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Abstract 

Background Patients with kidney failure have a high mortality rate. This study aimed to evaluate the effect of intra-
dialytic exercise on survival in patients receiving hemodialysis (HD).
Methods In this randomized controlled trial conducted in a HD center in Iran, adult patients receiving chronic HD 
were randomized to intradialytic exercise (60 min) in the second hour of thrice weekly dialysis for 6 months (interven-
tion) or no intradialytic exercise (control). The primary outcome was survival rate at 12 months. Secondary outcomes 
were serum albumin, hemoglobin, hematocrit, red blood cell count, serum calcium, serum phosphorous, parathyroid 
hormone, physical function (6-min walk test) and nutritional status (Geriatric Nutritional Risk Index) during the first 
6 months. The trial follow-up period was 12 months.

Results The study included 74 participants (44 males) with an age average of 64 ± 12 years old and a dialysis history 
of 27 ± 12 months, randomized to intervention (n = 37) or control (n = 37). Compared with controls, 1-year survival 
was higher in the intervention group (94% vs 73%, P = 0.01). The hazard ratio in univariate analysis in intervention 
group was 0.17 (95% CI 0.04–0.8; P = 0.02) compared to that in control group. During the 6-month intervention 
period, significant between-group changes were observed in all secondary outcomes between the intervention and 
control groups.

Conclusion Intradialytic exercise performed for at least 60 min during thrice weekly dialysis sessions improves sur-
vival in adult patients receiving HD.

Trial registration ClinicalTrials.gov Identifier: NCT04898608. Retrospectively registered on 24/05/2021. Registered 
trial name: The Effect of Intradialytic Exercise on Dialysis Patients Survival.
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Background
Chronic kidney disease (CKD) is a growing, global public 
health problem leading to an exponential increase in the 
number of patients experiencing kidney failure requiring 
treatment with life-saving kidney replacement therapy 
(KRT), including hemodialysis (HD), peritoneal dialysis 
(PD) or kidney transplantation [1]. HD is the major treat-
ment modality worldwide, accounting for 69% of all KRT 
and 89% of all dialysis, and is associated with high rates 
of functional impairment, morbidity, hospitalization, and 
mortality (10–30 times higher than people with normal 
kidney function) [2–5]. These outcomes are an urgent 
priority for patients, caregivers and healthcare profes-
sionals [6, 7].

A significant factor underpinning these poor outcomes 
in HD patients is low physical activity related to high rates 
of comorbidities (such as cardiovascular disease), protein 
energy wasting, sarcopenia, decreased physical func-
tion, decreased aerobic capacity, enforced inactivity dur-
ing thrice weekly HD sessions, and post-dialysis fatigue 
[3, 8]. Indeed, the activity rates of patients receiving HD 
is between 20–50% that of healthy people [9]. Prospec-
tive observational studies of patients receiving HD have 
reported a dose-dependent association between physical 
activity and both all-cause mortality and cardiovascular 
mortality [9, 10]. Increasing physical activity through 
regular exercise may therefore be an important strategy 
for improving outcomes in patients receiving HD. Exer-
cise training, particularly a combination of resistance 
and aerobic exercises, has been reported to improve a 
number of parameters in HD patients, including physical 
function, dialysis small solute clearance, mood, appetite, 
nutrient intake and quality of life [11–13].

A systematic review and meta-analysis of 20 ran-
domized controlled trials involving 677 participants 
receiving HD demonstrated that exercise training 
increased exercise capacity (peak  VO2), walking capac-
ity (6-min walk test) and both the physical and mental 
component scores of health-related quality of life (SF-36) 
[11]. However, the certainty of evidence was substantially 
reduced by high risks of bias, imprecision and inconsist-
ency (heterogeneity). Moreover, the effects of exercise on 
mortality in HD patients remain uncertain.

The aim of this study was to evaluate the effects of 
intradialytic exercise on survival in patients receiving 
HD. A secondary aim of the study was to assess the effect 
of intradialytic exercise on clinical outcomes associated 
with patient survival.

Methods
Trial design
This study is an open-label, parallel arm, randomized 
controlled trial with blinded end-points, which was 

conducted in a medical center in Iran. Recruitment 
occurred between January 25, 2020 and 2 February 2020. 
Follow-up continued until August 5, 2021.

Participants
Individuals were eligible to participate in the study 
after meeting all of the following inclusion criteria: 1) 
age ≥ 18 years; 2) receiving regular HD 3 times a week; 3) 
on HD for at least 1 year, 4) absence of a history of myo-
cardial infarction within the past 3 months; 5) permission 
from their physician to participate; and, 6) had capacity 
to provide informed consent to participate in the study. 
Individuals were excluded if they met any of the following 
exclusion criteria: 1) cardiac instability (angina, decom-
pensated congestive heart failure, severe arteriovenous 
stenosis, uncontrolled arrhythmias, etc.); 2) active infec-
tion or acute medical illness; 3) hemodynamic instabil-
ity (systolic blood pressure < 90  mmHg or mean arterial 
pressure < 60 mmHg); 4) labile glycemic control (extreme 
swings in blood glucose levels, causing hyperglycemia or 
hypoglycemia); 5) inability to exercise (e.g. lower extrem-
ity amputation with no prosthesis); 6) severe musculo-
skeletal pain at rest or with minimal activity; 7) inability 
to sit, stand or walk unassisted (walking device such as 
cane or walker allowed); or 8) shortness of breath at rest 
or with activities of daily living (NYHA Class IV).

Trial procedures
Before starting the study, some educational and motiva-
tional posters were installed in the dialysis center, so that 
all patients became familiar with the benefits of exer-
cise and especially intradialytic exercise. Then principal 
investigator described the side-effects of inactivity and 
sedentary lifestyle to all patients. Actually, he encour-
aged all the patients to be active and gave them aware-
ness about the intradialytic exercise and how it can help 
them.After providing written informed consent, eligible 
patients received a baseline assessment. Data were col-
lected on demographic characteristics (age, sex and time 
on hemodialysis), primary cause of kidney failure, and 
comorbidities (atherosclerotic heart disease, congestive 
heart failure, cerebrovascular accident/transient ischemic 
attack, peripheral vascular disease, dysrhythmia, and 
other cardiac diseases, chronic obstructive pulmonary 
disease, gastrointestinal bleeding, liver disease, can-
cer, and diabetes). Comorbidities were quantified using 
Charlson comorbidity index (CCI) established for dialysis 
patients, which included the underlying cause of kidney 
failure, as well as 11 comorbidities [14].

Participants were then randomized in a 1:1 ratio to 
either the intervention group or control group. The rand-
omization sequence was generated by a study biostatisti-
cian who was not otherwise involved in the study using 
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a computer-generated random schedule (using Stata 16, 
Stata Crop, College Station, Tx). Allocation concealment 
was safeguarded through the use of sequentially num-
bered, sealed, opaque envelopes by a specified staff mem-
ber who was not involved in the study.

Intervention
Subjects in the intervention group performed concurrent 
intradialytic exercise during the 2nd hour of dialysis (60-
min exercise sessions three times a week) for 6 months. 
The intervention was a combination of aerobic and 
resistance exercises. Workout time at the beginning was 
30 min and gradually increased to 60 min. Each workout 
session included 5  min of warm-up, aerobic exercises, 
resistance exercises and finally 10 min of stretching exer-
cises to cool down. The fistula arm was kept stationary 
thoroughly the exercise session, with necessary precau-
tions taken into consideration. Also, the exercise protocol 
was not performed on the arm with AV fistula.

Exercises were individualized in a way that matched 
the level of physical fitness of participants (See Aditional 
File 1). Aerobic exercises consisted of continuously per-
formed specified movements, such as moving legs back 
and forth, shoulder abduction and adduction (hand with-
out fistula), flexing and extending the knee, internally and 
externally rotating the leg, and abducting and adducting 
the leg, in time with a played beat.

The rhythm of continuous movements was adjusted by 
the beats per minute of the music. This meant that par-
ticipants had to coordinate the movements of their arms 
and legs with the beats per minute of the song being 
played to them. In this way, the speed and intensity of 
aerobic exercise was controlled by the rhythm. Resist-
ance training was performed in a semi-recumbent posi-
tion and included exercises for the upper and lower limbs 
as well as core strength exercises using body weight, 
weight cuffs, dumbbells, and elastic bands of varying 
intensity. Chest press, shoulder press, triceps exten-
sion, straight arm shoulder flexion, shoulder horizontal 
abduction,seated row, supine grip, prone grip, neutral 
grip, bicep curl, leg abduction, plantarflexion, dorsiflex-
ion, straight-leg/bent knee raises, knee extension, and 
knee flexion were all part of the resistance training 
program.

All of the exercises were prescribed by an exercise 
physiologist. He accompanied patients to monitor the 
performance of the exercises. If the patient had a prob-
lem in performing the exercises, he helped them and 
answered any questions raised. At the end of each ses-
sion, the exercise physiologist reviewed the adherence 
checklists. If a person had not attended an exercise ses-
sion, a counseling session were held with the presence 
of a nephrologist and the exercise physiologist. The 

reason for the individual’s non-participation was investi-
gated and the positive effects of exercise were explained 
through motivational statements. In addition, if possible, 
the positive effects of exercise that have had happened to 
them so far were explained as an incentive for them to 
participate more in training sessions.

Participants in the control group did not undertake any 
specific physical activity during dialysis. All participants 
were followed for 12 months.

All other pharmacological, dialysis, dietary and man-
agement protocols were identical for participants in both 
groups. (Despite of differences between some hema-
tological parameters at baseline, different medications 
were not used for intervention group.) All participants 
received normal bicarbonate hemodialysis, which was 
carried out three times a week for an average of 4  h. 
Volumetric ultrafiltration control was available on all 
machines. The standard dialysate flow rate was 500 mL/
min and blood flow rates were prescribed according to 
the participant’s needs. Automated methods were applied 
to perform dialyzer reuse uniformly.

Blood sampling
Baseline blood samples were collected one day before the 
start of the exercise session. Exercise began at the mid-
week dialysis session. After the end of the 36th session 
(end of the third month) and after the end of the 72nd 
session (end of the sixth month), subsequent blood sam-
ples were collected the day before the midweek dialysis 
session. The control group was assessed at the same time 
points. On a nondialysis day, blood samples were taken 
from the arterial needle after at least an 8-h fast. Approx-
imately 30  ml of blood were collected and centrifuged 
for 15 min at 20 °C and 2500 g. Plasma was next pipetted 
into cryotubes and stored at -80 °C in a freezer that was 
electronically monitored. All samples were measured in 
duplicate, in line with the manufacturer’s suggested pro-
tocol, and within the manufacturer’s specified range of 
acceptable variation and sensitivity.

Outcomes
The primary outcome measure was 1-year survival. 
Time frame started by ending the intervention (6th 
month). Information about the time and cause of death 
were extracted from participants’ medical records. This 
included information recorded in the CMS-2746 form.

Secondary outcome measures included changes in 
serum albumin (g/dL), hemoglobin (g/dL), hemato-
crit (%), red blood cell count (×  106/µL), serum calcium 
(mg/dL), serum phosphorous (mEq/L), and parathyroid 
hormone (PTH) (pg/mL) over time. Other secondary 
outcomes were physical function and nutritional status. 
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These outcomes were evaluated at baseline, 3  months 
and 6 months.

Physical function was evaluated with the 6-min walk 
test (6MWT), which is a functional examination of exer-
cise capacity and was performed according to the Ameri-
can Thoracic Society guidelines [15]. In brief, the test 
was performed indoors on a 30  m straight course. Par-
ticipants were instructed to walk as fast as possible for 
6  min. Walking aids were allowed and recorded. At the 
end of the 6-min period, the distance was measured.

Nutritional status was assessed by Geriatric Nutri-
tional Risk Index (GNRI), as reported by Bouillanne 
et al. [16] and modified for older patients, as reported by 
Yamada et  al. [17]. The index was calculated as follows: 
GNRI = (14.89 albumin (g/dlL) + (41.7 x [body weight/
ideal body weight]). When a participant’s actual weight 
was greater than their ideal weight, the body weight/ideal 
body weight ratio was set to 1 by default. Instead of utiliz-
ing the Lorentz formula from the original GNRI equation 
to determine the ideal body weight, the value obtained 
from the participant’s height and a body mass index of 
22 was used [16]. Lower GNRI is a significant predictor 
of bone mineral disorders, cardiovascular events and all-
cause mortality in dialysis patients [18–20].

Safety outcomes included all serious adverse events 
and adverse events.

Adherence
Intervention adherence was defined as the number of 
sessions performed divided by the number of sessions 
offered, multiplied by 100.

Blinding
Due to the nature of the intervention, it was not feasible 
to blind participants or study staff.

However, outcome assessors and data analysts were 
blinded to participants’ treatment allocations.

Sample size
The sample size was calculated by NCSS PASS 16.0 
software. The model was established according to the 
log-rank test of survival analysis (bilateral side), with 
α = 0.05 and power 1 – β = 0.8. Due to the fact that there 
had been no prior randomized controlled trials evaluat-
ing the effect of exercise on survival in dialysis patients, 
the results of a non-randomized study of the association 
of changes in physical activity with survival in dialysis 
patients were used to inform sample size calculations 
[21]. Assuming a hazard ratio of 0.25 between the inter-
vention and control groups and a drop-out rate of 20%, 
74 participants (37 per group) were required to provide 
80% power.

Statistical analysis
Data are presented as frequency (percentage), 
mean ± standard deviation, or median and interquar-
tile range, depending on data type and distribution. A 
detailed statistical analysis plan was prepared and com-
pleted prior to database lock. The primary outcome of 
survival was analyzed by Kaplan–Meier analysis and log 
rank test. Overall survival was calculated from the date 
of the end of intervention to the date of death from any 
cause. Participants remaining alive were censored at the 
date of last follow-up. Cox regression model was con-
structed to evaluate the effect of intervention on survival 
rate. Secondary outcomes were evaluated using Repeated 
Measure ANOVA and Friedman test. Statistical analyses 
were performed using IBM SPSS software 25. P values 
less than 0.05 were considered statistically significant.

Results
Overall, 95 patients were assessed for eligibility, of 
whom 74 were consented and randomized. The corre-
sponding flowchart is presented in Fig. 1

During the 6-month intervention period, 2 participants 
in the intervention group and 4 participants in the con-
trol group were excluded from the intervention. Every 
patient who was lost to follow-up (for any reason except 
death) during 12-month follow-up was censored.

Baseline characteristics
Baseline characteristics were balanced between the 
assigned treatment groups (Table 1).

The adherence rate was 81% ± 6%.

Primary outcome
Before the end of initial 6-month period during which 
the exercise intervention was being performed, no one 
in the intervention group and two participants in the 
control group died.

Two participants (6%) in the intervention group died 
during the follow-up period due to cardiovascular dis-
ease (n = 1) and unknown cause (n = 1). In contrast, 
9 participants  (27%) in the control group died due to 
cardiovascular disease (n = 3), cerebrovascular dis-
ease (n = 2), infection (n = 1), other causes (n = 2) and 
unknown cause (n = 1). The cumulative survival rate 
in the control group was significantly lower than that 
in the intervention group (Log rank statistics = 6.5, 
P = 0.01) (Fig. 2). Similar results were found in univari-
able Cox regression model analyses (Table 2).

Secondary outcomes
Significant between-group changes during the 6-month 
intervention period were observed in all secondary 
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outcomes (Table 3) between the intervention and con-
trol groups. Specifically, serum albumin, hemoglobin, 
red blood cell count, serum calcium, physical func-
tion (6MWT) and nutritional status (GNRI) tended 

to increase in the intervention group, but remained 
relatively stable in the control group. In contrast, 
serum parathyroid hormone and phosphorus lev-
els significantly decreased in the intervention group 
but remained relatively stable in the control group 
(Table 3).

Safety
No treatment-related serious adverse effects were observed 
during the period of the study. During the intervention 
period only one of the patients had muscle cramp after two 
sessions of the exercise and one of the patients had bleeding 
from fistula when she was doing the exercises. Of course, it 
was not serious or harmful.

Discussion
This study showed that intradialytic exercise for 6 months 
improved subsequent survival in adult patients receiving 
HD for 12  months. Furthermore, compared with con-
trols, intradialytic exercise caused potentially beneficial 
improvements in selected laboratory parameters (serum 

Fig. 1 Participant flow during the study

Table1 Baseline characteristics of patients

Values are as mean ± (standard deviation) or n (%)

CCI Charlson Comorbidity Index

Intervention 
(n = 37)

Usual Care (n = 37)

Sex Male 21 (57%) 23 (62%)

Age (year) 62 ± 13 65 ± 11

Hemodialysis history (months) 29 ± 10 26 ± 9

Primary kidney disease

 Diabetes 16 (43%) 20 (54%)

 Hypertension 10 (27%) 11 (30%)

 Glomerulonephritis 5 (14%) 3 (8%)

 Other 6 (16%) 3 (8%)

 CCI 6 ± 2 7 ± 2
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albumin, hemoglobin, red blood cell count, serum cal-
cium, serum PTH, serum phosphorus), physical func-
tion (6MWT) and nutritional status (GNRI) during the 
6-month intervention period.

The finding of a survival benefit from intradialytic exer-
cise is in keeping that of with previous observational 
studies investigating the association between increased 
physical activity and survival in patients receiving dialy-
sis [10, 22]. In a prospective, multinational study of 
6147 patients receiving HD in centers across Argentina 
and Europe, Bernier-Jean et  al. [10] found that, com-
pared with self-reported physical inactivity, occasional 
activity (≤ 1x/week) and frequent activity (> 1x/week) 
were dose-dependently associated with lower all-cause 

mortality and cardiovascular mortality, but not non-
cardiovascular mortality. This study was potentially lim-
ited by social desirability bias, misclassification bias and 
residual confounding from unmeasured determinants 
of better health. Similarly, in a systematic review of 11 
observational studies involving patients with kidney fail-
ure (6 in HD patients, 3 in kidney transplant recipients, 2 
in both HD and PD patients), Martins et al. [22] demon-
strated that physical activity (self-reported in 10 studies) 
was generally inversely associated with mortality. How-
ever, high degrees of statistical, clinical and methodo-
logical heterogeneity precluded meta-analysis. This fact, 
together with the observational designs of the included 
studies meant that the evidence was very low certainty. 
Recently, Mallalamaci et  al. [23] reported long-term 
(36 month) follow-up outcomes of the EXCITE study, a 
prospective, randomized controlled trial of a 6-month 
home-based walking exercise program in 227 patients on 
dialysis (192 on HD) at 13 Italian centers. Compared with 
controls, patients allocated to the exercise arm had a bor-
derline significantly lower risk of the composite outcome 
of hospitalization or death (HR 0.71, 95% CI 0.50 – 1.00). 
As this was a secondary outcome of the trial, the findings 
were hypothesis-generating only. Until the present study, 
the effect of intradialytic exercise on patient survival had 
not been evaluated by randomized controlled trial.

Fig. 2 Kaplan–Meier survival curve for patients randomly allocated to intradialytic exercise for 6 months (intervention) or usual care (control). The 
difference between the groups was statistically significant (p = 0.01)

Table 2 Cox regression model for all-cause mortality

* p < 0.05 significant

The hazard ratio is an estimate of the ratio of how often mortality happens in 
the intervention group compared to how often it happens in the control group. 
A confidence interval for hazard ratio, straddling 1.0 would reflect a statistically 
non-significant result

Parameter Univariate analysis

Hazard ratio (95% CI) P value

Intervention group 0.17 (0.04–0.8) 0.02*
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The mechanisms underpinning the improved sur-
vival of patients performing intradialytic exercise for 
6 months may be explained by improvements in a num-
ber of factors associated with physical exercise including 
bone mineral metabolism [24–27], anemia [28], choles-
terol [29], endothelial function (by raising the laminar 
sheer stress bioavailability of nitric oxide) [30], reduced 
arterial stiffness due to nitric oxide-mediated vasodila-
tion [29], improved coronary blood flow reserve [29], 
reduced blood pressure [29], increased physical function 
[31], reduced oxidative stress [29], decreased inflamma-
tion [32], reduced sympathetic nervous system activity 
[29], and promotion of antithrombotic actions that favor 
fibrinolysis over thrombosis [30]. In the present study, 
significant improvements were observed in bone min-
eral metabolism, anemia, nutrition, physical function (as 
measured by the 6MWT) and nutritional status (as meas-
ured by GNRI). Future studies are required to determine 
the extent to which each of these adaptations to exercise 
can contribute to overall survival. Prospective cohorts 
studies have shown that many of these health outcomes 
significantly predict mortality and/or contribute to 
increased survival [33–42]. However, such studies have 
not specifically evaluated responses to exercise training.

A major strength of the present study was the fact that 
all exercises were tailored according to each individual’s 
functional status within a pre-specified structure. There 
was also a high participation rate, such that included HD 
patients exhibited considerable diversity with respect to 

demographic characteristics and associated comorbidi-
ties. The study also evaluated a range of biochemical and 
functional parameters. The intervention was designed so 
that it was broadly implementable in most HD centers, 
including in low resource settings.

Balanced against these strengths, the study also had a 
number of limitations. The duration of the intradialytic 
exercise intervention was short (6  months), as was the 
subsequent follow-up (12  months), meaning that the 
long-term effects of exercise on patient survival remain 
uncertain. The small sample size led to an imprecise esti-
mate of the effect of exercise on patient survival. Survival 
was timed from the end of the intervention, which intro-
duced immortal time bias. Secondary outcome measures 
exploring the effects of intradialytic exercise and patient 
survival were only examined during the first 6 months of 
the study.

Conclusion
Intradialytic exercise performed for at least 60 min dur-
ing thrice weekly dialysis sessions improves survival in 
adult patients receiving HD. Further large-scale studies 
are warranted.

Abbreviations
CKD  Chronic Kidney Disease
KRT  kidney replacement therapy
HD  hemodialysis
PD  peritoneal dialysis
CCI  charlson comorbidity index

Table 3 Change of secondary outcomes and the results of longitudinal analysis

Alb Albumin, HGB Hemoglobin, RBC Red blood cells, HCT Hematocrit, Ca serum calcium, P serum phosphorous,

PTH Parathyroid hormone, GNRI Geriatric Nutritional Risk Index, 6 MWT 6-min walk test

Values are as mean ± standard deviation or median (interquartile)

Group × Time is an interaction from a two-way repeated-measures analysis of the effect of time from baseline to 6 months
* p < 0.05 significant
** p < 0.01 highly significant
† p < 0.01 highly significant within-group difference, analyzed by Friedman test

Intervention Usual care

Baseline 
(n = 37)

3rd months 
(n = 36)

6th months 
(n = 35)

Baseline 
(n = 37)

3rd months 
(n = 35)

6th months 
(n = 33)

Partial 
Eta
Square

 Group× Time

Alb (g/dl) 3.5 ± 0.3 3.7 ± 0.3 4 ± 0.3 3.7 ± 0.3 3.6 ± 0.3 3.5 ± 0.2 0.5  < 0.001**

HGB (g/dl) 10 ± 1 10.8 ± 1.3 11.7 ± 1.4 10.8 ± 1.3 10.2 ± 1.2 9.9 ± 1.2 0.6  < 0.001**

RBC  (106/µL) 3.5 ± 0.4 3.9 ± 0.5 4.2 ± 0.5 3.8 ± 0.5 3.6 ± 0.5 3.5 ± 0.5 0.65  < 0.001**

HCT (%) 31.8 ± 3.2 34.3 ± 3.4 36.8 ± 3.7 33.9 ± 3.2 32.2 ± 3.1 31.1 ± 3 0.68  < 0.001**

Ca (mg/dl) 7.9 ± 0.9 8.6 ± 7 9.1 ± 0.6 8.6 ± 0.8 8.6 ± 0.7 8.3 ± 0.7 0.3  < 0.001**

P (meq/lit) 5.6 ± 1.5 5 ± 1.2 4.3 ± 0.6 5.4 ± 1.4 5.9 ± 1 5.3 ± 1 0.3  < 0.001**

PTH (pg/ml) 441 (264—567) 290 (224—391) 245 † (173—286) 270 (180—418) 342 (245—476) 312 (243—407) 0.8 NA

GNRI 92.8 ± 4.6 96.1 ± 5.1 101.1 ± 4.1 96 ± 5.5 94.5 ± 4.9 92.7 ± 5 0.5  < 0.001**

6 MWT (m) 309 ± 86 348 ± 92 381 ± 99 323 ± 78 304 ± 83 283 ± 87 0.9  < 0.001**
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GNRI  Geriatric Nutritional Risk Index
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