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Effects of a combined aerobic and core stabilization exercise training 
program on functional capacity, pain, and health-related quality of life in 
hemodialysis and kidney transplant patients
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ABSTRACT
Background:  Chronic kidney disease (CKD) poses a significant public health challenge globally 
while impacting patients’ physical function and quality of life. Addressing the issues of physical 
inactivity and pain management is essential during treatment to improve health-related quality of 
life. The present study investigated the effect of an aerobic training program with core stabilization 
exercises for hemodialysis (HD) patients on a transplant waiting list and renal transplant (RTx) 
patients.
Methods:  A total of 45 patients with CKD were included in the 12-week study: 25 patients 
receiving HD (12 HD treatment group, 13 HD control group) and 20 patients with RTx (9 RTx 
treatment group, 11 RTx control group). Functional capacity was measured using the 6-min walk 
test, pain was measured using the visual analog scale, and health-related quality of life was 
measured using the Kidney Disease Quality of Life–Short Form 12 questionnaire. Nonparametric 
statistical tests were performed at a significance level of 0.05.
Results:  Both the HD and RTx treatment groups showed significantly reduced times for the 6-min 
walking test (p = 0.002 and p = 0.008, respectively), significantly reduced pain severity (p = 0.002 and 
p = 0.008, respectively), and significantly improved quality of life scores (p = 0.006 and p = 0.041, 
respectively) by the end of the study compared with control groups.
Conclusion:  Based on the results, structured exercise programs could be effective therapies in 
CKD management. Therefore, health providers should promote their integration into routine care 
practices to enhance patient outcomes and well-being.

1.  Introduction

Chronic kidney disease (CKD) is a major public health prob-
lem worldwide, with a significant impact on patients’ physical 
function and quality of life. Health providers have placed 
increasing emphasis on patient-centered, symptom-oriented 
management of the disease, aimed at alleviating patient suf-
fering, improving quality of life, and supporting patients in 
coping with kidney disease [1,2]. All stages of the disease are 
characterized by the development of cardiovascular disease, 
musculoskeletal and muscle pain, and loss of muscle strength, 
leading to a decline in quality of life [3]. Physical inactivity is 
already present in the early stages and increases as the dis-
ease progresses [4,5]. The most common causes of physical 
inactivity are fatigue and pain [6,7]. Studies have shown that 

therapy interventions combining both aerobic and resistance 
exercises are the most effective in reducing the development 
of complications in this patient population [8–10]. According 
to the Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines, all CKD patients should engage in at least 150 min 
of physical activity per week, with the form and intensity of 
exercise being individualized [11].

The most effective treatment for CKD is renal transplanta-
tion (RTx) [12]. However, the waiting time for nonliving donor 
transplantation is unpredictable. Accordingly, it is crucial to 
maintain or, if possible, increase the physical activity and 
functional capacity of patients on the transplant waiting list 
who are on a chronic dialysis program. Prehabilitation inter-
ventions planned during this time can improve patients’ 
physical fitness and cooperation, reduce the burden of 
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kidney disease, reduce postrenal transplant frailty, and sup-
port postoperative recovery [13]. Studies suggest that HD 
and RTx patients have lower physical functioning and physi-
cal activity compared with the nonrenal population and that, 
although the prevalence of pain is the same in chronic 
hemodialysis (HD) and RTx patients, HD patients experience 
a higher intensity of pain [6,14,15].

Core stabilization exercises are designed to ensure func-
tional stability of the spine. Strengthening the core muscles 
is recommended for the prevention and rehabilitation of var-
ious lumbar spinal and musculoskeletal disorders as well as 
for the treatment of pain [16–18]. However, although stabili-
zation exercises have been effective in reducing musculoskel-
etal pain in several patient groups, they have not been 
studied in a CKD patient group. Thus, this study aimed to 
evaluate and compare the effects of a core stabilization exer-
cise program combined with aerobic training in HD patients 
on the waiting list for RTx and RTx patients.

2.  Materials and methods

2.1.  Participants

A total of 45 patients with CKD participated in our study: 25 
patients receiving HD (12 HD treatment group, 13 HD control 
group) and 20 patients with RTx (9 RTx treatment group, 11 
RTx control group). The participants in the treatment groups 
completed a 12-week training program, three times a week 
for 60 min each. HD patients exercised on non-dialysis days. 
Participants were divided into groups of four or five by dial-
ysis day, fitness level, and age. Members of the treatment 
groups reported not engaging in any regular physical activity 
before the study. The control group members carried out 
their normal daily activities and completed questionnaires 
and functional assessments. Inclusion criteria for all partici-
pants were age over 18 years, ability to walk, and willingness 
to participate in the study. Additional inclusion criteria for 
the HD group were at least 3 months of maintenance HD 
with regular HD at least three times per week for ≥4 h per 
treatment, on-line Kt/V of at least 1.4 (dialysis machine 
Fresenius 5008), and on the kidney transplant waiting list. 
Additional criteria for the RTx group were physically fit and 
on stable medication for more than 6 months after kidney 
transplantation. Exclusion criteria for all participants were 
diabetes mellitus, anemia (hemoglobin less than 100 g/l), any 
contraindication to physical exertion, such as limited mobility 
of large joints, decompensated heart failure, untreated hyper-
tension, major neurological dysfunction, severe peripheral 
polyneuropathy, or combined organ transplantation. In the 
first part of the study, all participants received a leaflet with 
details of the study and ethical information. Voluntary, 
informed consent was provided by all participants before 
data collection. Members of the exercise training group 
agreed to participate regularly in the exercise programs, 
whereas members of the control group were only required to 
complete the questionnaire and functional assessment. The 
Regional and Institutional Research Ethics Committee of the 

University of Debrecen Clinical Center approved the research 
protocol. Protocol ID: DE RKEB/IKEB: 5551 A-2020.

2.2.  Data collection

Data collection was performed at the Department of 
Nephrology Dialysis Center, University of Debrecen, between 
May and November 2020. Demographic data, information on 
treatment, and comorbidities were recorded using a ques-
tionnaire prepared by our team. Functional capacity was 
measured using the 6-min walk test (6MWT) and pain inten-
sity was measured using the visual analog scale (VAS) [19,20]. 
The Kidney Disease Quality of Life–Short Form 12 question-
naire (KDQOL–SF-12) was used to measure quality of life [21]. 
The tests described were carried out before and after the 
12 weeks of treatment.

2.3.  Intervention

The exercise program included a moderate-intensity endur-
ance workout on an indoor bike followed by a core stabiliza-
tion workout. Each training session started with a 10-min 
warm-up on indoor bikes at the lowest resistance level. After 
the warm-up, participants performed moderate-intensity 
physical activity not exceeding 50%–60% of the heart rate 
range. In the second and third training sessions, they were 
able to reach and maintain the set training heart rate. During 
the first 2 weeks, the duration of the workout was gradually 
increased from 15 min to 30 min to achieve a continuous, 
steady intensity of training. The core stabilization training 
involved targeted strengthening of the core muscles respon-
sible for the stability of the spine. The training consisted of 
two phases. In the first phase (1 to 6 weeks), we taught acti-
vation and awareness of the core muscles. Following the 
principle of gradualness, exercises were first performed in a 
supine position, followed by a side-lying position, quadrupe-
dal position, static standing position, and finally in move-
ment. Then, exercises were performed on an unstable surface 
(i.e., fit-ball ball, sponge cushion, or BOSU trainer). In the sec-
ond phase (7 to 12 weeks), functional strengthening exercises 
were performed in the form of circuit training in three sets 
of 15–20 repetitions. The training program was concluded 
with dynamic stretching, with particular attention on the 
heavily used muscle groups [22].

2.4.  Statistical analysis

Data were analyzed using Mann-Whitney U tests and 
Wilcoxon signed-rank tests to determine the differences 
between the variables since most of the data did not follow 
a normal distribution, as determined by the Shapiro-Wilk 
test. The results are presented with median values and inter-
quartile ranges with their corresponding p-values. Statistical 
analysis was performed using Stata statistical software (ver-
sion 13.0, Stata Corp., College Station, TX, USA), and a p-value 
less than 0.05 was taken to indicate statistical significance.
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3.  Results

The HD treatment group consisted of six men and six women 
with a median age of 49 years (46–55) and a mean time on 
HD of 43 months (30–55). The HD control group consisted of 
eight men and five women with an average age of 52 years 
(47–58) and 39 months (26–51) on HD. The RTx treatment 
group consisted of four men and five women with an aver-
age age of 49 years (45–59) and 84 months (72–104) since 
transplantation. The RTx control group consisted of five men 
and six women with an average age of 50 years (47–58) and 
81 months (72–98) since transplantation.

3.1.  6-min walk test

For the 6MWT, the median value for the 12-person HD treat-
ment group increased significantly from 440 (395–463) before 
the training to 489 (448–508) after the training (p = 0.002). 
For the 13-person HD control group, the median value 
increased from 432 (389–471) to 430 (390–470) following 
training, but this association was nonsignificant (p = 0.461). 
The median value for the nine-person RTx treatment group 
significantly increased from 495 (462–510) to 542 (508–555) 
(p = 0.008). No significant increase was found for the median 
value for the 11-person RTx control group: 441 (399–561) to 
445 (409–555) (p = 0.118). Further, no significant differences 
were found in the baseline values between patients in the 
treatment and control groups within the HD group (p = 0.849) 
or the RTx group (p = 0.621). After the 12-week training pro-
gram, the median value of the patients in the HD treatment 
group was significantly higher compared to its control group 
(p = 0.030). No significant difference was found between the 

median values among patients in the RTx group (p = 0.081). 
The median change measured at the individual level was 46 
(43–51) in the HD treatment group and 2 (-3–5) in the con-
trol group, with a significant difference between the two 
groups (p < 0.001). The median increase measured at the indi-
vidual level for the RTx treatment group was 55 (47–66) com-
pared to 3 (-2–9) for the control group, and this change was 
significant (p < 0.001). When comparing the delta of the exer-
cisers in the HD group with the delta of the exercisers in the 
RTx group, the median value was significantly lower in the 
HD group (p = 0.023). Significant differences were also 
observed regarding the initial and the post-training median 
values when HD and RTx groups with no stratification were 
compared (p = 0.010 and p = 0.011, respectively). However, the 
median increase between the groups was not significantly 
different (p = 0.367) (Figure 1).

3.2.  Pain

For pain, the initial median score in the HD group was 6 (5.5–
7) in the 12-person training group, which significantly reduced 
to 3 (3–4) by the end of the study (p = 0.002). In the 13-patient 
HD control group, the median scores were 6 (4–6) initially and 
5 (4–6) at the end of the study period; however, this change 
was nonsignificant (p = 0.083). In the RTx group, the initial 
median score for the nine patients who completed the train-
ing was 4 (3–4), which significantly reduced to 2 (1–2) at the 
end of the program (p = 0.008). The median scores for the 11 
participants in the RTx control group for the two timepoints 
remained unchanged at 4 (1–5), a non-significant change 
(p = 0.157). No significant difference was found regarding 
self-assessed pain at baseline between patients in the 

Figure 1. Figure Box plot regarding 6 min walking test. 6 MWT (m): 6-min walk test (meter); HD: hemodialysis; HD+ex: hemodialysis exercise group; 
HD+control: hemodialysis control group; RTx: renal transplant, RTx+ex: renal transplant exercise group; RTx+control: renal transplant control group. 
Significant findings are marked with ‘*’.
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treatment and control groups for either the HD group or the 
RTx group (p = 0.084 and p = 0.621, respectively). After the 
12-week training program, patients in the HD treatment group 
showed significant improvement compared to the HD control 
group (p = 0.001). We also found a significant improvement in 
patients in the RTx treatment group compared to the RTx con-
trol group (p = 0.003). The median change at the individual 
level was −3 (-3.5–-2) in the HD treatment group and 0 (0–0) 
in the control group, indicating a significant difference 
between the two groups (p < 0.001). The median change at the 
individual level was −2 (-2–-1) in the RTx treatment group and 
0 (0–0) in the control group, indicating a significant difference 
between the two groups (p = 0.008). Comparing the delta of 
exercisers in the HD group and the delta of exercisers in the 
RTx group showed no significant difference between the two 
groups (p = 0.051). However, a significant difference was 
observed for the initial and post-training median values when 
comparing the HD and RTx groups without stratification 
(p = 0.001 and p = 0.003, respectively). However, the median 
increase between groups was not significantly different 
(p = 0.215) (Figure 2).

3.3.  Quality of life

For quality of life, the initial median score in the HD treat-
ment group of 12 was 8.5 (7–10.5), which increased signifi-
cantly to 10.5 (9–12) by the end of the study (p = 0.006). In 
the HD control group of 13 patients, the initial median score 
was 10 (7–11), which reduced to 9 (7-11) at the end of the 
study period, although this change was nonsignificant 
(p = 0.317). In the RTx group, the initial median score for the 
nine patients in the treatment group was 10 (7–10), which 
changed to 10 (10–11) at the end of the program, indicating 
a significant increase (p = 0.041). The median scores for the 

11 participants in the RTx control group remained unchanged 
at 10 (9–11). No significant difference in baseline quality of 
life scores was found between patients in the treatment vs 
control groups in either the HD group (p = 0.721) or RTx 
group (p = 0.150). After the 12-week training program, no sig-
nificant difference was found between the median scores of 
patients in the HD treatment vs control group (p = 0.121) or 
between the median scores of patients in the RTx treatment 
vs control group (p = 0.809). The median change at the indi-
vidual level was 1.5 (0–3.5) in the HD treatment group and 
0 (0–0) in the control group, indicating a significant differ-
ence between the two groups (p < 0.001). The median change 
at the individual level was 1 (0–3) in the RTx treatment 
group and 0 (0–0) in the control group, also indicating a sig-
nificant difference between the two groups (p = 0.014). 
Comparing the delta of those who trained in the HD group 
with the delta of those who trained in the RTx group, no 
significant difference was found between the two groups 
(p = 0.913). In terms of quality of life, no significant difference 
was found between the initial and post-training median 
scores when comparing the HD and RTx groups without 
stratification (p = 0.319 and p = 0.272, respectively). The 
median increase between groups was also not significant 
(p = 0.883) (Figure 3).

4.  Discussion

Increasing physical activity is a priority area for lifestyle 
change for people with CKD, as a growing number of stud-
ies have demonstrated the benefits of exercise programs in 
reducing cardiovascular risk factors and pain and improving 
the quality of life in this patient group [23]. In our study, we 
investigated the effect of a combined aerobic and core sta-
bilization exercise program in Hungarian HD and RTx 

Figure 2. Figure Box plot regarding visual analog scale. HD: hemodialysis; HD+ex: hemodialysis exercise group; HD+control: hemodialysis control group; 
RTx: renal transplant; RTx+ex: renal transplant exercise group; RTx+control: renal transplant control group. Significant findings are marked with ‘*’.
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patients. Our main outcomes in both groups of patients 
were improvement in functional capacity, reduction in pain, 
and improvement in quality of life measured at the individ-
ual level. We measured functional capacity using the 6MWT 
in line with Kohl et  al. who found the test has prognostic 
value in the lifespan of CKD patients [24]. Their results 
showed that for every 100 m increase in walking distance 
measured with the 6MWT, the risk of death is reduced by 
5%. In our study, walking distance measured with the 6MWT 
increased significantly in the HD exercise group but 
decreased slightly in the HD control group. In RTx patients, 
walking distance increased significantly in the exercise 
group but did not change significantly in the control group. 
When comparing the 6MWT scores of the HD and RTx 
groups, the RTx group demonstrated better functional status 
at the first assessment. Concerning the mean (delta) scores, 
a significant difference was not found, indicating similar 
improvement among patients in the HD and RTx groups. In 
other words, the program was useful for improving physical 
functioning at both stages of the disease. People with CKD 
often cite pain as a limiting factor for physical activity. In 
addition to pharmacological options, nonpharmacological 
options are also used to manage pain. Although few studies 
have investigated the effectiveness of exercise programs in 
relieving pain in CKD patients, their data have shown posi-
tive results [14,25]. In our study, we found a significant 
reduction in pain severity in both the HD exercise and RTx 
exercise groups, whereas no change was in the control 
groups, suggesting that our exercise program is effective in 
both patient groups. Looking at the overall sample, mem-
bers of the HD group reported higher baseline pain levels 
compared to the RTx group. Quality of life is another import-
ant indicator of the effectiveness and quality of CKD 

treatments. Studies have shown that the health-related qual-
ity of life of CKD patients is significantly reduced regardless 
of the stage of CKD [4,26]. In our study, quality of life was 
significantly improved in the HD treatment group. In con-
trast, scores were slightly reduced in the HD control group; 
however, this was not statistically significant. The same trend 
was seen in the RTx group, as the median remained the 
same in the treatment group but the change in interquartile 
ranges (in 50% of the sample) was more favorable (7–10 at 
baseline vs 10–11 after intervention), while no change was 
seen in the control group. The effectiveness of the exercise 
program is indicated by the fact that the median change in 
quality of life was significant in both the HD and RTx treat-
ment and control groups, suggesting the program was 
equally effective and efficient in both groups.

5.  Conclusion

Our study focused on HD and RTx patients. The combination 
of a core stabilization exercise program with aerobic training, 
which has not been studied in this patient group, revealed 
promising results in terms of functional capacity, pain man-
agement, and improvement in quality of life. Functional capac-
ity, assessed by the 6MWT, was found to be a key indicator of 
improvement in both patient groups. This improvement high-
lights the importance of structured exercise programs in 
increasing mobility and reducing cardiovascular risk factors in 
CKD patients. Chronic pain, which may prevent CKD patients 
from increasing their physical activity, was significantly reduced 
following participation in an exercise program. This result con-
firms that exercise as a nonpharma cological therapy is a good 
tool to alleviate pain and improve the overall well-being of 
CKD patients. Furthermore, our study highlights the positive 

Figure 3. Figure Box plot regarding kidney disease quality of life -short form 12 questionnaire. HD: hemodialysis; HD+ex: hemodialysis exercise group; 
HD+control: hemodialysis control group; RTx: renal transplant; RTx+ex: renal transplant exercise group; RTx+control: renal transplant control group. 
Significant findings are marked with ‘*’.
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impact of exercise on the quality of life of CKD patients and 
the holistic benefits of exercise beyond physical fitness to psy-
chological and emotional well-being.

Our results support the incorporation of personalized 
exercise programs highlighting the significant benefits of 
combined aerobic and core stabilization exercises.

6.  Study limitations

The vast majority of the parameters analyzed were based on 
self-reporting, therefore a possible limitation of this study is 
the reliance on self-reported measures for pain assessment 
and health-related quality of life, which may introduce sub-
jectivity and recall bias.
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