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Background: Hemodialysis patients with chronic kidney disease exhibit impaired exercise tolerance and functional decline. Despite 
the life-saving benefits of adequate dialysis, those declines translate into frailty and deteriorating quality of life (QoL). This study evalu-
ated the effects of an intradialytic aerobic exercise program on frailty, dialysis adequacy, and QoL among hemodialysis patients. 
Methods: Patients at an university hospital-affiliated hemodialysis center were randomly assigned to an exercise group (n = 18) or a 
control group (n = 21). The 12-week aerobic exercise program comprised 40 to 70 minutes of ergometer cycling 3 times/wk and a 
single education session. The control group completed only the education session. Outcomes were assessed at the time of enroll-
ment, week 4, week 8, and week 12 using Fried’s frailty phenotype measures (gait speed, grip strength, vitality, body mass index, and 
physical activity), the short physical performance battery (SPPB), Kt/V urea, and the Short Form-36 questionnaire. 
Results: There were significant interactions between groups and follow-up times in the frailty score (p < 0.001), gait speed (p < 
0.001), SPPB (p < 0.001), and mental QoL (p = 0.03). The intention-to-treat and per-protocol analyses revealed that the exercise 
group exhibited significant improvements in frailty score (p < 0.001), gait speed (p < 0.001), grip strength (p < 0.001), exhaustion (p 
= 0.02), SPPB (p = 0.01), dialysis adequacy (p = 0.01), and physical QoL (p = 0.003). 
Conclusion: An intradialytic aerobic exercise program could be a safe, feasible, and appropriate additional strategy to routine care 
among hemodialysis patients for improvements in frailty, dialysis adequacy, and QoL. 
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Introduction 

The survival of patients undergoing hemodialysis has been 

improved by advances in hemodialysis therapy, standard 

expert practice, and affordable national healthcare sup-

port [1]. However, hemodialysis patients still experience 

physical and psychosocial burdens from living with chron-

ic kidney disease [2]. Despite the life-saving benefits of 

adequate dialysis, the uremic milieu continues to impair 

bodily functions and structures, leading to exercise intol-

erance, impaired mobility, and disability among hemodi-

alysis patients [3]. Those burdens predispose hemodialysis 

patients to adverse behaviors, such as a lack of motivation, 

sedentary lifestyle, and reduced physical activity, which 

can translate into frailty, which is known to affect approx-

imately one-half of hemodialysis patients [2–4]. Frailty is 

a geriatric syndrome characterized as a multidimensional 

construct (slow gait speed, muscle weakness, exhaustion, 

weight loss, and low physical activity) [5]. 

Intradialytic aerobic exercise for hemodialysis patients 

improves aerobic capacity, muscular functioning, cardio-

vascular function, walking capacity, dialysis adequacy, and 

quality of life (QoL) without any adverse effects in clinical 

practice, although the structure of the intradialytic exercise 

varied widely in intensity, frequency, and duration [6–8]. 

Therefore, intradialytic aerobic exercise is recommended 

as a safe, feasible, and appropriate way to enhance phys-

ical functioning and QoL [9] that is associated with a low 

dropout rate, no need to find extra time for exercise, good 

compliance, and supervision by dialysis experts. However, 

it does have the drawbacks of adding to the workload of 

dialysis care providers, and its adoption into routine care 

has been slow [4,6,7]. The coexistence of frailty and dialysis 

markedly aggravates functional declines and health in all 

age groups [2]. Low physical activity contributes directly 

and indirectly to the development of frailty, and increased 

physical activity can prevent or reverse frailty, a non-per-

manent progressive condition that reflects physical perfor-

mance and QoL [10,11]. However, few controlled trials have 

rigorously explored the effects of an intradialytic aerobic 

exercise program on the multidimensional nature of frailty 

among hemodialysis patients in Korea. Therefore, in this 

study, we evaluated the effects of an intradialytic aerobic 

exercise program on frailty, dialysis adequacy, and QoL 

among Korean hemodialysis patients. 

Methods 

Participants and setting 

A sample of 42 hemodialysis patients was enrolled at a 

university hospital-affiliated hemodialysis center. All par-

ticipants were undergoing regular hemodialysis (3 times/

wk for 3–4 hours per session) with bicarbonate dialysate. 

The eligibility criteria were the age of ≥18 years, hemodi-

alysis duration of ≥3 months for dialysis adjustment, no 

perfusion problems through an arteriovenous fistula to 

maintain adequate blood flow (250 mL/min), no severe 

hemodialysis-related complications, no history of com-

pleting an intradialytic aerobic exercise program (3 times/

wk), the ability to use a cycle ergometer while lying in the 

dialysis bed, and the cognitive ability to read and compre-

hend the questionnaire. To minimize exercise-related risks, 

participants were excluded if they had a history of mental 

illness, any cardiac risk factors (myocardial infarction, an-

gina pain, or uncontrolled hypertension), musculoskeletal 

risk factors, or a diagnosis of glaucoma during the previous 

6 months. The required sample size was 18 patients/group 

using a repeated-measures within–between interaction 

model (α = 0.05, 1 – β = 0.8, effect size = 0.35, correlation 

among repeated measures = 0.5, non-sphericity correction 

ε = 0.5). To account for dropouts, 42 eligible hemodialysis 

patients from six sequentially numbered coupled dialysis 

shifts were enrolled and randomly assigned to either the 

exercise group (n = 21) or the control group (n = 21). Giv-

en the design of the exercise program, the participants, 

researchers, and dialysis care providers were not blinded. 

The exercise group completed a 12-week program of intra-

dialytic aerobic exercise and a single education session (n = 

18), while the control group completed only the education 

session (n = 21). In the exercise group, one patient dropped 

out because of exhaustion after week 4, and two patients 

missed their dialysis appointments after week 8 (Fig. 1). 

Ethical considerations 

The study protocol was approved by the Institutional Re-

view Board of Bundang CHA Medical Center (No. BD2015-

095) and registered at a primary national clinical trial 

registration site (https://cris.nih.go.kr/cris/index.jsp; regis-

tration No., KCT0006774). All participants provided written 
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informed consent before being enrolled. The researchers 

provided the participants with information regarding the 

study’s aims and methods, the right to withdraw at any 

time without reprisal, and their right to privacy. 

Intradialytic aerobic exercise program 

An intradialytic aerobic exercise program was developed 

based on the literature and previous studies [4,11–14]. The 

content of the exercise program was validated by a group 

of experts: three nephrologists, two dialysis nursing spe-

cialists, and a nursing professor with 10-year experience 

in nephrology nursing (content validity index = 0.95). The 

researchers performed an initial feasibility study with three 

hemodialysis patients to standardize the intradialytic cycle 

ergometer exercise program and ensure its safety; those 

patients also provided informed consent. The preliminary 

findings indicated that the intradialytic exercise program, 

which consisted of warm-up, cycle ergometer exercise, and 

cool-down stages, was feasible, safe, and tolerable. 

The exercise program began with a 50-minute education 

session called “Exercise guide for patients undergoing he-

modialysis,” with sections titled “Exercise and its effects on 

health,” “Hemodialysis patients can do exercise,” “Types of 

Assessed for eligibility (n = 100)

Randomized (n = 42)

Follow-up at week 4 

Allocation

Follow-up at week 8

Follow-up at week 12

Lost to follow up (n = 0)

Lost to follow up (n = 0)

Lost to follow up (exhaustion, n = 1)

Lost to follow up (missed dialysis, n = 2)

Allocated to the control group (n = 21)
• Received one educational session

Analyzed per protocol (n = 21)
Analyzed per intention-to-treat (n = 21)

Allocated to the exercise group (n = 21)
• Received an intradialytic cycle ergometer 

exercise program and one educational 
session

Analyzed per protocol (n = 18)
Analyzed per intention-to-treat (n = 21)

Excluded (n = 58)
• Not meeting inclusion criteria (n = 44)
• Declined to participate (n = 14)

Figure 1. Consolidated standards for reporting trials flow diagram.
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exercise for people undergoing hemodialysis,” “Principles 

of exercise,” “Making exercise part of your life,” and “Be-

havioral change” to boost participant understanding of the 

intervention [12]. The 12-week aerobic exercise program 

involved 40 to 70 minutes of ergometer cycling 3 times/

wk. Each exercise session comprised a stretching warm-

up phase (5 minutes), the main exercise phase (30–60 

minutes), and a cool-down phase (5 minutes). During the 

warm-up phase, the participants completed 10 cycles of 

neck/arm/hand stretches, shoulder shrugs and rotations, 

chest and upper back stretching exercises, single knee 

pulls, front and back leg stretches, and calf stretches [12,13]. 

During the main phase, the cycle ergometer exercise was 

safely performed during the first 1 to 1.5 hours of each di-

alysis session without cardiac decompensation. The leg er-

gometer (Mbike; Hong Jin Company, Shanghai, China) was 

fixed at the foot of the patients’ beds to allow them to pedal 

while remaining in the supine position during dialysis [4]. 

Exercise intensity was individually determined based on 

the rate of perceived exertion from the Borg scale, with a 

gradual increase from very light/light intensity (score of 7–9 

for 5 minutes) to somewhat hard/hard intensity (score of 

12–15 for 20–50 minutes) and then a decrease again to very 

light/light intensity (score of 7–9 for 5 minutes) [12,13,15]. 

Intermittent breaks were permitted during the exercise 

to prevent exhaustion and blood pressure elevation. The 

cool-down phase involved 10 cycles of arm, shoulder, and 

leg stretches in a 5-minute period. The control group com-

pleted only the education session after the baseline mea-

surements. 

All participants’ exercise durations and intensities during 

each session were supervised by nephrologists, dialysis 

nurses, and researchers to ensure that all hemodialysis-re-

lated and exercise-related parameters remained stable and 

safe (blood pressure, heart rate, pulse oxygen saturation, 

and the overexertion symptoms of fainting, chest pain, 

dyspnea, abdominal pain, nausea, vomiting, muscle pain, 

joint pain, etc.), based on the protocols of previous studies 

[4,14]. 

Measurements of study outcomes 

Demographic, dialytic, and clinical assessments 
Data regarding the participants’ demographic characteris-

tics were collected using a self-administered questionnaire. 

Hemodialysis-related and clinical data were collected from 

the patients’ electronic medical records at the time of en-

rollment. Each participant’s Charlson’s comorbidity index 

was calculated (http://touchcalc.com/calculators/cci_

js). Body composition parameters (skeletal muscle mass, 

body fat, and lower leg muscle) were measured with a body 

composition analyzer (Inbody S10; InBody Corp., Ltd., 

Seoul, Korea) using the direct segmental measurement 

bioelectrical impedance method at the time of enrollment 

and week 12 of the exercise program.  

Frailty stage based on the Fried phenotype and the short 
physical performance battery measurements 
Frailty was assessed using Fried’s frailty phenotype (gait 

speed, grip strength, vitality, body mass index, and phys-

ical activity) [5]. Each factor is scored as 1 (present) or 0 

(absent): gait speed of <0.8 m/sec [16], grip strength of <30 

kg for men or <20 kg for women [17], vitality score of <55 

from the Short Form-36 (SF-36) tool, body mass index of 

≤18.5 kg/m2 [5], and light physical activity for <30 minutes 

on 5 days of the week or moderate physical activity for 

<150 min/wk [18]. Patients with a score of ≥3 (i.e., three or 

more factors present) are considered frail [4]. A stopwatch 

was used to measure the participants’ 4-m gait speeds at a 

comfortable pace on a flat and straight surface. Maximum 

handgrip strength was evaluated in kilograms using a 

handheld dynamometer (JAMAR Hydraulic Hand Dyna-

mometer; Patterson Medical Ltd., Chicago, IL, USA). All 

measurements were performed 1 hour after the hemodi-

alysis session at the time of enrollment and at weeks 4, 8, 

and 12. 

The validated short physical performance battery (SPPB) 

is based on scores of 0 to 4 points in three sections (balance, 

gait speed, and chair stand test), with a maximum score of 

12, a minimum score of 0, and scores classified as normal 

mobility function (≥10 points) and frail mobility function 

(<10 points) [18]. Cronbach’s alpha value for the SPPB in 

this study was 0.83. The SPPB values were determined 1 

hour after the hemodialysis session at the time of enroll-

ment and at weeks 4, 8, and 12. 

Dialysis adequacy 
Hemodialysis adequacy was evaluated using Kt/V urea at 

the time of enrollment and at weeks 4, 8, and 12 of the ex-

ercise program. 
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Quality of life-based on the Short Form-36 questionnaire 
Quality Metrics (https://www.qualitymetric.com) pro-

vided the validated Korean edition (version 2) of the SF-

36 questionnaire (license No. QM027199), which contains 

eight multi-item scales that generate a physical component 

summary (PCS) score and a mental component summary 

(MCS) score. Those scores are transformed linearly into a 

0 to 100-point scale, with higher scores indicating better 

health [19]. The Cronbach’s alpha value was 0.82. The QoL 

values were evaluated at the time of enrollment and at 

weeks 4, 8, and 12. 

Data analysis 

All data were analyzed using IBM SPSS version 23 (IBM 

Corp., Armonk, NY, USA). Data normality was determined 

using the Shapiro-Wilk test. The baseline characteristics of 

the two groups were compared using the chi-square test, 

Fisher exact test, or unpaired t test. Outcome data were an-

alyzed using the chi-square test, analysis of covariance, and 

repeated-measures analysis of covariance with Bonferroni 

correction. If the data failed Mauchly’s sphericity assump-

tion, the results are presented using Greenhouse-Geisser 

correction method. The Mann-Whitney U test was used for 

the intention-to-treat analysis with multiple imputations 

(regression method). 

Results 

Participant homogeneity 

The exercise and control group participants were homog-

enous except for the significantly lower dialysis vintage in 

the exercise group (p = 0.004) (Table 1).  

Changes in the incidence of frailty and body composition 
parameters  

At baseline, the exercise and control groups had similar 

incidences of frailty. After 12 weeks, the exercise group had 

less frailty as reflected by Fried’s frailty score (p < 0.001), 

gait speed (p < 0.001), physical activity (p < 0.001), exhaus-

tion (p = 0.002), and SPPB score (p = 0.002) (Table 2). The 

body composition parameters showed no significant im-

provements (Table 2). 

Within- and between-group interaction effects on frailty, 
dialysis adequacy, and quality of life 

At baseline, the exercise and control groups had similar 

frailty scores, SPPB scores, and QoL scores. There was a 

significant interaction in the overall frailty score (p < 0.001), 

gait speed (p < 0.001), and SPPB score (p < 0.001). The 

exercise group had a significant interaction in the overall 

MCS score (p = 0.03) (Table 3). 

Differences in frailty, dialysis adequacy, and quality of life 
according to the intention-to-treat and per-protocol anal-
yses 

The intention-to-treat and per-protocol analyses revealed 

that the exercise group exhibited significant improvements 

in the overall frailty score (p < 0.001, p < 0.001), gait speed (p 

< 0.001, p < 0.001), grip strength (p < 0.001, p < 0.001), ex-

haustion (p = 0.02, p = 0.02), SPPB score (p = 0.04, p = 0.01), 

dialysis adequacy (p = 0.01, p = 0.01), and PCS score (p = 

0.005, p = 0.003) (Table 4). 

Discussion 

This study determined whether an intradialytic aerobic 

exercise program could improve frailty, dialysis adequacy, 

and QoL for hemodialysis patients. 

Education and counseling are required to increase phys-

ical activity and drive behavioral change in hemodialysis 

patients [4]. However, a single 50-minute education session 

about physical activity did not reduce the incidence of frail-

ty in the control group. In contrast, the exercise group had 

fewer cases of frailty after the program, as shown by Fried’s 

frailty score (0% vs. 66.7%), as well as its parameters of gait 

speed (5.6% vs. 66.7%) and exhaustion (38.9% vs. 90.5%) 

and the SPPB score (0.0% vs. 41.9%). Although this intradi-

alytic aerobic exercise program did not entirely reverse the 

frailty phenotype, physical exercise could be essential for 

reducing frailty in hemodialysis patients. 

Estimates of body composition can be more informative 

than the body mass index in hemodialysis patients, espe-

cially when considering physical performance rather than 

nutritional status [20]. We found no significant changes in 

skeletal muscle, leg muscle, or fat mass values in the ex-

ercise or control group. This result is consistent with that 
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Table 1. Homogeneity test for demographic, dialytic, and clinical characteristics (n = 39)
Characteristic Exercise group Control group χ2 or t p-value
Demographic characteristic
 No. of patients 18 21
 Age (yr) 57.61 ± 13.69 56.76 ± 12.32 0.20 0.84
 Sex
  Male 10 (55.6) 10 (47.6) 0.24 0.62
  Female 8 (44.4) 11 (52.4)
 Spouse
  Yes 17 (94.4) 18 (85.7) 0.80 0.61a

  No 1 (5.6) 3 (14.3)
 Educational level
  ≤High school 10 (55.6) 16 (76.2) 1.86 0.17
  ≥College 8 (44.4) 5 (23.8)
 Job
  Full time 3 (16.7) 3 (14.3) 1.42 0.49
  Part time 3 (16.7) 7 (33.3)
  None 12 (66.7) 11 (52.4)
 Religion
  Yes 14 (77.8) 12 (57.1) 1.86 0.31a

  No 4 (22.2) 9 (42.9)
 Health insurance
  National 15 (83.3) 16 (76.2) 0.30 0.70a

  Medicaid 3 (16.7) 5 (23.8)
 Monthly income ($)
  <2,000 12 (66.7) 18 (85.7) 1.98 0.26a

  ≥2,000 6 (33.3) 3 (14.3)
Dialysis-related characteristic
 Hemodialysis vintage (yr) 2.38 ± 2.72 5.74 ± 3.99 –3.10 0.004
 Dialysis duration/session (min) 223.61 ± 17.81 228.10 ± 19.14 0.75 0.46
 Blood flow rate (mL/min) 281.67 ± 23.58 276.19 ± 24.39 0.71 0.48
 Dialysate flow rate (mL/min) 516.67 ± 70.71 571.43 ± 130.93 1.67 0.11
 Dialyzer efficacy
  High 12 (66.7) 17 (81.0) 2.26 0.32a

  Medium 5 (27.8) 2 (9.5)
  Low 1 (5.6) 2 (9.5)
 Fistula type
  Arteriovenous fistula 16 (88.9) 16 (76.2) 
  Arteriovenous graft 2 (11.1) 5 (23.8) 1.06 0.42a

Clinical characteristic
 Hemoglobin (g/dL) 10.70 ± 1.18 10.25 ± 1.04 –1.27 0.21
 Albumin (g/dL) 3.87 ± 0.18 3.77 ± 0.49 –0.92 0.37
 Calcium (mg/dL) 8.65 ± 0.65 8.77 ± 0.67 –0.58 0.57
 Phosphorus (mg/dL) 5.04 ± 1.32 4.81 ± 1.50 0.48 0.62
 Potassium (mEq/L) 5.10 ± 0.71 4.69 ± 0.68 1.80 0.08
 Creatinine (mg/dL) 10.09 ± 2.44 10.38 ± 2.21 –0.38 0.71
 Urea reduction ratio (%) 74.78 ± 3.83 74.98 ± 4.00 0.16 0.88
 Cause of renal failure
  Diabetes 7 (38.9) 11 (52.4) 0.82 0.70a

  Hypertension 7 (38.9) 6 (28.6)
  Others 4 (22.2) 4 (15.1)
 Charlson comorbidity index 5.33 ± 2.35 5.14 ± 2.26 0.26 0.80
 Dry body weight (kg) 58.95 ± 10.30 56.57 ± 9.95 0.73 0.47
Data are expressed as number only, mean ± standard deviation, or numer (%).
aFisher exact test.
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of another study, wherein appendicular muscle mass and 

other body composition parameters did not improve after 

a 4-month program of cycle ergometer exercise [21]. Addi-

tional research is needed to determine whether prolonged 

exercise or aerobic exercise with various sessions, dura-

tions, and intensities might be useful for increasing body 

muscle in hemodialysis patients. 

The only noticeable baseline difference between the 

exercise and control groups was their baseline dialysis 

vintage, which influences functioning, frailty, and QoL 

[3,11]. Because we did not achieve selection balance, dial-

ysis vintage should be considered a confounding variable 

to determine the within–between interaction effects. The 

exercise group experienced significant improvements in 

the average frailty score (f = 0.78), average gait speed (f = 

0.93), and SPPB score (f = 0.45) during the 12-week pro-

gram. These results agree with those of a previous report 

that a 6-week predialysis exercise training program (20 

min/session) improved normal gait speed, fast gait speed, 

and sit-to-stand performance [22]. Another intradialytic 

program combining cardiovascular exercise (supine cycle 

ergometer) and resistance exercise also improved physical 

capacity in terms of the timed up-and-go, sit-to-stand, and 

gait speed outcomes [23]. A 4-month intradialytic cycle 

ergometer exercise program facilitated an increase in walk-

ing distance [21]. Gait speed is a sensitive health indicator 

that has been called the 6th vital sign among hemodialysis 

patients [16,24]. In the present study, both the exercise and 

control groups had limited gait speeds at baseline [3,24]. 

A change of 0.1 m/sec in gait speed reflects a meaningful 

Table 2. Changes in the incidence of frailty and body composition parameters (n = 39)

Variable
Baseline In 12 wk

Exercise group 
(n = 18)

Control group 
(n = 21) χ2 or F p-value Exercise group 

(n = 18)
Control group 

(n = 21) χ2 or F p-value

Frailty (score)
 Not frail, 0–2 10 (55.6) 9 (42.9) 0.63 0.53 18 (100) 7 (33.3) 18.72 <0.001a

 Frail, 3–5 8 (44.4) 12 (57.1) 0 (0) 14 (66.7)
Frailty phenotype
 Gait speed (m/sec)
  Not frail, ≥0.8 12 (66.7) 11 (52.4) 0.82 0.52 17 (94.4) 7 (33.3) 15.29 <0.001a

  Frail, <0.8 6 (33.3) 10 (47.6) 1 (5.6) 14 (66.7)
 Grip strength (kg)
  Not frail, M: ≥30 and F: ≥20 6 (33.3) 12 (57.1) 2.21 0.20 10 (55.6) 7 (33.3) 1.95 0.21
  Frail, M: <30 and F: <20 12 (66.7) 9 (42.9) 8 (44.4) 14 (66.7)
 Physical activity
  Not frail 10 (55.6) 7 (33.3) 1.95 0.21 18 (100) 7 (33.3) 18.72 <0.001a

  Frail 8 (44.4) 14 (66.7) 0 (0) 14 (66.7)
 Exhaustion (vitality, score)
  Not frail, ≥55 6 (33.3) 5 (23.8) 0.43 0.72a 11 (61.1) 2 (9.5) 11.61 0.002a

  Frail, <55 12 (66.7) 16 (76.2) 7 (38.9) 19 (90.5)
 Weight loss, BMI (kg/m2)
  Not frail, >18.5 16 (88.9) 17 (81.0) 0.47 0.67a 17 (94.4) 17 (81.0) 1.58 0.35a

  Frail, ≤18.5 2 (11.1) 4 (19.0) 1 (5.6) 4 (19.0)
SPPB (score)
 Not frail, 10–12 14 (77.8) 14 (66.7) 0.59 0.497a 18 (100) 12 (57.1) 10.03 0.002a

 Frail, <10 4 (22.2) 7 (33.3) 0 (0) 9 (41.9)
Skeletal muscle mass (kg) 25.46 ± 4.80 24.32 ± 4.16 0.15 0.71 25.47 ± 4.85 23.17 ± 4.71 0.79 0.37b

Body fat (%) 21.17 ± 7.85 22.21 ± 9.99 0.03 0.86 21.82 ± 7.84 24.11 ± 9.23 0.43 0.52b

Lower leg muscles (kg) 15.42 ± 3.70 14.16 ± 3.51 1.23 0.27 13.79 ± 3.10 12.51 ± 2.59 0.80 0.38b

Data are expressed as number (%) or mean ± standard deviation.
BMI, body mass index; F, female; M, male; SPPB, short physical performance battery.
aFisher exact test, banalysis of covariance adjusted for dialysis vintage.
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Table 3. Within- and between-group interaction effects on frailty, dialysis adequacy, and quality of life (n = 39)

Variable Time (wk) Exercise group 
(n = 18)

Control group 
(n = 21) F p-value

Repeated measures of ANCOVA
F p-value η₂ (f)

Frailty (score)a Baseline 2.22 ± 1.22 2.52 ± 0.87 0.35 0.56 Time 1.80 0.17d 0.048
4th 1.33 ± 1.14c 2.95 ± 1.02 17.52 <0.001 Group 18.55 <0.001 0.340
8th 1.11 ± 0.90c 3.05 ± 1.02 26.47 <0.001 T*G 21.74 <0.001d 0.376 (0.78)
12th 0.94 ± 0.93c 3.10 ± 1.04 34.71 <0.001

Gait speed (m/sec) Baseline 0.89 ± 0.22 0.83 ± 0.24 0.21 0.65 Time 8.18 0.003d 0.185
4th 1.14 ± 0.30c 0.76 ± 0.22 11.88 0.001 Group 12.64 0.001 0.260
8th 1.18 ± 0.31c 0.72 ± 0.19 20.23 <0.001 T*G 32.2 <0.001d 0.464 (0.93)
12th 1.21 ± 0.31c 0.71 ± 0.19 24.26 <0.001

Grip strength (kg) Baseline 23.58 ± 9.79 26.10 ± 8.83 1.27 0.27 Time 1.92 0.15d 0.051
4th 24.00 ± 9.16 21.13 ± 9.51 0.18 0.68 Group 0.05 0.83 0.001
8th 25.28 ± 8.45 22.40 ± 9.78 0.52 0.48 T*G 9.73 <0.001d 0.213 (0.52)
12th 25.61 ± 8.88 22.07 ± 8.41 0.75 0.39

Exhaustion (vitality in SF-36, score) Baseline 48.46 ± 12.80 46.24 ± 10.79 1.27 0.27 Time 1.17 0.33 0.031
4th 53.16 ± 12.06 44.11 ± 9.78 7.60 0.009 Group 9.96 0.003 0.217
8th 53.66 ± 8.99 41.68 ± 8.34 15.08 <0.001 T*G 2.27 0.09 0.059 (0.25)
12th 53.82 ± 10.06 43.26 ± 6.80 12.38 0.001

Weight loss (BMI, kg/m2) Baseline 21.55 ± 2.31 21.68 ± 3.06 0.03 0.88 Time 3.35 0.05d 0.085
4th 21.53 ± 2.16 21.68 ± 3.02 0.03 0.86 Group 0.03 0.88 0.001
8th 21.53 ± 2.01 21.64 ± 2.77 0.04 0.84 T*G 1.67 0.20d 0.044 (0.21)
12th 21.58 ± 1.98 21.79 ± 3.01 0.24 0.63

SPPB (score)b Baseline 10.67 ± 1.61 10.10 ± 2.02 0.07 0.79 Time 4.31 0.03d 0.009
4th 11.56 ± 0.98c 9.52 ± 2.06 8.73 0.005 Group 8.73 0.006 0.142
8th 11.72 ± 0.67c 9.86 ± 2.20 6.96 0.01 T*G 28.81 <0.001d 0.168 (0.45)
12th 11.83 ± 0.51c 9.76 ± 2.28 9.89 0.003

Kt/V urea Baseline 1.64 ± 0.19 1.67 ± 0.19 0.14 0.71 Time 0.46 0.67d 0.013
4th 1.68 ± 0.24 1.71 ± 0.24 0.05 0.82 Group 0.29 0.59 0.008
8th 1.70 ± 0.23 1.71 ± 0.28 0.14 0.71 T*G 2.85 0.05d 0.073 (0.28)
12th 1.76 ± 0.30 1.64 ± 0.18 2.40 0.13

Physical component summary Baseline 45.51 ± 6.48 44.50 ± 8.76 1.30 0.26 Time 5.59 0.003d 0.134
4th 49.41 ± 4.94 43.81 ± 7.38 8.35 0.007 Group 8.52 0.006 0.191
8th 50.31 ± 4.50 44.76 ± 6.88 7.41 0.01 T*G 1.98 0.13d 0.052 (0.23)
12th 51.80 ± 4.51 42.79 ± 8.38 10.95 0.002

Mental component summary Baseline 50.35 ± 11.04 49.81 ± 9.17 0.12 0.73 Time 0.90 0.97 0.003
4th 53.98 ± 7.83c 45.22 ± 8.64 9.41 0.004 Group 5.11 0.03 0.124
8th 53.24 ± 7.28c 44.95 ± 8.65 7.66 0.009 T*G 3.04 0.03 0.078 (0.29)
12th 53.23 ± 8.60 48.95 ± 8.14 2.92 0.10

Data are expressed as mean ± standard deviation.
BMI, body mass index; Kt/V, K = dialyzer’s capacity to clear urea at the blood flow rate, t = treatment time, V = distribution volume of urea; SF-36, Short 
Form-36 tool; SPPB, short physical performance battery; T*G, time*group.
F is effect size calculated using the analysis of covariance (ANCOVA) model adjusted for dialysis vintage in G*Power (small = 0.10, medium = 0.25, large = 
0.40); F-score calculated using ANCOVA adjusted by dialysis vintage (exercise group vs. control group).
Score range: a0–5, b0–12. cStatistically significant based on Bonferroni correction (p < 0.013); dGreenhouse-Geisser correction according to Mauchly’s 
sphericity test (p < 0.05).
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change [25], and our exercise group exhibited an increase 

from 0.89 m/sec to 1.21 m/sec, which is sufficient for inde-

pendent daily living, community ambulation, and crossing 

the street [3,16,26]. However, although handgrip strength 

had a significant within–between interaction, there was 

no significant difference in grip strength at any follow-up 

time after Bonferroni correction method was applied. In 

contrast, the previous 4-month intradialytic cycle ergome-

ter program showed an improvement in handgrip strength 

[21], which could suggest that a longer period of intradi-

alytic aerobic exercise (>12 weeks) is needed to improve 

handgrip strength and reach a non-frail state. The exercise 

group in the present study also experienced improvements 

in the average MCS score during the first 8 weeks (f = 0.29), 

although the small effect size might indicate a risk of bias. 

Therefore, large randomized controlled trials are needed to 

identify the optimal duration and timing of intradialytic cy-

cle ergometer exercise and evaluate the effect on handgrip 

strength and mental QoL. 

Data were missing for 3.6% of all variables in three pa-

tients (7.1%) in the exercise group. The intention-to-treat 

and per-protocol analyses revealed that the exercise group 

exhibited significant increments in Kt/V urea (0.12), grip 

strength (2.03 kg), exhaustion score (5.36), and PCS score 

(6.29), as well as improvements in Fried’s frailty score 

(–1.28), gait speed (0.31 m/ sec), and SPPB score (1.17). 

During dialysis, exercise increases blood uremic solute 

removal by increasing blood flood to low perfusion tissue 

beds [8]. In the present study, the exercise group had a 

significant increase in Kt/V urea (+7.37%), and the control 

group had a decrease in Kt/V urea (–1.32%). This result is 

consistent with the previous finding that among hemodial-

ysis patients, a 15-minute intradialytic aerobic exercise pro-

gram safely and effectively improved Kt/V urea by 38% after 

8 weeks [14]. Moreover, different types of intradialytic train-

ing might improve dialysis adequacy (based on Kt/V urea), 

cardiorespiratory fitness, and prognosis [6,22,23]. Profound 

and relentless exhaustion in hemodialysis patients leads 

to weakness, decreased vitality, and reduced ability to per-

form daily activities [27]. Furthermore, a 10-point increase 

in the vital score is associated with a 10% increase in mean 

survival time [28]. Our exercise group exhibited an increase 

of 5.36 in vitality score, which is consistent with the finding 

of a previous report [21]. Therefore, it could be prudent to 

incorporate exercise programs into the routine care of frail 

patients who are undergoing hemodialysis. 

To determine the participants’ ability to engage in exer-

cise, our nephrologists and dialysis nurses evaluated symp-

toms such as systolic blood pressure of ≥200 mmHg, dia-

stolic blood pressure of ≥100 mmHg, and Borg score of ≥15, 

including subjective symptoms such as dizziness, chest 

tightness, dyspnea, nausea, vomiting, muscle pain, and 

joint pain [4]. Participants were encouraged to report any 

issues that they experienced to help identify the support 

required during or after the intradialytic exercise. Because 

we observed several episodes of elevated systolic blood 

Table 4. Differencesa in frailty, dialysis adequacy, and QoL according to the intention-to-treat and per-protocol analyses

Variable
Intention-to-treat analysis (n = 42) Per-protocol analysis (n = 39)

Exercise group 
(n = 21)

Control group 
(n = 21) zb p-value Exercise group 

(n = 18)
Control group 

(n = 21) zb p-value

Frailty score –1.26 ± 0.96 0.57 ± 0.81 –5.08 <0.001 –1.28 ± 1.02 0.57 ± 0.81 –4.84 <0.001
 Slowness (gait speed, m/sec) 0.27 ± 0.22 –0.11 ± 0.15 –4.77 <0.001 0.31 ± 0.19 –0.11 ± 0.15 –5.21 <0.001
 Weakness (grip strength, kg) 1.58 ± 3.94 –4.02 ± 4.52 –4.03 <0.001 2.03 ± 3.79 –4.02 ± 4.52 –4.05 <0.001
 Exhaustion (vitality, score) 4.57 ± 7.74 –2.98 ± 9.91 –2.30 0.02 5.36 ± 8.09 –2.98 ±9.91 –2.42 0.02
 Weight loss (BMI, kg/m2) 0.18 ± 1.20 0.48 ± 1.79 –0.57 0.57 0.03 ± 1.07 0.48 ± 1.79 0.42 0.69
SPPB (0–12, score) 0.88 ± 1.43 –0.33 ± 1.68 –2.06 0.04 1.17 ± 1.29 –0.33 ± 1.68 –2.67 0.01
Dialysis adequacy (Kt/V urea) 0.13 ± 0.22 –0.03 ± 0.13 –2.48 0.01 0.12 ± 0.21 –0.03 ± 0.13 –2.48 0.01
QoL
 PCS 5.69 ± 5.58 –1.72 ± 9.04 –2.79 0.005 6.29 ± 5.62 –1.72 ± 9.04 –2.86 0.003
 MCS 2.49 ± 7.28 –0.86 ± 9.41 –1.59 0.11 2.88 ± 7.79 –0.86 ± 9.41 –1.54 0.13

Data are expressed as mean ± standard deviation.
BMI, body mass index; Kt/V, K = dialyzer’s capacity to clear urea at the blood flow rate, t = treatment time, V = distribution volume of urea; SPPB, short 
physical performance battery; MCS, mental component summary; PCS, physical component summary; QoL, quality of life.
aValue at the 12th week–value at baseline. bz-score calculated using the Mann-Whitney U test.
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pressure during the intradialytic exercise, careful screening 

and monitoring by nephrologists and dialysis nurses were 

essential to maintain the participants’ safety, which means 

that ongoing exercise programs would add to healthcare 

providers’ work burden. Two participants missed two 

sessions of the exercise program due to elevation of their 

systolic blood pressure of ≥190 mmHg during the stretch-

ing warm-up phase. Additionally, two participants had an 

episode of systolic blood pressure elevation to 170 mmHg 

(from 140 mmHg) during the main exercise phase. After 10 

minutes of rest, the high blood pressure had normalized, 

and the participants safely completed their exercise ses-

sions. In addition, one 48-year-old female participant with 

intradialytic hypotension experienced improvement in her 

dialysis-induced hypotension. 

The present study has several limitations that warrant 

consideration. First, we included only patients undergoing 

treatment at a single hemodialysis center, and the results 

might not be generalizable to other centers and patient 

populations. Second, the small effect size for the MCS score 

improvement (f < 0.35) could indicate a risk of bias. Third, 

the small sample size precluded the use of factorial sta-

tistics for exercise and frailty factors. Fourth, the different 

statistical measures produced variable efficacies in terms 

of Kt/V. Because the effects of intradialytic aerobic exer-

cise on Kt/V have been controversial [6], this discrepancy 

should be checked through further research by modifying 

the duration, time, and intensity of the intradialytic aerobic 

exercise program in a larger, multicenter population. 

Although the 12-week intradialytic exercise program did 

not entirely reverse the frailty phenotype, and different 

statistical measures produced various results, our findings 

imply that an intradialytic cycle ergometer exercise pro-

gram could reduce frailty and improve dialysis adequacy 

and QoL. Intradialytic exercise programs have not been 

incorporated into routine care due to the practical burden 

on dialysis health care professionals. A government health 

policy should be established to correct the lack of trained 

dialysis health care professionals available to supervise 

exercise programs and the lack of financial support for on-

going exercise programs. 
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