], more randomized controlled trials that focus on different exercise regimens are
required. Gomes and his research team examined the effects of different intradialytic ex-
ercise training modalities among hemodialysis patients and revealed that aerobic exercise
alone was not significantly associated with physical function (i.e., aerobic capacity) and
HRQL [28]. However, other research teams had different conclusions [25,27]. Given that
substantial evidence examined the effects of intradialytic exercise on HRQL, inconsistent
results were found, particularly result from different exercise modalities. To understand
the effects of intradialytic exercise on HRQL in a specific exercise prescription is required
and better to compare, identifying an optima exercise prescription for hemodialysis pa-
tients. Hence, our study examined the effects of a 12-week, moderate-intensity intradi-
alytic exercise on HRQL and depression status in hemodialysis patients to provide further



Int. ]. Environ. Res. Public Health 2021, 18, 9205 13 of 16

evidence for fulfilling the knowledge gap. Accordingly, we found an effectively positive
impact on HRQL and depression status, involving the overall mean score, general health,
mental health, physical function, and role function due to emotional problems (role-emo-
tional), and role function due to physical conditions (role-physical), except for the sub-
scales of bodily pain, social functioning, and vitality. In a previous systematic review,
which is inconsistent with our study results, only the physical aspects of HRQL were im-
proved rather than the mental aspects of HRQL after receiving intradialytic exercise [26].
Another review also suggested that aerobic exercise alone was not associated with HRQL
improvement [28]. These differing results might attribute to a different follow-up period,
exercise prescription (frequency, intensity, type, and time), or implementation of the ex-
ercise. In addition, possible reasons for the changes in the mental domains of HRQL or
psychological health (decreased depression) may be associated with factors contributing
to patients’ overall mental and emotional states such as disability, degree of dependence
[50], the burden of the disease itself, financial problems resulting from unemployment, or
available family/social support. Further research is therefore recommended to adjust for
these potential confounding factors to accurately identify the mediators of HRQL and in-
tradialytic exercise among hemodialysis patients.

Depression, which is associated with morbidity and mortality in hemodialysis pa-
tients [4,5,51], has been identified as the most prevalent psychological problem in hemo-
dialysis patients. In the current study, we found that a 12-week intradialytic exercise is
effective in decreasing depression status among hemodialysis patients. Whether this find-
ing is attributed to frequent social interactions with medical staff during hemodialysis
treatments, increased vitality, or increased confidence in the management of the disease
is not known. Further efforts are required to illustrate this mechanism.

Intradialytic exercise for hemodialysis patients has emerged in recent studies. How-
ever, evidence remains insufficient and requires more high-quality clinical trials with di-
verse racial and cultural groups to clarify and reach conclusions. Therefore, we provided
results pertaining to an Asian population to support this research gap. However, several
limitations must be acknowledged in this study, including (1) a lack of long-term follow-
up evaluation, (2) limited generalizability due to the sampling method (the EG and CG
were only randomly selected from the treatment groups of specific days in the week)
given that all of the sociodemographic factors, comorbidities, and lifestyle factors were
similar between the groups, (3) a limited geographic region where the study was con-
ducted, and (4) the use of a single urban medical center which limits its generalizability
for rural areas. Hence, these findings must be interpreted with caution, and larger sample
sizes, as well as more repeated evaluations with a longer follow-up period, are required.
The strengths of this study include its random allocation design and the high rate of com-
pletion (89%) by the participants who were diagnosed with ESRD with a mean hemodial-
ysis treatment period of 6.5 years. Therefore, since intradialytic exercise rendered better
compliance/adherence among hemodialysis patients compared to protocols implemented
outside hemodialysis centers [48], we recommend that intradialytic exercise combined
with hemodialysis treatment should be integrated into clinical settings for hemodialysis
patients.

5. Conclusions

A 12-week aerobic intradialytic exercise regime is safe and feasible for hemodialysis
patients. Adding intradialytic exercise into the hemodialysis process has positive effects
on improved health-related quality of life and decreased depression in hemodialysis pa-
tients. Further study designs are suggested to evaluate whether a longer duration, higher
intensity, or different mode of exercise (such as a combination of aerobic exercise and
strength/resistance training) benefits the dialytic parameters and cardiometabolic factors
in hemodialysis.



Int. ]. Environ. Res. Public Health 2021, 18, 9205 14 of 16

Author Contributions: Conceptualization, C.-H.L. (Chia-Huei Lin), Y.-J. H., C.-H.L. (Chueh-Ho
Lin), and S.-L.C.; Data curation, P.-H.H. and Y.-L.L.; Formal analysis, C.-H.L. (Chia-Huei Lin); Fund-
ing acquisition, C.-H.L.(Chia-Huei Lin); Investigation, P.-H.H. and Y.-L.L.; Methodology, C.-
H.L.(Chia-Huei Lin), and S.-L.C.; Resources, Y.-].H.; Software, C.-H.L.(Chia-Huei Lin); Supervision,
Y.-].H.; Validation, C.-H.L. (Chueh-Ho Lin) and S.-L.C.; Writing —original draft, C.-H.L. (Chia-Huei
Lin); Writing —review & editing, C.-H.L.(Chia-Huei Lin), M.-S.L. and S.-L.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was funded by the Tri-Service General Hospital (TSGH-E-110238) and
Songshan Branch (108-31) and the Ministry of Science and Technology (grant numbers: MOST 109-
2314-B-016-041), Taipei, Taiwan.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (Reference number:
TSGHIRB: 1-108-05-070).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: The datasets used and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Saran, R.; Robinson, B.; Abbott, K.C.; Bragg-Gresham, J.; Chen, X.; Gipson, D.; Gu, H.; Hirth, R.A.; Hutton, D.; Jin, Y.; et al. US
renal data system 2019 annual data report: Epidemiology of kidney disease in the United States. Am. ]. Kidney Dis. 2020, 75
(Suppl 1), A6-A7, doi:10.1053/j.ajkd.2019.09.003.

Kaysen, G.A.; Larive, B.; Painter, P.; Craig, A.; Lindsay, R.M.; Rocco, M.V; Daugirdas, ].T.; Schulman, G.; Chertow, G.M. Base-
line physical performance, health, and functioning of participants in the Frequent Hemodialysis Network (FHN) trial. Am. J.
Kidney Dis. 2011, 57, 101-112, doi:10.1053/.ajkd.2010.08.021.

Matsuzawa, R.; Matsunaga, A.; Wang, G.; Kutsuna, T.; Ishii, A.; Abe, Y.; Takagi, Y.; Yoshida, A.; Takahira, N. Habitual physical
activity measured by accelerometer and survival in maintenance hemodialysis patients. Clin. |. Am. Soc. Nephrol. 2012, 7, 2010—
2016, d0i:10.2215/cjn.03660412.

Fan, L.; Sarnak, M.].; Tighiouart, H.; Drew, D.A.; Kantor, A.L.; Lou, K.V,; Shaffi, K.; Scott, T.M.; Weiner, D.E. Depression and
all-cause mortality in hemodialysis patients. Am. J. Nephrol. 2014, 40, 12-18.

Palmer, S.C.; Vecchio, M.; Craig, J.C.; Tonelli, M.; Johnson, D.W.; Nicolucci, A.; Pellegrini, F.; Saglimbene, V.; Logroscino, G.;
Hedayati, S.S.; et al. Association between depression and death in people with CKD: A meta-analysis of cohort studies. Am. J.
Kidney Dis. 2013, 62, 493-505, doi:10.1053/;.ajkd.2013.02.369.

Painter, P.; Clark, L.; Olausson, J. Physical function and physical activity assessment and promotion in the hemodialysis clinic:
A qualitative study. Am. |. Kidney Dis. 2014, 64, 425-433, doi:10.1053/;.ajkd.2014.01.433.

Johansen, K.L.; Kaysen, G.A.; Dalrymple, L.S.; Grimes, B.A.; Glidden, D.V.; Anand, S.; Chertow, G.M. Association of physical
activity with survival among ambulatory patients on dialysis: The comprehensive dialysis study. Clin. |. Am. Soc. Nephrol. 2013,
8, 248-253, doi:10.2215/cjn.08560812.

Heiwe, S.; Jacobson, S.H. Exercise training for adults with chronic kidney disease. Cochrane Database Syst. Rev. 2011, 10,
CD003236.

Huang, M.; Lv, A.; Wang, J.; Xu, N.; Ma, G.; Zhai, Z.; Zhang, B.; Gao, ].; Ni, C. Exercise training and outcomes in hemodialysis
patients: Systematic review and meta-analysis. Am. J. Nephrol. 2019, 50, 240-254, doi:10.1159/000502447.

MacKinnon, H.J.; Wilkinson, T.]J.; Clarke, A.L.; Gould, D.W.; O'Sullivan, T.F.; Xenophontos, S.; Watson, E.L.; Singh, S.J.; Smith,
A.C. The association of physical function and physical activity with all-cause mortality and adverse clinical outcomes in nondi-
alysis chronic kidney disease: A systematic review. Ther. Adv. Chronic Dis. 2018, 9, 209226, doi:10.1177/2040622318785575.
Ouzouni, S.; Kouidi, E.; Sioulis, A.; Grekas, D.; Deligiannis, A. Effects of intradialytic exercise training on health-related quality
of life indices in haemodialysis patients. Clin. Rehabil. 2009, 23, 53—63, doi:10.1177/0269215508096760.

Stevens, P.E.; Levin, A. Evaluation and management of chronic kidney disease: Synopsis of the kidney disease: Improving
global outcomes 2012 clinical practice guideline. Ann. Intern. Med. 2013, 158, 825-830, d0i:10.7326/0003-4819-158-11-201306040-
00007.

Avesani, C.M.; Trolonge, S.; Deleaval, P.; Baria, F.; Mafra, D.; Faxen-Irving, G.; Chauveau, P.; Teta, D.; Kamimura, M.A.; Cup-
pari, L.; et al. Physical activity and energy expenditure in haemodialysis patients: An international survey. Nephrol. Dial Transpl.
2012, 27, 2430-2434, doi:10.1093/ndt/gfr692.

Kim, J.C,; Shapiro, B.B.; Zhang, M.; Li, Y.; Porszasz, J.; Bross, R.; Feroze, U.; Upreti, R.; Kalantar-Zadeh, K.; Kopple, ].D. Daily
physical activity and physical function in adult maintenance hemodialysis patients. J. Cachexia Sarcopenia Muscle 2014, 5, 209
220, d0i:10.1007/s13539-014-0131-4.



Int. ]. Environ. Res. Public Health 2021, 18, 9205 15 of 16

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.
33.

34.

35.

36.

37.

38.

39.
40.

41.

Delgado, C.; Johansen, K.L. Barriers to exercise participation among dialysis patients. Nephrol. Dial Transpl. 2012, 27, 1152-1157,
doi:10.1093/ndt/gfr404.

Hannan, M.; Bronas, U.G. Barriers to exercise for patients with renal disease: An integrative review. J. Nephrol. 2017, 30, 729—
741, doi:10.1007/s40620-017-0420-z.

Wang, X.X,; Lin, ZH.; Wang, Y.; Xu, M.C.; Kang, Z.M.; Zeng, W.; Ma, Y.C. Motivators for and barriers to exercise rehabilitation
in hemodialysis centers: A  multicenter cross-sectional survey. Am. J. Phys. Med. Rehabil. 2019,
do0i:10.1097/phm.0000000000001360.

McKenna, C.F,; Salvador, A.F.; Hendriks, F.K.; Harris, A.P.; van Loon, L.J.; Burd, N.A. Exercising to offset muscle mass loss in
hemodialysis patients: The disconnect between intention and intervention. Semin. Dial. 2019, 32, 379-385, d0i:10.1111/sdi.12805.
Coll-Fernandez, R.; Coll, R.; Mufioz-Torrero, J.F.; Aguilar, E.; Ramén Alvarez, L.; Sahugquillo, J.C.; Yeste, M.; Jiménez, P.E.; Mu-
jal, A.; Monreal, M. Supervised versus non-supervised exercise in patients with recent myocardial infarction: A propensity
analysis. Eur. ]. Prev. Cardiol. 2016, 23, 245-252, d0i:10.1177/2047487315578443.

Mataran-Penarrocha, G.A.; Lara Palomo, I.C.; Antequera Soler, E.; Gil-Martinez, E.; Fernandez-Sanchez, M.; Aguilar-Ferrandiz,
M.E.; Castro-Sanchez, A.M. Comparison of efficacy of a supervised versus non-supervised physical therapy exercise program
on the pain, functionality and quality of life of patients with non-specific chronic low-back pain: A randomized controlled trial.
Clin. Rehabil 2020, 34, 948-959, d0i:10.1177/0269215520927076.

Herzog, C.A.; Mangrum, ].M.; Passman, R. Sudden cardiac death and dialysis patients. Semnin. Dial. 2008, 21, 300-307.

Jung, H.Y.; Choi, H.; Choi, ].Y.; Cho, ].H.; Park, S.H.; Kim, C.D.; Ryu, D.R,; Kim, Y.L. Dialysis modality-related disparities in
sudden cardiac death: Hemodialysis versus peritoneal dialysis. Kidney Res. Clin. Pract. 2019, 38, 490-498,
doi:10.23876/j.krcp.19.034.

Genovesi, S.; Boriani, G.; Covic, A.; Vernooij RW.M.; Combe, C.; Burlacu, A.; Davenport, A.; Kanbay, M.; Kirmizis, D.;
Schneditz, D.; et al. Sudden cardiac death in dialysis patients: Different causes and management strategies. Nephrol. Dial Transpl.
2019, doi:10.1093/ndt/gfz182.

Pun, P.H.; Smarz, T.R.; Honeycutt, E.F.; Shaw, L.K.; Al-Khatib, S.M.; Middleton, J.P. Chronic kidney disease is associated with
increased risk of sudden cardiac death among patients with coronary artery disease. Kidney Int. 2009, 76, 652-658,
d0i:10.1038/ki.2009.219.

Salhab, N.; Karavetian, M.; Kooman, ].; Fiaccadori, E.; El Khoury, C.F. Effects of intradialytic aerobic exercise on hemodialysis
patients: A systematic review and meta-analysis. ]. Nephrol. 2019, 32, 549-566, d0i:10.1007/540620-018-00565-z.

Chung, Y.C,; Yeh, M.L,; Liu, Y.M. Effects of intradialytic exercise on the physical function, depression and quality of life for
haemodialysis patients: A systematic review and meta-analysis of randomised controlled trials. ]. Clin. Nurs. 2017, 26, 1801-
1813, doi:10.1111/jocn.13514.

Pu, J.; Jiang, Z.; Wu, W,; Li, L.; Zhang, L.; Li, Y.; Liu, Q.; Ou, S. Efficacy and safety of intradialytic exercise in haemodialysis
patients: A systematic review and meta-analysis. BV Open 2019, 9, €020633, doi:10.1136/bmjopen-2017-020633.

Gomes Neto, M.; de Lacerda F.F.R.; Lopes, A.A.; Martinez, B.P.; Saquetto, M.B. Intradialytic exercise training modalities on
physical functioning and health-related quality of life in patients undergoing maintenance hemodialysis: Systematic review and
meta-analysis. Clin. Rehabil. 2018, doi:10.1177/0269215518760380.

Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G* Power 3: A flexible statistical power analysis program for the social, behav-
ioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175-191.

Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155-159, doi:10.1037//0033-2909.112.1.155.

American College of Sports Medicine. ACSM’s guidelines for exercise testing and prescription. Lippincott Williams & Wilkins: Phil-
adelphia, PA, USA, 2018.

Borg, G.A. Psychophysical bases of perceived exertion. Med. Sci. Sports Exerc. 1982, 14, 377-381.

Stevens, L.A.; Coresh, J.; Greene, T.; Levey, A.S. Assessing kidney function —Measured and estimated glomerular filtration rate.
N. Engl. ]. Med. 2006, 354, 2473-2483.

Chiang, S.-L.; Shen, C.-L.; Chen, L.-C.; Lo, Y.-P.; Lin, C.-H.; Lin, C.-H. Effectiveness of a home-based telehealth exercise training
program for patients with cardiometabolic multimorbidity: A randomized controlled trial. J. Cardiovasc. Nurs. 2020, 35, 491-501.
Lin, C.-H.; Chiang, S.-L.; Heitkemper, M.M.; Hung, Y.-J.; Lee, M.-S.; Tzeng, W.-C.; Chiang, L.-C. Effects of telephone-based
motivational interviewing in lifestyle modification program on reducing metabolic risks in middle-aged and older women with
metabolic syndrome: A randomized controlled trial. Int. |. Nurs. Stud. 2016, 60, 12-23.

Ware, J.; Kosinski, M.; Keller, S. SF-36 Physical & Mental Health Summary Scales: A Manual for Users. QualityMetric: Cornell
University, USA, 2001.

Beck, A.T.; Ward, C.H.; Mendelson, M.; Mock, J.; Erbaugh, J. An inventory for measuring depression. Arch. Gen. Psychiatry 1961,
4, 561-571.

Wang, Z.; Yuan, C.-M.; Huang, J.; Li, Z.-Z.; Chen, J.; Zhang, H.-Y.; Fang, Y.-R.; Xiao, Z.-P. Reliability and validity of the Chinese
version of Beck Depression Inventory-II among depression patients. Chin. Mental Health J. 2011, 25, 476-480.

Zeger, S.L.; Liang, K.Y. Longitudinal data analysis for discrete and continuous outcomes. Biometrics 1986, 42, 121-130.
McGuire, S.; Horton, E.J.; Renshaw, D.; Jimenez, A.; Krishnan, N.; McGregor, G. Hemodynamic instability during dialysis: The
potential role of intradialytic exercise. Biomed. Res. Int. 2018, doi:10.1155/2018/8276912.

Makhlough, A; Ilali, E.; Mohseni, R.; Shahmohammadi, S. Effect of intradialytic aerobic exercise on serum electrolytes levels in
hemodialysis patients. Iran. . Kidney Dis. 2012, 6, 119-123.



Int. ]. Environ. Res. Public Health 2021, 18, 9205 16 of 16

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Zhang, L.; Wang, Y.; Xiong, L.; Luo, Y.; Huang, Z.; Yi, B. Exercise therapy improves eGFR, and reduces blood pressure and BMI
in non-dialysis CKD patients: Evidence from a meta-analysis. BMC Nephrol. 2019, 20, 398, d0i:10.1186/s12882-019-1586-5.
Sheng, K.; Zhang, P.; Chen, L.; Cheng, J.; Wu, C.; Chen, J. Intradialytic exercise in hemodialysis patients: A systematic review
and meta-analysis. Am. ]. Nephrol. 2014, 40, 478-490, d0i:10.1159/000368722.

Ookawara, S.; Miyazawa, H.; Ito, K.; Ueda, Y.; Kaku, Y.; Hirai, K.; Hoshino, T.; Mori, H.; Yoshida, I.; Morishita, Y.; et al. Blood
volume changes induced by low-intensity intradialytic exercise in long-term hemodialysis patients. ASAIO ]. 2016, 62, 190-196,
do0i:10.1097/mat.0000000000000320.

Battista, F.; Ermolao, A.; van Baak, M.A.; Beaulieu, K.; Blundell, ].E.; Busetto, L.; Carraca, E.V.; Encantado, J.; Dicker, D.; Farpour-
Lambert, N.; et al. Effect of exercise on cardiometabolic health of adults with overweight or obesity: Focus on blood pressure,
insulin resistance, and intrahepatic fat-A systematic review and meta-analysis. Obes. Rev. 2021, €13269, doi:10.1111/0obr.13269.
Lin, X.; Zhang, X.; Guo, J.; Roberts, C.K.; McKenzie, S.; Wu, W.C,; Liu, S.; Song, Y. Effects of exercise training on cardiorespira-
tory fitness and biomarkers of cardiometabolic health: A systematic review and meta-analysis of randomized controlled trials.
J. Am. Heart Assoc. 2015, 4, doi:10.1161/jaha.115.002014.

De Strijcker, D.; Lapauw, B.; Ouwens, D. M.; Van de Velde, D.; Hansen, D.; Petrovic, M.; Cuvelier, C.; Tonoli, C.; Calders, P.
High intensity interval training is associated with greater impact on physical fitness, insulin sensitivity and muscle mitochon-
drial content in males with overweight/obesity, as opposed to continuous endurance training: A randomized controlled trial. J.
Musculoskelet. Neuronal Interact 2018, 18, 215-226.

Andrade, F.P.; de Souza Rezende, P.; de Souza Ferreira, T.; Borba, G.C.; Miiller, A.M.; Rovedder, P.M.E. Effects of intradialytic
exercise on cardiopulmonary capacity in chronic kidney disease: Systematic review and meta-analysis of randomized clinical
trials. Sci. Rep. 2019, 9, 1-7.

Song, Y.Y.; Hu, RJ.; Diao, Y.S.; Chen, L.; Jiang, X.L. Effects of exercise training on restless legs syndrome, depression, sleep
quality, and fatigue among hemodialysis patients: A systematic review and meta-analysis. ]. Pain Symptom. Manag. 2018, 55,
1184-1195, doi:10.1016/j.jpainsymman.2017.12.472.

Gutiérrez-Peredo, G.B. Functional dependence and the mental dimension of quality of life in Hemodialysis patients: The PRO-
HEMO study. Health Qual. Life Outcomes 2020, 18, 234.

Lopes, A.A.; Bragg, J.; Young, E.; Goodkin, D.; Mapes, D.; Combe, C.; Piera, L.; Held, P.; Gillespie, B.; Port, F.K; et al. Depression
as a predictor of mortality and hospitalization among hemodialysis patients in the United States and Europe. Kidney Int. 2002,
62, 199-207, doi:d0i:10.1046/j.1523-1755.2002.00411.x.



