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Summary
Evidence suggests that intradialytic exercise benefits end-stage 

renal disease (ESRD) patients. Intradialytic modified Tai Chi (IMTC) 
exercise was safe and well accepted by ESRD patients. Relative to the 
non-exercising control group, IMTC improved quality of life, tended 
to suppress bone resorption, and helped maintain 25-hydroxy vitamin 
D levels in ESRD patients. However, there is no significant difference in 
risk-of-fall related parameters, including gait, balance, and functional 
strength, possibly due to a ceiling effect. 

Introduction
End-stage renal disease (ESRD) patients generally suffer from 

lower physical activities, muscle performance, and quality of life 
(QOL) compared to healthy humans. Numerous studies have suggested 
that exercise-based rehabilitation programs could improve physical 
functioning and QOL in ESRD patients [1,2]. Exercise interventions 
during hemodialysis sessions while patients are connected to machine, 
i.e., intradialytic exercises, have become more and more popular as
they are superior to interdialytic exercise programs (between two
hemodialysis sessions when patients are not connected to machine) in
terms of better adherence [3-9]. Intradialytic exercises have been shown 
to be safe [3], and can be safely performed in the first 2 hours of dialysis 
without cardiac decompensation [2]. A recent review summarizes

the potential health benefits of intradialytic exercise programs for 
hemodialysis patients [2]. However, it is difficult to incorporate 
intradialytic exercise (e.g., cycle ergometer, bicycle training, resistance 
exercise) due to requirement of additional equipment, space, and 
personnel besides those for routine hemodialysis [2]. The present study 
proposes an intradialytic modified Tai Chi (IMTC) exercise that not 
only can be performed while the patient is sitting in a recliner with 
one arm connected to the hemodialysis machine, but also requires no 
exercise equipment (thus safer to practice), and is easy to learn. This 
intradialytic exercise has never been studied anywhere. Bone fractures 
are common in ESRD patients, resulting in a higher prevalence of 
vertebral and hip fractures than the general population [10,11]. Higher 
incidence rate of fracture in hemodialysis patients is likely due to 
higher risk of falls and renal osteodystrophy [12]. Because falls occur 
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Intradialytic Modified Tai Chi Exercise among End-Stage Renal Disease 
Patients Undergoing Hemodialysis: An Exploratory Pilot Study

Abstract
Background: Evidence suggests that intradialytic exercise benefits end-stage renal disease (ESRD) patients. 

We examined the feasibility of intradialytic modified Tai Chi (IMTC) among ESRD undergoing hemodialysis and 
assessed IMTC’s impact on risk of falls, bone metabolism, oxidative stress damage, and quality of life in ESRD 
patients. 

Methods: Forty-five ESRD patients were randomized to either non-exercising control group (CON, n=25) 
or IMTC group (n=20) who performed IMTC exercise 3/week, 45 min/session while sitting in a recliner with one 
arm connected to the dialysis machine for 12 weeks. At baseline and 12 weeks, we measured risk-of-falls related 
parameters (balance, gait, and functioning strength), biomarkers of bone metabolism and oxidative stress damage, 
and quality of life. 

Results: Thirty-four participants completed the study. The feedback from participants suggests that IMTC 
exercise is easy to learn and feasible. After 12 weeks, IMTC tended to lower tartrate- resistant acid phosphatase 
(bone resorption biomarker) and improved quality of life (role physical and vitality) compared to CON. There was 
no significant difference in balance, gait, and functional strength, possibly due to a ceiling effect. There was no 
significant difference in serum bone-specific alkaline phosphatase, calcium, phosphorus and intact parathyroid 
hormone levels, plasma 8-hydroxy-2’-deoxyguanosine levels, and other domains of quality of life. The CON group 
experienced a 20% decrease in 25-hydroxy vitamin D at the end of study. 

Conclusions: IMTC exercise was safe and well accepted by ESRD patients. It improved quality of life, tended to 
suppress bone resorption, and helped maintain 25-hydroxy vitamin D levels in ESRD patients. These findings need 
to be confirmed in a larger, more sufficiently powered efficacy study.
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frequently in the hemodialysis population, simple fall prevention 
strategy may effectively reduce the risk of fracture in this population 
[13]. Among different forms of exercise, TC has been proven effective 
in reducing risk of falls in the elderly by improving gait [14-16], 
posture control and balance [17,18]. In ESRD patients, home-based 
TC improved functional mobility and muscle flexibility [19]. However, 
effects of IMTC on risk of fall in ESRD patients have never been 
investigated. In terms of renal osteodystrophy, adynamic bone disease 
is the most common type of renal osteodystrophy in hemodialysis 
patients, in which bone turnover is low due to excessive suppression of 
the parathyroid glands and aluminum deposition [20,21]. Management 
of hip fractures in ESRD patients is complicated by the heterogeneous 
nature of renal osteodystrophy and the inadequate methods of diagnosis 
currently available. Published studies have shown that exercise benefits 
bone metabolism [22,23]. However, very few studies have been 
reported on the effects of any form of exercise, let alone TC or IMTC, 
on bone metabolism in ESRD patients. An increased oxidative stress 
and decreased antioxidant capacity were associated with declined renal 
function in renal insufficiency and dialysis patients [24,25]. Strategies 
to reduce the oxidative stress damage in ESRD patients would be a 
reasonable approach to improve their health. Our recent study showed 
that a 6-month TC group exercise program significantly reduced urinary 
8-hydroxy-2’-deoxyguanosine (8-OHdG, oxidative stress biomarker) in 
postmenopausal women, compared to those not practicing TC [26]. It 
is not known if IMTC exercise would reduce oxidative stress in ESRD 
patients. Comorbid medical conditions are common in ESRD patients, 
and are an importantcontributing factor to clinical outcomes and QOL 
[27]. Intradialytic aerobic and resistance exercises benefit health-related 
QOL in ESRD patients [2]. On the other hand, TC has been shown 
to improve QOL in study subjects with various health conditions [28-
30]. However, no study has been reported on IMTC’s effects on QOL 
in ESRD patients. In light of the above discussion, the specific aims of 
this exploratory pilot study were (i) to examine the feasibility of IMTC 
among ESRD, and (ii) to assess IMTC’s impact on risk of falls, bone 
metabolism, oxidative stress damage and QOL in study participants. 
We hypothesized that it would be feasible to teach study participants 
IMTC exercise and that IMTC would reduce risk of falls, improve bone 
metabolism and QOL, and decrease oxidative stress in ESRD subjects. 

Methods
Design

This was a 12-week, randomized-controlled trial to investigate 
the feasibility of IMTC among ESRD undergoing hemodialysis, and 
to assess IMTC’s impact on risk of falls, bone metabolism, oxidative 
stress damage, and quality of life in ESRD patients. Outcome data were 
collected at the baseline and the end of the 12-week study. The outcome 
assessors were blinded to the participant’s treatment assignment. This 
study was approved by the local Institutional Review Board. 

Participants

Participants were recruited from two local dialysis units in West 
Texas, USA. Informed consents were obtained from all participants. In 
addition, we also obtained patient consent for the use of their images for 
publication. Inclusion criteria included 18 to 80 years of age, adequate 
dialysis delivery with single pool Kt/V ≥ 1.4 in last 3 months, and good 
compliance with dialysis treatment. Exclusion criteria included being 
on dialysis for less than three months, patients in a catabolic state, 
active intravenous drug use, vascular access for hemodialysis at lower 
extremity, contraindications to IMTC, and unable to give informed 
consent. All participating subjects were asked to maintain their regular 

diet, medication if any, normal daily activities and lifestyle throughout 
the study. Following recruitment and screening, 45 eligible subjects 
were randomly assigned (stratified by age and gender) to one of two 
groups: (i) IMTC (n=20, excluding 4 withdrew immediately after 
randomization) and (ii) control (CON, n=25). 

Intervention

Patients in the IMTC group practiced 45 minutes of IMTC during 
the first 2 hours of each 136 hemodialysis session, 3/week for 12 weeks, 
while receiving usual care. Each 45-minute exercise session consisted 
of 5 minutes of warm-up exercise, 35 minutes of IMTC, and 5 minutes 
of cool-down exercise. The warm-up exercise was designed to loosen 
major joints for the subsequent IMTC, along with controlled breathing. 

The current IMTC exercise was based on the popular 24-form Tai 
Chi [31] with a difference that IMTC did not involve any upper body 
movements or body translation by foot, so that a participant could 
perform the exercise while sitting in a recliner with one arm held still that 
had needle access for hemodialysis. The exercise features performing 
the arm movements of the popular 24-form Tai Chi with legs. Figure 
1 illustrates how some of those movements were adapted for IMTC. 
The traditional TC’s unique ingredients, viz. physical relaxation, mental 
concentration, and deep breathing, were still intact and emphasized in 
the practice of IMTC. The cool-down exercise gradually brought the 
body condition down to its pre-exercise level. An instructor taught 
each IMTC participant individually. All IMTC participants were able to 
learn the exercise in 3 sessions. Thereafter, patients were able to perform 
IMTC by themselves following a handout and under the supervision 
of the instructor during each session. Before and after each IMTC 
session, study participants were monitored about the occurrence of any 
side effects in association with IMTC. The compliance and the length 
of practice time for each participant’s IMTC session were recorded. 
Participants in the CON were asked to continue their regular activities 
throughout the study period, while receiving usual care.

Measurement of balance, gait, and functional strength

Static and dynamic balance were assessed by Berg Balance Test, 
consisting of 14 different tasks related to balance and postural control 
scored from 0 (inability) to 4 (ability) to perform the required tasks [32-
34]. Gait, balance and fall risk were assessed by Dynamic Gait Index 
which evaluates usual steady-state walking and walking during more 
challenging tasks. The test consists of eight gait tasks with a grading 
system from 0 to 3 and a maximum score of 24 [35,36]. Functional 
strength was assessed by the Timed “Up and Go” test [37].

Biomarker measurement

The data of calcium (Ca), phosphorus (P) and Ca×P product 
routinely collected at dialysis clinics as part of dialysis management 
were used in the present study. Overnight fasting blood samples were 
collected, processed for serum and plasma samples, and stored at -8°C 
for later analyses. Serum BAP and tartrate-resistant acid phosphatase 
(TRAP) (Quidel Corporation, San Diego, CA) and 1,25-dihydroxy 
vitamin D (1,25-OH-VitD) (Immunodiagnostics System, Fountain 
Hills, AZ) levels were measured by the respective kits. Serum intact 
parathyroid 9 hormone (iPTH) and 25-hydroxy vitamin D (25-OH-
VitD) were measured by Quest Diagnostics (Irving, TX). Plasma 
8-OHdG level was determined accordingly [38-40].

Quality of life

General health status was measured with the Medical Outcomes 
Study Short Form Health Survey (SF-36, v2) [41-43]. The SF-36 consists 
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of eight domains of health (physical function, bodily pain, general 
health, vitality, mental health, social function, and role of physical and 
emotional health) in the conduct of daily activities [41].

Statistical analysis

As the first study to explore IMTC’s impact on ESRD, we used 
Cohen’s effect size (ES) index to estimate the sample size [44]. A sample 
size of 50 subjects with an anticipated attrition rate of 20% over 12 
weeks of intervention was determined to produce a final sample size of 
40 subjects, and to provide 80% power to detect medium to large effect 
size at alpha level of 0.05. 

Statistical analysis was conducted using SPSS 16.0 (Chicago, IL, 
USA). All variables were expressed as means ± standard deviations 
(SD) or standard error of the mean (SEM). Independent t-tests were 
conducted to compare the differences in outcomes between the IMTC 
and the CON groups at the baseline and the end point for preliminary 
bi-variate assessment. The change of each outcome was presented as 
percentage change relative to the baseline. The significance level was set 
at p<0.05. Changes of SF-36, balance, gait, and functional strength were 
assessed by independent t-tests, and significance levels were adjusted 
accordingly based on the number of items compared in each outcome 
measure. For instance, the significance level was p<0.05/8=0.006 for 
SF-36. All biomarker outcome changes (from the baseline to 12 weeks) 
were analyzed using MANOVA procedure to determine differences 
between groups while Bonferroni adjustment was used for multiple 

comparisons. SPSS adjusts the actual p value by applying the Bonferroni 
correction backwards so that the p-values of multiple comparisons can 
be compared directly to 0.05.

Results
Among the 45 ESRD patients recruited (16 women and 29 men, 25 

in CON and 20 in IMTC), six subjects (24%) in the CON (final n=19) 
and five subjects (25%) in the IMTC (final n=15) withdrew due to death 
(n=2), lost of interest (n=8) and receiving kidney transplant (n=1). 
Compliance for the IMTC was 89%, while the average actual exercise 
time per session for the participants was 26 min, i.e., 58% of the 45 
min required. During the study period, no side effect that occurred 
in association with the intervention was reported by the subjects 
or observed by the research staff. There was no incidence of needle 
dislodgement due to IMCT during hemodialysis sessions, and IMTC 
did not interfere with the nurses’ care of the hemodialysis patients. 

At the baseline, the demographic and medical history characteristics 
were similar between CON and IMTC (Table 1). Because no statistically 
significant differences between the participants who withdrew from 
the study and those who completed the study were observed in 
any parameters, only the data of those who completed the study are 
presented. The MANOVA results showed that the 25-OH-vitamin 
D change is statistically significant (F1,1=6.41, p=0.02) between the 
exercise and the control group after the 12-week intervention. No 
significant findings were observed for other biomarkers. SPSS output 
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(a) “Commencing”.  

 

(b) “Part wild horse’s mane”. 

 

 

(c) “White crane spreads wings”.  

 

(d) “Repulse monkey”.  (e) “Grasp bird’s tail - push”.  (f) “Single whip”.  

 

(g) “Cloud hand”. (h) “Left kick”. Yellow arrowhead indicates the direction of motion.

 

 
Figure 1: Examples of the intradialytic modified Tai Chi (IMTC) movements. 
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also showed that the observed power of MANOVA model ranged 
from 0.05 (8-OHdG) to 0.69 (25-OH-vitamin D), which indicated our 
study was apparently under-powered. Therefore, we only report our bi-
variates analysis results in details below. 

T-tests showed no statistical difference in risk-of-fall-related tests 
(the scores of Berg Balance Test, Dynamic Gait Index, or Timed Up 
& Go test) between CON and IMTC either at baseline or at 12 weeks 
(Table 2). The results revealed a marginal difference of score changes in 
dynamic gait index with IMTC group showing an increased trend while 
CON group showing a decreased trend (Table 2, t=-1.720, p=0.098). 

Data of serum and plasma biomarkers of the two groups are 
compared in Table 3. At the baseline, except for the 1,25-OH-VitD 
concentrations, there was no significant difference in all biomarkers 
between CON and IMTC. After 12 weeks, the following were observed: 
(i) Compared to CON, the IMTC exercise intervention did not 
change BAP, Ca, P, Ca×P, and iPTH, but tended to suppress TRAP 
level (p=0.056). (ii) The level of 1,25-OH-VitD in CON continued to 
be higher than IMTC (p=0.01). As for the changes, a 20% decrease in 
25-OH-VitD level in CON was observed while IMTC did not show the 
similar trend (t=-1.911, p=0.065) (Table 3). 

Results for the Quality of Life (QOL) of the two groups are 
compared in Table 4. At the baseline or at 12 weeks, there was no 
difference in any domain of QOL between CON and IMTC except for 
role physical (p=0.034). After 12 weeks, IMTC significantly improved in 
physical function, role physical, and mental health, while CON showed 
no change in any domain (Table 4). The data also revealed significant 
difference of changes in scores of role physical (t=-2.199, p=0.004) and 
vitality (t=-1.736, p=0.009) between CON and IMTC groups. However, 
except for changes in role physical, the above t-test results were not 
statistically significant after Bonferroni adjustment (p>0.05/8=0.006).

Characteristic CON (n=25) IMTC (n=20) P-value*
Age (years), mean ± SD 57.4 ± 11.7 50.4 ± 15.1 NS
Sex   NS
Male 14 (56%) 9 (45%)  
Female 11 (44%) 11 (55%)  
Weight (kg), mean ± SD 82.2 ± 32.4 75.5 ± 16.1 NS
Height (m), mean ± SD 1.66 ± 0.1 1.65 ± 0.07 NS
Body Mass Index (kg/m2), mean ± SD 30.1 ± 10.9 27.5 ± 5.3 NS
General health questions [n (%)]    
General health rated “good” 11 (44) 7 (35) NS
History of osteoarthritis 7 (28) 5 (25) NS
Severe joint or muscle pain 11 (44) 8 (40) NS
Back or leg pain to prevent from 
walking

7 (28) 6 (30) NS

Use of walker or cane for walking 6 (24) 5 (25) NS
History of diabetes 12 (48) 14 (70) NS
History of hypertension 16 (64) 14 (70) NS
Trouble sleeping 14 (56) 10 (50) NS

NS, not statistical significance (P>0.05) 
Table 1: Baseline characteristics of participants.

Parameters CON (N=19) IMTC (N=15) t-test p value
Berg balance test
Baseline (week 0) 48.9 ± 4.5 49.1 ± 9.0 -0.1 0.921
End (12 weeks) 48.6 ± 8.9 51.1 ± 5.5 -0.973 0.338
Changes (week 12-0) -0.8 ± 1.6 2.0 ± 1.6 -1.225 0.23
Dynamic gait index
Baseline (week 0) 22.2 ± 1.1 21.6 ± 3.8 0.561 0.579
End (12 weeks) 20.5 ± 5.6 22.8 ± 1.0 -1.615 0.119
Changes (week 12-0) -1.9 ± 5.0 1.1 ± 3.8 -1.72 0.098
Timed up & go (seconds)
Baseline (week 0) 14.8 ± 4.5 14.4 ± 8.2 0.2 0.843
End (12 weeks) 16.0 ± 8.4 12.9 ± 2.8 1.381 0.177
Changes (week 12-0) 1.2 ± 5.8 -1.4 ± 6.0 1.286 0.208

Data was presented as means ± SD
#indicates a marginal difference of score change between the two groups 
(0.05<p<0.1) 
Table 2: Comparison of balance, gait, and timed up and go results between the 
control and the exercise groups.

Data was presented as means ± SEM
BAP, bone-specific alkaline phosphatase; TRAP, tartrate-resistant acid phospha-
tase; Ca, corrected calcium; P, phosphate; iPTH, intact parathyroid hormone; 
8-OHdG, 8-hydroxydeoxyguanosine. 
^indicates significant difference between the two groups at the same collection 
time (p<0.05). 
^^indicates marginal difference between the two groups at the same collection time 
(0.05<p<0.1). 
*indicates significant difference of change from the baseline (0 week) to the end of 
study (12 weeks) in the same group (p<0.05, paired t-test value and actual p-value 
not listed). 
#indicates marginal difference of score change between the two groups (0.05<p< 
0.1). 
Table 3: Comparison of serum and plasma biomarkers results between the control 
and the modified groups.
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Parameters CON (N=19) IMTC (N=15) t-test p value
BAP (U/L)

Baseline (week 0) 87.6 ± 26.3 59.3 ± 14.5 0.876 0.387
End (12 weeks) 92.1 ± 25.2 59.5 ± 20.4 0.968 0.34
Changes (week 12-0) 4.5 ± 9.1 0.2 ± 7.4 0.343 0.734

TRAP (U/L)
Baseline (week 0) 9.9 ± 1.7 8.5 ± 1.3 0.576 0.572
End (12 weeks) 10.7 ± 1.8 6.9 ± 0.8^^ 1.692 0.056
Changes (week 12-0) 0.8 ± 0.7 -1.6 ± 1.6 1.466 0.152

Ca (mg/dL)
Baseline (week 0) 8.9 ± 0.1 9.0 ± 0.1 0.845 0.404
End (12 weeks) 8.8 ± 0.2 8.6 ± 0.3 0.723 0.475
Changes (week 12-0) -0.1 ± 0.1 -0.4 ± 0.2 1.437 0.161

P (mg/dL)
Baseline (week 0) 5.5 ± 0.5 5.5 ± 0.4 -0.0047 0.996
End (12 weeks) 5.8 ± 0.4 6.4 ± 0.5 -0.844 0.405
Changes (week 12-0) 0.3 ± 0.4 0.9 ± 0.6 -0.458 0.651

Ca×P
Baseline (week 0) 48.8 ± 4.1 49.6 ± 3.4 -0.127 0.9
End (12 weeks) 51.5 ± 4.1 55.1 ± 4.5 -0.572 0.572
Changes (week 12-0) 2.6 ± 3.6 3.53 ± 5.4 -0.136 0.892

iPTH (pg/mL)
Baseline (week 0) 692.5 ± 141.6 545.3 ± 150.3 0.708 0.484
End (12 weeks) 769.1 ± 205.4 365.9 ± 78.5 1.665 0.106
Changes (week 12-0) 76.5 ± 143.8 -179.4 ± 163.6 1.176 0.248

25-OH-vitamin D (ng/mL)
Baseline (week 0) 26.0 ± 2.5 28.4 ± 3.7 -0.536 0.596
End (12 weeks) 20.4 ± 2.6* 27.6 ± 3.6 -1.65 0.109
Changes (week 12-0) 5.6 ± 2.1 1.1 ± 2.9# -1.911 0.065

1,25-OH-vitamin D (pmol/L)
Baseline (week 0) 14.6 ± 2.4 4.8 ± 0.4^ 3.45 0.002
End (12 weeks) 13.6 ± 2.6 5.3 ± 0.5^ 2.71 0.01
Changes (week 12-0) -1.0 ± 1.0 0.5 ± 0.6 -1.081 0.288

8-OHdG (ng/mL)
Baseline (week 0) 0.324 ± 0.048 0.375 ± 0.038 -0.799 0.431
End (12 weeks) 0.329 ± 0.053 0.353 ± 0.043 -0.335 0.74
Changes (week 12-0) 0.005 ± 0.026 -0.022 ± 0.030 0.676 0.504
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Discussion
This study was the first to evaluate the IMTC’s impact in ESRD 

patients. The study suggests that IMTC may be an alternative exercise 
for ESRD patients based on the following results: (i) IMTC exercise is 
feasible, safe, and well accepted by ESRD patients, (ii) IMTC improves 
quality of life parameters, and (iii) IMTC maintains 25-OH-VitD levels 
in ESRD patients. 

Physical activity deficiency is common among ESRD patients 
undergoing hemodialysis [45-48]. Physicians in general lack awareness 
of and ignore the importance of exercise for hemodialysis patients [8]. 
ESRD patients also tend to have a low interest in exercise due to fatigue, 
quick changes in medical status, functional dependency, depression, 
as well as lack of exercise equipment, regimen prescription, time, 
transportation, and motivation. 

IMCT investigated in the current study may be an exercise 
program that can minimize those barriers. IMTC was taught to each 

subject by one investigator, and following the first three sessions, 
subjects performed the IMTC independently under supervision of the 
investigator. Despite the difference between IMTC and the traditional 
TC, physical relaxation, mental concentration and deep breathing 
remained emphasized in the practice of IMTC and could be the reasons 
for the improvements observed in QOL. Because no negative side 
effects were recorded as a consequence of IMTC, we estimate that the 
intervention could be appropriately supervised by the nursing staff and 
would not require additional staffing. Future research evaluating the 
use of IMTC taught through video technology under supervision of 
nursing staff would be valuable. 

The findings that no significant changes observed in balance, gait, 
and functional strength after 12 weeks of IMTC intervention may be 
due to a ceiling effect. High risk of fall is indicated by Berg Balance 
Test score <36, Dynamic Gait Index score <19, or Timed Up & Go >20 
seconds. In this study, except for one participant who was at risk of fall, 
all the others performed well in all three tests at the baseline, leaving 
little room for improvement in the follow-up assessment. The subject 
at risk of fall at the baseline improved in balance, gait, and functional 
strength after 12 weeks of IMTC intervention. Such result suggests an 
exclusion criterion of patients without risk of fall in future studies. In 
addition, the fact that our ESRD patients performed IMTC exercise in 
a seated position, instead of a standing position, could explain the lack 
of improvements in balance, gait, and functional strength. Practice of 
TC in a seated position involves minimal training of balance control 
compared to standing [49]. Future studies including weight bearing 
IMTC exercises would be valuable to determine their feasibility in 
this population during dialysis and if the inclusion of weight bearing 
exercises would positively affect the outcomes related to gait, balance 
and falls. 

Dialysis patients have a higher risk of fall post-hemodialysis than 
pre-hemodialysis, and most of the falls occur post-hemodialysis. After 
4 hours of dialysis and 3-5 kg of fluid removal, patients may develop 
postural hypotension. Risk of fall increases due to both lower muscle 
strength and hemodynamic conditions. However, in the present study, 
all participants performed the balance test before dialysis, because after 
dialysis, patients felt dry and weak, and were willing to stay to take the 
test. Had the balance test been performed after dialysis, the sensitivity 
of the test might have been improved, and the data might have better 
shown the benefits of the IMTC in reducing risk of fall. It is therefore 
recommended that in the future study, the balance test is performed after 
dialysis, if possible. No study has been reported on IMTC, although two 
studies [19,50] have been published on interdialytic TC exercise, which 
is not for patients to perform while connected to the hemodialysis 
machine. In a pre- and post- pilot study, Mustata et al. [50] reported 
that 3 months of Wu-style-TC-based exercise training program, 
including 1 hour/session/week supervised in- hospital plus at least 2/
week home practice, improved QOL in patients on peritoneal dialysis. 
The limitations in Mustata’s study included a small sample size (n=6) 
and non-randomized control trial [50]. Ling et al. [19] reported that 
a home-based TC exercise program (30 minutes of TC 293 videotape 
program, 3-7/week) for 3 months improved functional mobility and 
muscle flexibility in ESRD patients. However, high attrition rate (54%), 
relatively low adherence rate, and limited sample size (n=33) in Ling’s 
study explained the failure of the study to achieve statistically significant 
gains in many other outcome parameters, such as QOL and physical 
capacity [19]. TC has shown to benefit bone metabolism in non-dialysis 
population in terms of bone turnover biomarkers [23,28,51,52]. In 
the present study, relative to CON, we observed a decreased serum 
TRAP concentration in IMTC after 12 weeks (p=0.056), indicating 

Parameters CON (N=19) IMTC (N=15) t-test p value
Physical function

Baseline (week 0) 44.7 ± 23.9 50.6 ± 9.0 -0.575 0.569
End (12 weeks) 46.6 ± 28.8 60.6 ± 29.5* -1.374 0.179
Changes (week 12-0) 1.9 ± 17.7 10.0 ± 16.1 -1.603 0.119

Role physical
Baseline (week 0) 67.7 ± 22.6 50.0 ± 23.1^ 2.216 0.034
End (12 weeks) 63.2 ± 21.3 64.5 ± 25.7* -0.166 0.869
Changes (week 12-0) -5.2 ± 29.7 14.5 ± 19.8# -2.199 0.004

Bodily pain
Baseline (week 0) 68.7 ± 22.5 56.2 ± 19.2^^ 1.704 0.098
End (12 weeks) 63.2 ± 21.3 62.9 ± 19.0 0.0407 0.968
Changes (week 12-0) -5.5 ± 26.8 6.7 ± 23.1 -1.392 0.174

General health
Baseline (week 0) 51.1 ± 28.0 40.4 ± 16.2 1.313 0.199
End (12 weeks) 50.3 ± 23.8 43.1 ± 16.1 0.975 0.337
Changes (week 12-0) -0.7 ± 17.5 2.3 ± 12.0 -0.58 0.566

Vitality
Baseline (week 0) 54.5 ± 21.9 49.5 ± 14.6 0.742 0.464
End (12 weeks) 52.0 ± 23.1 57.9 ± 18.2 -0.791 0.435
Changes (week 12-0) -2.4 ± 17.3 8.3 ± 18.2# -1.736 0.009

Social functioning
Baseline (week 0) 67.3 ± 25.7 66.6 ± 19.8 0.0853 0.933
End (12 weeks) 68.0 ± 26.1 70.8 ± 26.5 -0.302 0.765
Changes (week 12-0) 0.7 ± 20.3 4.1 ± 29.7 -9.397 0.694

Role emotional
Baseline (week 0) 71.7 ± 32.2 71.6 ± 29.8 0.0085 0.993
End (12 weeks) 63.4 ± 30.4 75.0 ± 21.5 -1.236 0.226
Changes (week 12-0) -8.3 ± 30.6 3.3 ± 16.9 -1.315 0.198

Mental health
Baseline (week 0) 72.8 ± 20.5 70.0 ± 16.1 0.425 0.673
End (12 weeks) 73.0 ± 23.0 79.0 ± 15.1* -0.857 0.398
Changes (week 12-0) 0.2 ± 21.3 9.0 ± 6.8 -1.517 0.139

Data was presented as means ± SD. 
^indicates significant difference between the two groups at the same collection 
time (p<0.05). 
^^indicates a marginal difference between the two groups at the same collection 
time (0.05<p<0.1). 
*indicates significant difference of change from the baseline (0 week) to the end of 
study (12 weeks) in the same group (p<0.05, paired t-test value and actual p-value 
not listed). 
#indicates significant difference of score change between the two groups (p<0.05). 
Table 4: Comparison of Quality of Life results between the control and the exercise 
groups.
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that the IMTC exercise tended to suppress bone resorption in ESRD 
patients. This result appears to be consistent with Peppone et al. [52] 
that breast cancer survivors in the TC intervention group experienced 
a significant decrease in bone resorption, whereas those in the standard 
support therapy group did not. To investigate whether such suppressed 
resorption would translate into beneficial effects on bone metabolism 
in ESRD patients, a future study with a larger sample size is warranted. 
ESRD patients undergoing hemodialysis develop specific bone diseases 
including (i) adynamic bone disease related to low iPTH, and (ii) osteitis 
fibrosa cystic related to high iPTH. Extremely low or high iPTH level 
(<2 or >9 times the upper normal limit) are undesirable and should 
be avoided in ESRD patients [48]. In the current study, no significant 
change in iPTH was observed in IMTC relative to CON. Such result 
may be due to the following: (i) iPTH could also be regulated by other 
factors such as 1,25-OH-VitD dose and cinacalcet dose [53] that we 
did not control in this study, (ii) IMTC exercise had no weight bearing 
impact on ESRD patients compare to regular TC exercise, [23] and (iii) 
serum Ca and P levels were maintained within normal ranges in both 
CON and IMTC, which could help to stabilize the iPTH level. Serum 
25-OH-VitD level in CON significantly decreased after 12 weeks, while 
that level was stable in IMTC. Serum 25-OH-VitD level reflects both 
endogenous synthesis from exposure to sunlight and intake from the 
diets including supplements [54]. The study participants in both CON 
and IMTC were prescribed the same dose of 25-OH-VitD supplement 
throughout the study. Among those participants who completed the 
study, we noticed that CON had a higher BMI than IMTC, although 
there was no statistical difference in BMI between these two groups 
at the baseline. Without sufficient information on the sun exposure 
time of study participants and with a relatively small sample size of the 
present study, it is not clear why CON experienced such a significant 
decrease in 25-OH-VitD. In addition, it is unclear why 1,25-OH-VitD 
level in CON was higher than IMTC at baseline and 12 weeks. Although 
TC has shown to reduce urinary 8-OHdG in postmenopausal women, 
[26] we did not observe significant reduction in 8-OHdG in IMTC in 
the present study, possible due to the complexity of physiopathology 
in ESRD patients [16]. At 12 weeks, IMTC exercise benefited ESRD 
patients’ QOL in terms of physical function, role physical and mental 
health (Table 4). The positive impacts of IMTC on physical function and 
role physical agree with previous report in patients with fibromyalgia 
[55]. The positive result of IMTC on mental health is consistent with 
our results in postmenopausal women [28]. 

The present study is limited in its small sample size. In order to 
better investigate IMTC’s effects on risk of fall, the participants’ number 
of falls before and after the intervention should be recorded in a study 
involving more ESRD patients at risk of fall. Although common in 
most studies involving exercise and ESRD patients, the relatively 
low compliance rate in IMTC may also render the insignificance of 
outcome parameters. Another limitation was related to the difficulty 
in controlling the different medications each participant received 
during the study as prescribed by his/her physician. We documented all 
changes in the medication prescribed by study patient’s nephrologist, 
including phosphate binder and vitamin D. However, such changes 
were not considered in the data analysis. The amount of dietary calcium 
intake was not assessed, which could have potentially interfered with 
bone metabolism. Nevertheless, we did ask the study patients to 
maintain current dietary pattern throughout the study period. Their 
pre and post-intervention serum albumin report showed no changes 
in both groups. 

Conclusions
This pilot study suggests that IMTC exercise is feasible and safe 

to ESRD patients undergoing hemodialysis. IMTC exercise improves 
QOL in terms of physical function, role physical, and mental health 
and maintains 25-OH-VitD level in such participants. The lack of 
significance in the results of balance, gait, and functional strength 
may be due to an already high performance in the participants at 
baseline. It is highly recommended future studies use a larger sample 
size, appropriate screening criteria for risk of fall aspects, and longer 
intervention period to further explore the efficacy of the IMTC exercise 
on bone health in ESRD patients.
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