Snd 1utrients

Article

The Effect of Intradialytic Exercise Using Virtual Reality on the
Body Composition of Patients with Chronic Kidney Disease

Marta Romeu-Perales 1, Eva Segura-Orti 2+ Alicia Cana-Poyatos 3(D, Marina Toquero-Correa 4,

2

Vicent Benavent-Caballer 2, Delia Pans-Alcaina 4, Rafael Garcia-Maset ° and Alicia Garcia-Testal °

check for
updates

Citation: Romeu-Perales, M.; Segura-
Orti, E.; Cana-Poyatos, A.; Toquero-
Correa, M.; Benavent-Caballer, V.;
Pans-Alcaina, D.; Garcia-Maset, R.;
Garcia-Testal, A. The Effect of
Intradialytic Exercise Using Virtual
Reality on the Body Composition of
Patients with Chronic Kidney Disease.
Nutrients 2024, 16, 1968. https://
doi.org/10.3390/nu16121968

Academic Editor: Adamasco Cupisti

Received: 15 May 2024
Revised: 13 June 2024
Accepted: 17 June 2024
Published: 20 June 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Biotechnology, Universidad de Valencia, 46010 Valencia, Spain; martaromeu2001@gmail.com
Department of Physiotherapy, Universidad Cardenal Herrera-CEU, CEU Universities, 46115 Valencia, Spain;
marinatc112@gmail.com (M.T.-C.)

Research Unit, Nephrology Service, Hospital de Manises, 46940 Valencia, Spain; cana_ali@gva.es
Hemodialysis Unit Nursing, Nephrology Service, Hospital de Manises, 46940 Valencia, Spain

Nephrology Service, Hospital de Manises, 46940 Valencia, Spain; agtestal@gmail.com (A.G.-T.)

*  Correspondence: esegura@uchceu.es; Tel.: +34-961-369-000

(SR SN

Abstract: Background: Individuals with chronic kidney disease (CKD) often experience reduced
muscle strength and diminished health-related quality of life (HRQoL), and engaging in regular
exercise may improve them. The aim of this study was to assess the effect of intradialytic exercise
using non-immersive virtual reality (VR) on body composition of patients with CKD on hemodialysis
(HD). Methods: This was a substudy in a clinical trial of intradialytic exercise intervention using a non-
immersive VR game in which the patient interacted by moving the lower limbs. Body composition
was determined by BCM Fresenius multifrequency stereoscopic bioimpedance. Body mass index
(BMI), fat tissue index (FTI), lean tissue index (LTI), extracellular/intracellular water (EIW), and
phase angle (PA) were recorded in 52 patients, 24 in the control group (CG) and 28 in the exercise
group (EG). Results: Statistically significant differences were observed between both groups. The LTI
increased in the EG while it decreased in the CG. The FTI and the EIW decreased in the EG compared
to the increase observed in the CG. Conclusions: Intradialytic exercise using non-immersive VR was
associated with an increase in LTI and a decrease in FIT of CKD patients on HD.
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1. Introduction

CKD (CKD) stage 5 is a pathology associated with high morbidity and mortality,
mainly of cardiovascular causes. It is, therefore, an important public health burden.
Hemodialysis (HD) is the most common form of renal replacement therapy [1,2].

Exercise is an intervention that results in important benefits for people undertak-
ing HD [3-6], such as improved functional capacity, physical function, muscle strength,
mood, HRQoL, and survival [4,5]. In addition, aerobic exercise and muscular endurance
during HD improves blood pressure control, lipid profile, and mental health in this pop-
ulation [3-6]. Intradialytic exercise has been recommended due to its high tolerance and
its ability to promote adherence. Despite the benefits of exercise during dialysis, it is not
routinely implemented in clinical practice. The literature reports barriers identified in
patients, such as muscle fatigue, pain, lack of time, lack of an exercise partner, or lack of
place to exercise [7]. Barriers from health care professionals include the lack of experience
and time [8]. The inclusion of exercise experts into the health care programs for HD patients
could provide a deeper understanding of the barriers and benefits of exercise [7]. As an
alternative to overcome these barriers, a new method of intradialytic exercise based on non-
immersive virtual reality (VR) video games has recently been developed [9,10]. It has been
shown in a pilot study that VR exercise was feasible to perform in HD with no differences
in results or adherence compared to a combined exercise program [9]. These results were
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confirmed in another study with a 12-week program that demonstrated significant results
on physical function in a broad battery of functional tests [11]. Furthermore, intradialysis
exercise using VR was safe without presenting hemodynamic instability [10,12], as well as
possible benefits in the reduction in the consumption of healthcare resources and health
micro-costing [13]. This type of program is designed to be like a game, which can help
patients perceive it as enjoyable, and is also easier for dialysis staff to implement, compared
to the conventional exercise training sessions.

Throughout life, body composition undergoes a variety of changes influenced by
genetic factors, hormonal shifts, and lifestyle. Among the observed changes, variations in
body mass, fat, muscle, and bone tissue are remarkable. Increased fat mass and decreased
muscle and bone mass can be associated with several pathologies [14]. The assessment of
body composition is important both for the clinical and the research field. Body composition
is related to health status and to the risk of chronic degenerative disease, and in addition, it
is employed to accurately assess nutritional status [15].

One of the methods for assessing body composition is bioelectrical impedance (BIE).
BIE is an inexpensive, easy, portable, and reproducible method. The “European Working
Group on Sarcopenia in Older People” recommends BIE for monitoring muscle mass in the
assessment of sarcopenia [16]. The technique is based on the principle of the conductivity
of water and the resistance to the passage of an alternating electric current in the body.
Single-frequency and multifrequency BIE are available [15,17]. Multifrequency BIE allows
the assessment of the patient’s nutritional and hydration status [17].

CKD has an impact on the body composition of patients [18]. CKD patients have
a high prevalence of sarcopenia due to increased muscle protein catabolism [19] and,
consequently, low functional capacity, disability, frailty, decreased HRQoL levels, and
increased mortality [20,21]. After learning about the importance of body composition as a
risk factor for morbidity and mortality, interest in measuring it in CKD has increased [17].
Bioimpedance has been used in these patients for monitoring parameters such as muscle
mass, fat content, or hydration [22].

Previous studies have reported the effect of exercise on muscle mass and body com-
position in CKD patients on HD, and their results have been conflicting [22-26]. Several
studies [24,25] reported a significant increase in lean mass after exercise training; however,
other studies reported a decreased LTI [22]. A systematic review including 14 randomized
clinical trials analyzed the impact of physical activity on body composition in CKD stage 5
undergoing HD [26]. The results regarding percentage of body fat, lean body mass, and
BMI were not clear; it is to be noted that the existing evidence is insufficient to prove signifi-
cant beneficial effects of exercise training on body composition. Regarding VR exercise, one
study implemented an exercise program before the HD session and showed a significant
increase in skeletal muscle mass in the exercise group [23]. To our knowledge, no previous
study has reported the results of an intradialytic VR exercise on the body composition of
patients undertaking hemodialysis.

The hypothesis of the present study was that an intradialytic exercise intervention
using non-immersive VR would change the body composition of CKD patients on HD.
Therefore, the aim of this study was to assess the effect of intradialytic exercise using non-
immersive RV on the body composition of patients with CKD on chronic HD treatment.

2. Materials and Methods
2.1. Design

This was a quasi-experimental before-after substudy, in a clinical trial with open
recruitment for 2 years. The clinical trial consisted of an intradialytic exercise intervention
using the non-immersive VR program for 12 months.

The inclusion criteria were being on HD treatment for at least 3 months and being
clinically stable. The exclusion criteria were presenting with a myocardial infarction in the
6 weeks prior to the intervention, unstable angina, amputation of both lower limbs above
the knee without a prosthesis, cerebrovascular disease in the last 6 months such as stroke
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or transient ischemia or with relevant sequelae in the mobility of the lower limbs, and
musculoskeletal or respiratory disorders that worsened on exertion.

All patients participating in the clinical trial who met the following criteria were
included in this substudy. The control group (CG) included patients who participated in
the clinical trial for less than 3 months and dropped out voluntarily, and, at the time of
the present study, have not been engaging in exercise for more than 6 months. Patients
who dropped out due to an incident pathology were excluded from the control group.
The exercise group (EG) included patients who participated in the clinical trial for at least
9 months.

This study was registered at Clinical Trials (NCT04046042). This study obtained eth-
ical approval (approval number 2018/0833) by the Comité de Etica de la Investigacion con
medicamentos; Hospital Universitario y Politécnico La Fe.

2.2. Intervention

The VR program consisted of a video game administered using a computer, a screen,
and a motion-sensing camera. “Treasure Hunt” is a non-immersive VR game in which the
patient must catch targets and avoid obstacles by moving the lower limbs. Participants
started with short gaming times (1 set of 3 min) and progressed to the longest possible
gaming time (6 sets of 6 min, with 1 min rest between sets). The gaming time progressed
depending on the perceived exertion scale (exertion between 6 and 20, with 6 being minimal
effort and 20 being maximum effort). If the participant perceived the session as 11 or lower,
the exercise time increased. For further information about exercise load progression, please
see these references [9,11].

The patients carried out individually adapted exercise sessions, depending on the RPE.
Data on RPE were recorded in every exercise session, and the aim was that the participant
perceived the session between 12 and 15 out of 20. If the participant felt the session as
11 out of 20 for three consecutive sessions, gaming time progressed.

The participants performed 5 min of warming-up and cooling-down exercises at the
start and end of the program, respectively.

Exercise was offered in all HD sessions (3 times a week) to all the included patients.

2.3. Measurements

Body composition was determined by BCM Fresenius® (Bad Homburg v. d. Hohe,
Germany) multifrequency stereoscopic bioimpedance, based on the resistance or opposition
to the passage of an applied electrical current. This is a BIE multifrequency that determines
bioimpedance using values from 3 to 1000 kHz [27].

Body composition measurements were taken using BCM before the dialysis session
at two moments: baseline (before starting the exercise program) and final, between 9 and
12 months after the start of the program. The following was recorded at each measurement:
body mass index (BMI) kg/m?, fat tissue index (FTI) kg/m?, lean tissue index (LTI) kg/m?,
extracellular/intracellular water (EIW), and phase angle (PA) degree.

Variables on metabolic—nutritional control were recorded, such as albumin (g/dL),
hemoglobin (g/dL), potassium (mmol/L), phosphorus (mg/dL), calcium (mg/dL), ferritin
(ng/mL), bicarbonate (mmol/L), triglycerides (mg/dL), and LDL and HDL cholesterol
(mg/dL) determined in peripheral blood.

The descriptive variables included age (years), sex (female/male), etiology of kidney
disease, history of diabetes mellitus (yes/no), time on hemodialysis treatment (years),
vascular access (central venous catheter CVC/arteriovenous fistula AVF), and hemodialy-
sis technique (low-flow hemodialysis, high-flow hemodialysis, online hemodiafiltration),
Charlson index (CI), and dialysis dose in monocompartimental Kt/V, determined in pe-
ripheral blood. The electronic/digital medical record of each patient was the data source.
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2.4. Statistical Analysis

The sample size was estimated using the GRANMO sample size calculator, Version
7.12 April 2012 of the Program of Research in Inflammatory and Cardiovascular Disor-
ders, Institut Municipal d’Investigacié Medica, Barcelona, Spain: https://www.imim.es/
ofertadeserveis/software-public/granmo/ (accessed on 15 January 2019). As reference
values, we used the results of previous studies [24,25]. So, accepting an alpha risk of 0.05
and a beta risk of 0.2 in a two-sided test, 36 subjects were necessary in the first group and
36 in the second to identify a statistically significant difference greater than or equal to
1 unit for lean tissue index. The common standard deviation was assumed to be 2 and the
correlation coefficient between the initial and final measurement as 0.8. The drop out rate
was estimated to be 30%.

Quantitative variables were described as mean (standard deviation) and Qualitative
variables were described in absolute-number percentages (%). Regarding the statistical
methods, in the first approach, a univariate analysis was carried out to compare the
difference in the body composition of the participants before and after completing the
study in both groups: exercise/control. For this, Student’s f test was used for paired and
parametric data of continuous variables and the Mann-Whitney /Wilcoxon rank-sum test
for non-parametric paired data.

In the second approach, a multiple linear regression analysis was carried out where
the result variable was the difference between the values of body composition before
and after this study, and the independent variables were the age, gender, and group
(exercise/control) of all the participants. Probability p values less than 0.05 were considered
statistically significant. All the analyses were performed using R packages available for
this type of study, version 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

Eighty-four patients were included. After the losses reflected in the flowchart (Figure 1),
52 patients remained in this study, 24 were in the control group and 28 in the exercise group.
The general median age of the participants was 73.5 years, with 35% being women. These
baseline characteristics (quantitative and qualitative variables) are listed in Table 1.

Table 1. Descriptive variables of the control group and exercise group.

Variable Control Group n =24 Exercise Group n = 28
Age (years) 63.2 (19.8) 73.4 (10.7)
Gender (women) 9 (37.5) 9 (32.1)
Etiology of chronic kidney disease
Renal vascular disease 3(12.5) 5(17.9)
Glomerulonephritis 3(12.5) 2(7.1)
Diabetic nephropathy 7 (29.2) 10 (35.7)
Unknown etiology 11 (45.8) 11 (39.3)
Mellitus diabetes (yes) 11 (45.8) 11 (39.3)
Charlson index 7.3 (3.1) 7.9 (2.5)
Time in hemodialysis (months) 48.7 (35.7) 50.5 (57.5)
Hemodialysis technique
HFH 15 (62.5) 21 (75.0)
LFH 1(4.2) 1(3.6)
OLHDF 8 (33.3) 6 (21.4)
KtV 1.6 (0.2) 1.8 (0.5)
Body mass index (kg/mz) 25.9 (5.1) 28.2 (5.2)
Fat tissue index (kg/mz) 12.9 (5.8) 16.4 (6.5)

Lean tissue index (kg/m?) 12.0 (3.0) 16.2 (8.5)
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Table 1. Cont.

Variable Control Group n =24 Exercise Group n = 28
Extracellular/intracellular water 1.0 (0.1) 1.1(0.1)
Phase angle degree 4.1 (0.8) 4.0 (0.8)
Albumin (g/dL) 3.86 (0.35) 3.83 (0.38)
Hemoglobin (g/dL) 11.13 (1.30) 11.53 (1.15)
Potassium (mmol/L) 5.15 (1.40) 5.20 (0.66)
Phosphorus (mg/dL) 4.69 (1.54) 4.32 (1.29)
Calcium (mg/dL) 8.94 (0.66) 8.82 (0.44)
Ferritin (ng/mL) 513.74 (339.31) 565.17 (286.92)
Bicarbonate (mmol/L) 22.07 (3.62) 23.76 (3.09)
Triglycerides (mg/dL) 176.25 (108.83) 132.65 (58.19)
Cholesterol LDL (mg/dL) 66.10 (25.12) 55.51 (22.14)

Quantitative variables in mean (SD) and qualitative variables in absolute value (%) in the same column. HFH: high-
flow hemodialysis; LFH: low-flow hemodialysis; OLHDEF: online hemodialysis.

‘ Patients selected for the clinical trial ‘

(n=284)

Intervention (n=46) Non-intervention (n=38) ‘

Excluded

Drop out before 9 > N=11: No BIE
months (n=18)

N=3: Drop out the program exercise due to
Amputation (1), dementia (1) and visual

impairment (1)

EXERCISE GROUP
(n=28)

CONTROL GROUP

(n=24)

240% ADHERENCE

(n=17)

Figure 1. Flowchart of patients participating in the control group and exercise group in this study.

Regarding adherence, the patients in the exercise group performed an average of 42%
of the exercise sessions offered.

A first analysis of the changes in body composition of the final measurement, deter-
mined between 9 and 12 months after the start of the exercise program, compared to the
baseline measurement, was carried out. The results of the comparison between groups are
shown in Table 2.

Significant differences in FTI and EIW were observed in the whole exercise group
(N = 28); however, the changes on LTI were significant only in patients who performed
more than 40% of the exercise sessions offered (N = 17).
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Table 2. Variation of body composition (Final-Baseline) in the control group and the exercise group.

Variable 2 Control Group Exercise Group p Value
BMI (kg/m?) —0.097 —0.021 0.934
FTI (kg/m?) 0.725 —0.757 0.016 *

LTI® (kg/m?) —0.383 1.506 0.001 *
EIW 0.047 —0.024 0.021 *
PA degree —0.083 —0.106 0.614

Legend: BMI: Body mass index; EIW: Extracellular/intracellular water; FTI: Fat tissue index; LTI: Lean tissue
index; PA: Phase angle. Statistical analysis on BMI and PA using the Mann-Whitney non-parametric test; FTI, LTI,
and EIW were analyzed using Student’s t test. * p value < 0.05. # The results expressed in the table correspond to

the change (Final-Baseline). b Patients in the exercise group with adherence to sessions > 40% (N = 17).

Statistically significant differences (p value < 0.05) were observed between both groups
in the variables FTI (Figure 2), LTI (Figures 3 and 4), and EIW (Figure 5). In the exercise
group, LTI increased, while it decreased in the control group; FTI and EIW decreased in the
exercise group compared to the increase observed in the control group. Changes in PA are

shown in Figure 6.

Control

Exercise

Figure 2. Changes (Final-Baseline) at the end of the intervention in fat tissue index (FTT) (kg/ m?).

_

'
e

o

T

Control

T

Exercise

Figure 3. Changes (Final-Baseline) at the end of the intervention in lean tissue index in the whole

sample (LTI) (kg/ m?).
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Control

Exercise

Figure 4. Changes (Final-Baseline) at the end of the intervention in lean tissue index (LTI) (kg/ m?);

patients in the exercise group with adherence > 40% (N = 17).
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Figure 5. Changes (Final-Baseline) at the end of the intervention in extracellular/intracellular

water (EIW).
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Figure 6. Changes (Final-Baseline) at the end of the intervention in phase angle degree (PA).
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Table 3 shows the regression analysis of the changes (final—baseline) in body compo-
sition of the exercise group compared to the control group for the variables with significant
association in the initial analysis (FT1, LTI, EIW, PA). The effect was corrected for age and
sex. For the full results, see Supplementary Material (Table S1).

Table 3. Regression analysis of changes in body composition in the exercise group compared to the
control group.

Variable 2 Estimate Std. Error Lower 95% Upper 95% p Value
FTI (kg/m?) -1.2 0.598 —2.402 0.002 0.05
LTI? (kg/m?) 2.110 0.551 0.993 3.228 0.001 *
EIW —0.084 0.031 —0.015 —0.021 0.01*
PA degree 0.087 0.163 —0.242 0.415 0.59

Legend: EIW: Extracellular/intracellular water; FTT: Fat tissue index; LTI: Lean tissue index; PA: Phase angle.
Variables are studied by multiple linear regression analysis. * p value < 0.05. # The results expressed in the table
correspond to the change (Final-Baseline). b Patients in the exercise group with adherence to sessions > 40%
(N =17).

Several metabolic—nutritional variables were controlled. Table 4 shows the results of
the analysis using the Mann-Whitney U Test, final minus baseline, with no differences
between groups.

Table 4. Mann-Whitney U test analysis of changes in metabolic-nutritional variables in the exercise
group compared to the control group.

Exergs: ;-lsroup Con;c\rloi glroup p-Value
Albumin (g/dL) —0.16 (0.32) —0.12 (0.42) 0.8153
Hemoglobin (g/dL) —0.01 (1.14) 0.20 (1.87) 0.8502
Potassium (mmol/L) —0.09 (0.72) 0.17 (0.84) 0.2092
Phosphorus (mg/dL) —0.35 (1.37) —0.44 (1.38) 0.8765
Calcium (mg/dL) 0.04 (0.55) 0.05 (0.76) 0.9322
Ferritin (ng/mL) 100.63 (366.23) 51.96 (325.06) 0.7362
Bicarbonate (mmol/L) —1.1(3.68) 0.57 (3.83) 0.1049
Triglycerides (mg/dL) 6.88 (55.32) —6.54 (81.95) 0.853
Cholesterol LDL (mg/dL) 4.28 (16.59) —0.49 (22.06) 0.6395

4. Discussion

The present study shows an increase in lean mass and a decrease in fat mass in
hemodialysis patients after an intradialytic exercise program using VR. These effects are
relevant in two ways. On the one hand, improving lean mass can result in important
benefits linked to the treatment of sarcopenia. On the other hand, these results reflect
the positive effects produced by a VR exercise program designed to facilitate intradialytic
exercise for CKD patients.

Sarcopenia in patients with CKD on HD is associated with decreased functional capac-
ity, increased morbidity, increased mortality, and decreased HRQoL [20,28]. Intervention is
recommended in sarcopenia through exercise programs and nutrition guidelines [29]. The
importance of exercise training has been pointed out due to the positive changes it produces
on patients’ muscles, both in terms of structure and function [30]. However, exercise during
HD is not considered a clinical routine, and exercise adherence is poor [9]. The implemen-
tation of exercise programs is well below the needs. That is why new methods have been
proposed to generalize the practice, such as intradialytic exercise or incorporating new
technologies. Recently, the benefits in strength, functional capacity and HRQoL of exercise
based on non-immersive VR videogames specifically designed to be performed during HD
have been verified [10,11]. In previous studies of VR exercise during HD treatment, after



Nutrients 2024, 16, 1968

90of 13

12 weeks of exercise, physical function improved, compared to the control group [11]. Until
now, its effects on muscle mass were unknown.

In healthy adults, resistance training not only increases muscle strength and improves
physical function but also increases skeletal muscle mass compared to the non-exercising
controls. Load and weekly frequency impacted increases in muscular strength but not
muscle hypertrophy. Volume (number of sets) influenced muscular strength and hypertro-
phy. Contraction type also impacted skeletal muscle hypertrophy (eccentric-favored) [30].
However, previous studies on the effects of exercise in HD patients have shown conflicting
results [26].

A VR exercise program using Nintendo’s Wii Fit Plus (tool created for the general
population) was implemented in HD patients prior to the dialysis session. This study
showed improvements in skeletal muscle mass measured using an Inbody s10 body com-
position analyzer (Biospace, Seoul, South Korea), from 25.1 kg to 26.2 kg, while there were
no significant differences in the control group. In addition, the exercise group showed a
decrease in body fat of 0.8% [23]. The present study used a platform developed specifically
to implement an intradialytic exercise program for patients on HD.

In the study by Kopple et al. [31], resistance and combined exercises were performed
three times per week. Resistance training was performed immediately before the start of
HD treatment, and aerobic training was performed during the first 60 min of each HD
session. The exercise program lasted 18 weeks. They observed an increase in lean body
mass of 0.4 kg in the case of resistance exercises and an increase in lean body mass of 0.5 kg
in the case of combined exercises in the exercise group. In the non-active group, lean mass
increased by 0.7 kg. Differences between groups were not significant [31]. Similar results
were obtained in the study by Marinho et al. [32], noting a non-significant increase in lean
mass in both groups. Chen et al. [33] who studied the effect of strength training during
HD, observed that the exercise group increased, although not significantly, the value of
lean body mass by 2.1 kg [33]. Lopes et al. [34] and Rosa et al. [35] observed the effect
of resistance and strength intradialytic exercises, respectively, three times per week for
12 weeks. They did not find significant changes. In the subjects who did not exercise, it
decreased or presented a smaller increase. There were no significant differences between
groups [34,35].

On the contrary, in the study by Johansen et al. [36], 12 weeks of resistance exercise,
performed during HD sessions three times a week, resulted in decreased lean body mass in
both the exercise and control groups, with the decrease being greater in the exercise group
with no significant difference between groups. In the exercise group, it decreased 0.4 kg,
while in the control group, the value of lean body mass decreased 0.2 kg. Yuguero et al. [22]
reported that an intradialytic exercise program performed twice a week for 6 months
with high adherence (70.8%) was associated with a significant improvement in exercise
capacity, strength, adherence, physical function, and HRQoL. Regarding the variation in
body composition, they found a significant increase; the patients who exercised increased
their body weight by almost 1 kg, with an increase in BMI and FTI (increase of 1 kg/m?).
However, LTI decreased by 0.5 kg/m?, although this turned out not to be a statistically
significant change [22].

Vasilki et al. [24] aimed to determine the effects of a 4-month intradialytic exercise
program on functional capacity and body composition in patients who were candidates
for kidney transplantation undergoing HD treatment and included 15 participants in the
exercise group and 14 participants in the usual care group. As in our study, the analysis of
body composition indices was performed using BIA. At the end of Vasilki et al.’s study,
the exercise group had a significant increase in lean mass of 2.7%. In addition, there was a
significant reduction of 6.6% in the fat mass index. These results report a trend of change in
body composition similar to that observed by our team after an exercise program using VR.
Torres et al. [25] observed a similar effect in HD patients after 3 months of exercise training.
The final LTI was 16.2 4 2.9 kg/m?, while the baseline value was 14.9 + 3.7 kg/m?. In the
present study, we have been able to verify improvements in lean mass and a decrease in fat
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tissue after applying an intradialytic exercise program through VR designed specifically
for HD patients, reaching an increase in LTI in the exercise group of 1.5 kg/m? for patients
with adherence to exercise greater than 40% of the sessions. In addition, the FTI decreased
by 0.75 kg/m?.

Therefore, the results in previous studies are contradictory, most frequently showing
an increase in muscle mass, although not always significant. Longer interventions, such as
the one developed in the present study, may be necessary to observe the results of exercise
on the muscle mass of HD patients. Furthermore, the changes on LTI were significant
only in patients who performed more than 40% of the offered exercise sessions. So, longer
interventions with greater adherence could be the key to significant results on muscle mass
in HD patients.

The main limitation of this study was the lack of randomization in the groups. This
study was expressly designed in this way, since the benefits of exercise in HD patients are
well known; so, not offering this intervention to some of the participants would not have
been ethical. Thus, the exercise was offered to all patients who agreed to participate, and
only those who participated for less than 3 months and had not performed the program
for more than 6 months at the time of the measurements were included in the control
group. We consider that, after this time, we can accept these patients as a control group.
After overcoming the ethical limitations, it is important to consider that the patients who
dropped out of the program may differ from those who continued. This limitation persists
in our methodology. However, this was the best possible control group considering that
having a non-exercise group was not deemed ethically acceptable. Previous studies have
used patients who have not completed exercise programs as the control group [4], thus
avoiding leaving patients out without offering intervention. Another limitation was that the
determination of the lean mass of a patient on HD can be affected by the fluid balance [26].
We believe that this factor did not overestimate the lean mass results of the patients in the
exercise group, because these patients decreased the ratio of extracellular/intracellular
water after the exercise program. As described in the KDOQI 2020 nutrition guide “KDOQI
Clinical Practice Guide-line for Nutrition in CKD: 2020 Update” [37], it is recommended
that body composition is measured using BIE 30 min after the end of the HD session.
However, the guidelines accept pre-dialysis measurements; conducting them after the
session has ended presents challenges. In this sense, it is relevant to always perform the BIE
at the same time for it to be comparable, and this was performed in the present study. On
the other hand, this study did not control possible changes in the nutritional habits of the
participants; the same dietary recommendations were made for the patients in the exercise
group and the control group. These recommendations were the general recommendations
for HD patients. Moreover, changes in basic nutritional variables were controlled without
observing differences between the groups.

Regarding the VR exercise program applied in this study, we must specify that it was
a low-intensity resistance training exercise program, since playing the VR translates into
many repetitions of hip flexion and abduction with no added weight (only movement
against gravity). Therefore, exercise of greater intensity (adding loads) could result in larger
results. Another relevant limitation was adherence to the program, which could attenuate
the effect. The results obtained in previous studies [9] report that adherence to the exercise
program is more important than the type of exercise in achieving significant changes in the
physical function of patients with CKD on HD. In our study, we have separately analyzed
the effect on lean mass for patients with adherence greater than 40% of the sessions offered,
evidencing positive effects. This measure can serve as the minimum adherence objective to
be pursued in future programs, in the quest for effects on lean mass. Finally, we did not
compare VR exercise with conventional intradialytic exercise regarding the impact on body
composition. Future studies should clarify which is the best exercise modality.
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5. Conclusions

In conclusion, intradialytic exercise using non-immersive VR is associated with an
increase in lean tissue and a decrease in fat tissue in the body composition of CKD patients
undergoing chronic HD treatment.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/nu16121968 /51, Table S1: Variable analysis using multiple linear regression.

Author Contributions: M.R.-P. and A.C.-P. participated in data collection, intervention, analysis,
and writing and reviewing the manuscript. E.S.-O. and A.G.-T. participated in the design, data
collection, intervention, analysis, and writing and reviewing the manuscript. M.T.-C., V.B.-C., D.P-A.
and R.G.-M. participated in intervention and reviewing the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research has received specific support from the public sector through a research project
(PID2019-108814RA-100) from the Spanish Government ‘Ministerio de Ciencia e Innovacién’.

Institutional Review Board Statement: This experimental protocol respected the fundamental
principles established in the Declaration of Helsinki, in the Council of Europe Convention on Human
Rights and Biomedicine, in the UNESCO Universal Declaration on the Human Genome and Human
Rights, and also meets the requirements established in Spanish legislation according to the Data
Protection Law 15/1999 of December 13, in the field of biomedical research and the protection of
personal data and bioethics.

Informed Consent Statement: Informed consent was obtained from the patients prior to being included.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request. The data are not publicly available
due to privacy.

Acknowledgments: We thank the patients for their participation in this study.

Conflicts of Interest: The authors have no conflicts of interest in relation to this study.

References

1. Bello, A.K.; Okpechi, I.G.; Osman, M.A ; Cho, Y.; Htay, H.; Jha, V.; Wainstein, M.; Johnson, D.W. Epidemiology of haemodialysis
outcomes. Nat. Rev. Nephrol. 2022, 18, 378-395. [CrossRef]

2. Ammirati, A.L. Chronic Kidney Disease. Rev. Assoc. Med. Bras. 2020, 66 (Suppl. S1), s03-s09. [CrossRef]

3. Segura-Orti, E. Ejercicio en pacientes en hemodialisis: Revision sistemdtica de la literatura [Exercise in haemodyalisis patients: A
literature systematic review]. Nefrologia 2010, 30, 236-246. [CrossRef]

4. Greenwood, S.A.; Castle, E.; Lindup, H.; Mayes, J.; Waite, I.; Grant, D.; Mangahis, E.; Crabb, O.; Shevket, K.; Macdougall, 1.C.;
et al. Mortality and morbidity following exercise-based renal rehabilitation in patients with chronic kidney disease: The effect of
programme completion and change in exercise capacity. Nephrol. Dial. Transplant. 2019, 34, 618-625, Corrected in Nephrol. Dial.
Transplant. 2020, 35, 1452. [CrossRef]

5. Tabibi, M.A.; Cheema, B.; Salimian, N.; Corréa, H.L.; Ahmadi, S. The effect of intradialytic exercise on dialysis patient survival: A
randomized controlled trial. BMC Nephrol. 2023, 24, 100. [CrossRef]

6.  Anding-Rost, K.; von Gersdorff, G.; von Korn, P,; Thorst, G.; Josef, A.; Kaufmann, M.; Huber, M.; Bir, T.; ZeifSler, S.; Hofling, S.;
et al. Exercise during Hemodialysis in Patients with Chronic Kidney Failure. NEJM Evid. 2023, 2, EVID0a2300057. [CrossRef]

7. Delgado, C.; Johansen, K.L. Barriers to exercise participation among dialysis patients. Nephrol. Dial. Transplant. 2012, 27,
1152-1157. [CrossRef]

8. Michou, V.; Kouidj, E.; Liakopoulos, V.; Dounousi, E.; Deligiannis, A. Attitudes of hemodialysis patients, medical and nursing
staff towards patients’ physical activity. Int. Urol. Nephrol. 2019, 51, 1249-1260. [CrossRef]

9. Segura-Orti, E.; Pérez-Dominguez, B.; Ortega-Pérez de Villar, L.; Meléndez-Oliva, E.; Martinez-Gramage, J.; Garcia-Maset, R.;
Gil-Gémez, J.A. Virtual reality exercise intradialysis to improve physical function: A feasibility randomized trial. Scand. J. Med.
Sci. Sports 2019, 29, 89-94. [CrossRef]

10. Segura-Orti, E.; Garcia-Testal, A. Intradialytic virtual reality exercise: Increasing physical activity through technology. Semin. Dial.
2019, 32, 331-335. [CrossRef]

11. Martinez-Olmos, EJ.; Gomez-Conesa, A.A.; Garcia-Testal, A.; Ortega-Pérez-de-Villar, L.; Valtuefia-Gimeno, N.; Gil-Gémez, ] A;

Garcia-Maset, R.; Segura-Orti, E. An intradialytic non-immersive virtual reality exercise programme: A crossover randomized
controlled trial. Nephrol. Dial. Transplant. 2022, 37, 1366-1374. [CrossRef]


https://www.mdpi.com/article/10.3390/nu16121968/s1
https://www.mdpi.com/article/10.3390/nu16121968/s1
https://doi.org/10.1038/s41581-022-00542-7
https://doi.org/10.1590/1806-9282.66.S1.3
https://doi.org/10.3265/Nefrologia.pre2010.Jan.10229
https://doi.org/10.1093/ndt/gfy351
https://doi.org/10.1186/s12882-023-03158-6
https://doi.org/10.1056/EVIDoa2300057
https://doi.org/10.1093/ndt/gfr404
https://doi.org/10.1007/s11255-019-02179-1
https://doi.org/10.1111/sms.13304
https://doi.org/10.1111/sdi.12788
https://doi.org/10.1093/ndt/gfab213

Nutrients 2024, 16, 1968 12 of 13

12.

13.

14.

15.
16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Garcia-Testal, A.; Martinez-Olmos, FJ.; Gil-Gémez, ].A.; Lopez-Tercero, V.; Lahoz-Cano, L.; Hervds-Marin, D.; Cana-Poyatos, A.;
Garcia-Maset, R.; Royo-Maicas, P.; Segura-Orti, E. Hemodynamic Tolerance of Virtual Reality Intradialysis Exercise Performed
during the Last 30 Minutes versus the Beginning of the Hemodialysis Session. Healthcare 2022, 11, 79. [CrossRef]

Garcia-Testal, A.; Martinez-Olmos, FJ.; Gil-Gomez, J.A.; Villalon-Coca, J.; Ortiz-Ramoén, R.; Cana-Poyatos, A.; Garcia-Maset,
R.; Segura-Orti, E. Impact of an intradialysis virtual-reality-based exercise program on healthcare resources expenditure: A
micro-costing analysis. BMC Nephrol. 2022, 23, 230. [CrossRef]

Gomez-Cabello, A.; Vicente Rodriguez, G.; Vila-Maldonado, S.; Casajus, J.A.; Ara, I. Envejecimiento y composicién corporal: La
obesidad sarcopénica en Espafia [Aging and body composition: The sarcopenic obesity in Spain]. Nutr. Hosp. 2012, 27, 22-30.
[CrossRef]

Kuriyan, R. Body composition techniques. Indian . Med. Res. 2018, 148, 648—658. [CrossRef]

Cruz-Jentoft, A.].; Baeyens, ].P; Bauer, ].M.; Boirie, Y.; Cederholm, T.; Landi, F; Martin, F.C.; Michel, J.P,; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010, 39, 412—423. [CrossRef]

Scotland, G.; Cruickshank, M.; Jacobsen, E.; Cooper, D.; Fraser, C.; Shimonovich, M.; Marks, A.; Brazzelli, M. Multiple-frequency
bioimpedance devices for fluid management in people with chronic kidney disease receiving dialysis: A systematic review and
economic evaluation. Health Technol. Assess. 2018, 22, 1-138. [CrossRef]

Johansen, K.L.; Lee, C. Body composition in chronic kidney disease. Curr. Opin. Nephrol. Hypertens. 2015, 24, 268-275. [CrossRef]
Wilkinson, T.J.; Miksza, J.; Yates, T.; Lightfoot, C.J.; Baker, L.A.; Watson, E.L.; Zaccardi, F; Smith, A.C. Association of sarcopenia
with mortality and end-stage renal disease in those with chronic kidney disease: A UK Biobank study. J. Cachexia Sarcopenia
Muscle 2021, 12, 586-598. [CrossRef]

Zhou, Y.; Hellberg, M.; Svensson, P.; Hoglund, P.; Clyne, N. Sarcopenia and relationships between muscle mass, measured
glomerular filtration rate and physical function in patients with chronic kidney disease stages 3-5. Nephrol. Dial. Transplant. 2018,
33, 342-348. [CrossRef]

Carrero, ].J.; Chmielewski, M.; Axelsson, J.; Snaedal, S.; Heimbtirger, O.; Barany, P.; Suliman, M.E.; Lindholm, B.; Stenvinkel, P,;
Qureshi, A.R. Muscle atrophy, inflammation and clinical outcome in incident and prevalent dialysis patients. Clin. Nutr. 2008, 27,
557-564. [CrossRef]

Yuguero-Ortiz, A.; Gomez, M.; Arias-Guillén, M.; Ojeda, R.; Fontseré, N.; Rodas, L.; Broseta, ].].; Vera, M.; Hernandez-Sanchez, S.;
Maduell, F. Impact and safety outcomes of an intradialytic physical exercise program. Nefrologia 2021, 41, 556-565. [CrossRef]
Cho, H.; Sohng, K.Y. The effect of a virtual reality exercise program on physical fitness, body composition, and fatigue in
hemodialysis patients. J. Phys. Ther. Sci. 2014, 26, 1661-1665. [CrossRef]

Michou, V.; Davioti, M.; Syrakou, N.; Liakopoulos, V.; Deligiannis, A.; Kouidi, E. Effects of a Combined Intradialytic Exercise
Training Program on Functional Capacity and Body Composition in Kidney Transplant Candidates. J. Funct. Morphol. Kinesiol.
2023, 8, 9. [CrossRef] [PubMed]

Torres, E.; Aragoncillo, I.; Moreno, J.; Vega, A.; Abad, S.; Garcia-Prieto, A.; Macias, N.; Hernandez, A.; Godino, M.T.; Luiio, J.
Exercise training during hemodialysis sessions: Physical and biochemical benefits. Ther. Apher. Dial. 2020, 24, 648-654. [CrossRef]
[PubMed]

Bakaloudi, D.R.; Siargkas, A.; Poulia, K.A.; Dounousi, E.; Chourdakis, M. The Effect of Exercise on Nutritional Status and Body
Composition in Hemodialysis: A Systematic Review. Nutrients 2020, 12, 3071. [CrossRef]

Mayne, K.J.; Lees, ].S.; Herrington, W.G. Bioimpedance in CKD: An untapped resource? Nephrol. Dial. Transplant. 2023, 38,
583-585. [CrossRef] [PubMed]

Hussien, H.; Apetrii, M.; Covic, A. Health-related quality of life in patients with chronic kidney disease. Expert Rev. Pharmacoecon.
Outcomes Res. 2021, 21, 43-54. [CrossRef]

Mori, K. Maintenance of Skeletal Muscle to Counteract Sarcopenia in Patients with Advanced Chronic Kidney Disease and
Especially Those Undergoing Hemodialysis. Nutrients 2021, 13, 1538. [CrossRef]

Mcleod, J.C.; Currier, B.S.; Lowisz, C.V.; Phillips, S.M. The influence of resistance exercise training prescription variables on
skeletal muscle mass, strength, and physical function in healthy adults: An umbrella review. J. Sport Health Sci. 2024, 13, 47-60.
[CrossRef]

Kopple, ].D.; Wang, H.; Casaburi, R.; Fournier, M.; Lewis, M.I; Taylor, W.; Storer, T.W. Exercise in maintenance hemodialysis
patients induces transcriptional changes in genes favoring anabolic muscle. J. Am. Soc. Nephrol. 2007, 18, 2975-2986. [CrossRef]
Marinho, S.M.; Mafra, D.; Pelletier, S.; Hage, V.; Teuma, C.; Laville, M.; Eduardo, ].C.C.; Fouque, D. In Hemodialysis Patients,
Intradialytic Resistance Exercise Improves Osteoblast Function: A Pilot Study. J. Ren. Nutr. 2016, 26, 341-345. [CrossRef]

Chen, J.L.; Godfrey, S.; Ng, T.T.; Moorthi, R.; Liangos, O.; Ruthazer, R.; Jaber, B.L.; Levey, A.S.; Castaneda-Sceppa, C. Effect of
intra-dialytic, low-intensity strength training on functional capacity in adult haemodialysis patients: A randomized pilot trial.
Nephrol. Dial. Transplant. 2010, 25, 1936-1943. [CrossRef]

Lopes, L.C.C.; Mota, J.E; Prestes, J.; Schincaglia, R.M.; Silva, D.M.; Queiroz, N.P.; de Souza Freitas, A.T.V,; Lira, ES.; Peixoto,
M.D.R.G. Intradialytic Resistance Training Improves Functional Capacity and Lean Mass Gain in Individuals on Hemodialysis: A
Randomized Pilot Trial. Arch. Phys. Med. Rehabil. 2019, 100, 2151-2158. [CrossRef]


https://doi.org/10.3390/healthcare11010079
https://doi.org/10.1186/s12882-022-02859-8
https://doi.org/10.3305/nh.2012.27.1.5502
https://doi.org/10.4103/ijmr.IJMR_1777_18
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.3310/hta22010
https://doi.org/10.1097/MNH.0000000000000120
https://doi.org/10.1002/jcsm.12705
https://doi.org/10.1093/ndt/gfw466
https://doi.org/10.1016/j.clnu.2008.04.007
https://doi.org/10.1016/j.nefroe.2021.12.002
https://doi.org/10.1589/jpts.26.1661
https://doi.org/10.3390/jfmk8010009
https://www.ncbi.nlm.nih.gov/pubmed/36648901
https://doi.org/10.1111/1744-9987.13469
https://www.ncbi.nlm.nih.gov/pubmed/31886624
https://doi.org/10.3390/nu12103071
https://doi.org/10.1093/ndt/gfac275
https://www.ncbi.nlm.nih.gov/pubmed/36260361
https://doi.org/10.1080/14737167.2021.1854091
https://doi.org/10.3390/nu13051538
https://doi.org/10.1016/j.jshs.2023.06.005
https://doi.org/10.1681/ASN.2006070794
https://doi.org/10.1053/j.jrn.2016.03.002
https://doi.org/10.1093/ndt/gfp739
https://doi.org/10.1016/j.apmr.2019.06.006

Nutrients 2024, 16, 1968 13 of 13

35.

36.

37.

Rosa, C.S.D.C.; Nishimoto, D.Y.; Souza, G.D.E.; Ramirez, A.P,; Carletti, C.O.; Daibem, C.G.L.; Sakkas, G.K.; Monteiro, H.L. Effect
of continuous progressive resistance training during hemodialysis on body composition, physical function and quality of life in
end-stage renal disease patients: A randomized controlled trial. Clin. Rehabil. 2018, 32, 899-908. [CrossRef]

Johansen, K.L.; Painter, P.L.; Sakkas, G.K.; Gordon, P.; Doyle, J.; Shubert, T. Effects of resistance exercise training and nandrolone
decanoate on body composition and muscle function among patients who receive hemodialysis: A randomized, controlled trial.
J. Am. Soc. Nephrol. 2006, 17, 2307-2314. [CrossRef] [PubMed]

Ikizler, T.A.; Burrowes, ].D.; Byham-Gray, L.D.; Campbell, K.L.; Carrero, ].J.; Chan, W.; Fouque, D.; Friedman, A.N.; Ghaddar, S.;
Goldstein-Fuchs, D.J.; et al. KDOQI Clinical Practice Guideline for Nutrition in CKD: 2020 Update. Am. J. Kidney Dis. 2020, 76
(Suppl. S1), S1-5107. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/0269215518760696
https://doi.org/10.1681/ASN.2006010034
https://www.ncbi.nlm.nih.gov/pubmed/16825332
https://doi.org/10.1053/j.ajkd.2020.05.006
https://www.ncbi.nlm.nih.gov/pubmed/32829751

	Introduction 
	Materials and Methods 
	Design 
	Intervention 
	Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

