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Summary
Background. In hemodialysis (HD) patients, age-related muscle loss and body composition
changes are more intense than in those with normal renal function. This study aimed to
determine the effects of functional training in addition to intradialytic cycling exercise,
compared to intradialytic cycling alone on body composition in HD patients.
Material and methods. Patients were randomized to an experimental group (n=20; functional
training and intradialytic cycling) or control group (n=20; intradialytic cycling) over 16 weeks.
In the first 8 weeks, the experimental group attended guided functional training before dialysis,
and afterward performed functional training at home.
Results. After 16 weeks, a significant intergroup difference was found only in total body water
only (p=0.037) infavor of the experimental group. Significantintragroup changes were found for
weight (after 8 weeks: p=0.009; after 16 weeks: p=0.012), waist circumference (after 8 weeks:
p=0.026; after 16 weeks: p=0.044), and BMI (after 16 weeks: p=0.046) in the experimental
group and for fat tissue index (after 16 weeks: p=0.038) in the control group. Overall exercise
compliance was high, reaching more than two-thirds of prescribed exercise volumes.
Conclusions. Our results showed increased weight and BMI following functional training in
HD patients. This increase was not a result of an increase in body fat, which was illustrated by
unchanged results in fat tissue index.
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Streszczenie
Wprowadzenie. U pacjentéw poddawanych hemodializie zwigzane z wiekiem utrata mies$ni
i zmiany w sktadzie ciata sa bardziej intensywne niz u oséb z prawidtowym funkcjonowaniem
nerek. Celem badania byto okreslenie wplywu treningu funkcjonalnego jako dodatku
do $roéddializacyjnych ¢wiczen na rowerze w poréwnaniu z samymi $réddializacyjnymi
¢wiczeniami na rowerze na sktad ciata pacjentéw poddawanych hemodializie.
Material i metody. Pacjenci zostali losowo przypisani do grupy do$wiadczalnej (n=20, trening
funkcjonalny i $réddializacyjna jazda na rowerze) albo kontrolnej (n=20, sréddializacyjna
jazda na rowerze) na 16 tygodni. Przez pierwszych osiem tygodni grupa do$wiadczalna
uczestniczyta w prowadzonych przez trenera treningach funkcjonalnych przed poddaniem sie
dializie i wykonywata trening funkcjonalny w domu.
Wyniki. Po 16 tygodniach pomiedzy grupami zaszta istotna zmiana w zakresie catkowitej
zawartos$ci wody w ciele (p=0,037) na korzys¢ grupy do$wiadczalnej. Wykazano zasadnicze
réznice miedzy grupami w zakresie wagi (po 8 tygodniach: p=0,009; po 16 tygodniach:
p=0,012), obwodu pasa (po 8 tygodniach: p=0,026; po 16 tygodniach p=0,044) i wartosci
BMI (po 16 tygodniach: p=0,046) w grupie do$wiadczalnej oraz w zakresie wskaznika tkanki
thuszczowej (po 16 tygodniach: p=0,038) w grupie kontrolnej. Ogdlna zgodnos$¢ ¢wiczen byta
wysoka i siegata ponad 2/3 przepisanych ¢wiczen.
Whioski. Wyniki wykazaty zwiekszong wage i BMI w nastepstwie treningu funkcjonalnego
u pacjentéw poddawanych dializoterapii. Wzrost ten nie byt efektem zwiekszenia zawartosci
thuszczu w ciele, co potwierdzit brak zmian we wskazniku tkanki ttuszczowej.

Stowa kluczowe: hemodializa, sktad ciata, trening funkcjonalny, ¢wiczenia sréddializacyjne
narowerze, wptyw
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Introduction

Chronic kidney disease (CKD) is an increasing public health issue, with an estimated prevalence of 8%-16%
worldwide [1]. Although options, such as hemodialysis (HD), reduce mortality and morbidity, end-stage kidney
disease patients still experience meaningfully poor physical fitness, psychosocial problems, and lower quality
of life [2]. Body fat measurement in HD patients is essential, as even minor changes in total body fat may have
a significant impact on patient survival [3]. Increased body fat has been positively correlated with increased
proinflammatory cytokines in dialysis patients [4].

Ruiz et al. found a high prevalence of obesity in HD patients and recommended physical exercise [5].
Intradialytic cycling is the most common intradialytic exercise that was shown to improve exercise capacity
[6], physical function, quality of life [6,7], and blood pressure [7] in HD patients. Wilund et al. [8] found that
intradialytic endurance exercise training reduced the thickness of the epicardial fat layer by 11%. However,
according to Mobbs & Makimura [9], there is undistinguishable advice for obese individuals to lose fat in medical
practice. Moreover, a defined practice that dialysis patients should aggressively lose weight as a prerequisite to
be listed and to remain on kidney transplant waiting lists is questionable [10]. On the contrary, Carrero etal. [11]
showed that large body size and higher fat mass are linked with better survival in dialysis patients. Therefore,
clinical trials to increase weight, muscle mass, and even body fat in dialysis patients may be needed instead of
decreasing the mentioned body composition parameters [3].

Functional training is designed to simulate the activities of daily living [12]. It is composed of lower body
and upper body movements with multi-joint activities [13]. Functional training in older adults demonstrated
positive effects on muscle strength, daily living activities, and physical functioning [14]. [t was stated that this
training type, which imitates daily tasks, yields the most significant performance gains.

A most recent meta-analysis showed the largest effect sizes for combined types of exercise compared to
solely aerobic or resistance training types [15]. Therefore, due to paradoxical findings that have led to confusion
with regard to weight management in HD patients, we have conducted a study to determine the effects of
functional training added to intradialytic exercise on body composition in HD patients, and compared that to
intradialytic exercise alone. Additionally, we examined the effects of an unsupervised, home-based functional
exercise program on body composition in the functional training group.

Material and methods

The present study is a sub-analysis of a randomized, interventional, controlled trial comparing two types
of exercise training prescription and counseling in HD patients [16]. Eighty-two HD patients were approached
in the HD units of the University Medical Centre, Ljubljana, Slovenia. Forty patients were randomly assigned
to either a kinesiologist-guided functional training coupled with intradialytic cycling (n=20, age: 65.2+12.1
years), or intradialytic cycling only (n=20, age: 61.9+13.0 years). Group allocation was performed by a computer
program (Random Allocation Software). Thirty-four patients were analyzed at the end of the study. The flow of
the subjects is presented in Figure 1.

The inclusion criteria were the following: end-stage kidney disease, renal replacement therapy with HD>3
months, age 18-90 years, capable of independent walking and feeding, in a stable medical condition. Exclusion
criteria were: chronic malignant or infectious disease, uncontrolled arterial hypertension with an average of
the last five in-center pre-dialysis blood pressure values above 180/100 mm Hg, angina pectoris of Canadian
Cardiovascular Society grade 2-4, New York Heart Association heart failure grade 3 or 4, the presence of
psychotic illness or mental disability, a history of limb amputation (more than two toes and/or more than two
fingers) or any other condition that might cause clinical instability of the patient (e.g., repetitive gastrointestinal
hemorrhages, liver cirrhosis with frequent exacerbations, advanced dementia with poor cooperation of the
patient). Study withdrawal criteria included any intercurrent illness or trauma that prevented the patient from
continuing with the exercise program for a period longer than 14 days, the occurrence of an acute illness lasting
more than 3 weeks or ending less than 3 weeks before the end of the study, or if the patient has had prescribed
medication for it at the end of the study, diagnosis of malignant disease during the course of the research, and
withdrawal of the consent to participate. Approval from the National Medical Ethics Committee (Ministry of
Health, Republic of Slovenia, document number 0120-97/2017-3 KME 68/03/17) and written informed consent
were attained in all cases. The study complies with the Declaration of Helsinki. Registration of the study can be
found at ClinicalTrials.Gov (Clinicaltrials.gov identifier: NCT03334123).
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[ Enrollment ]

Assessed for eligibility (n=73)

Excluded (n=33)
*Not meeting inclusion criteria (n=17)
*Declined to participate (n=16)

A 4

Randomized (n=40)

:

¥ [ Allocation ] ¥
Allocated to intervention (n=20) Allocated to control group (n=20)
Received allocated intervention (n=20) Received allocated intervention (n=20)

—

X { Follow-Up

Lost to follow-up (n=0) Lost to follow-up (n=0)

Discontinued intervention (n=4)* Discontinued intervention (n=3)**
= { Analysis | ¥

Analysed (n=16) Analysed (n=18)

Excluded from analysis (n=4) Exeluded from analysis (n=2)

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram

Notes: *death (n=1), sepsis (n=1), fall and osteomuscular injury (n=1), discontinued on patient’s demand; exacerbated symp-
toms of spinal stenosis (n=1), **discontinued on patient’s demand (n=1), coronary artery disease exacerbation with exertio-
nal dyspnea (n=1), transplantation (n=1).

Procedures

Height, weight, waist circumference, and body composition were measured using bioimpedance analysis
(Body Composition Monitor, Fresenius AG, Bad Homburg, Germany). The bioimpedance analysis has been
validated in HD population [17]. Dual-energy X-ray absorptiometry (DEXA) is considered the “gold standard”
for assessing body composition [4,17]; however, measurements with DEXA are too expensive [18], and only a
few dialysis clinics have direct access to them. Bioelectrical impedance analysis (BIA) is a non-invasive and
inexpensive method that does notrequire highly trained personnel, and studies have shown good reproducibility
in HD patients [19,20]. BIA was performed while the patient was lying on the bed, with electrodes placed on their
wrist and foot. Outcomes were assessed 3 times on nondialysis days: before the start of the intervention, after
8 weeks (phase 1), and after 16 weeks (phase 2). The body composition variables measured were BIA assessed
overhydration, total body water, body mass index (BMI), fat tissue index (FTI), lean tissue index (LTI), and phase
angle.

The exact study exercise interventions and protocol were described previously [16]. In short, 40 voluntary
HD patients were recruited at hemodialysis units of the University Medical Centre in Ljubljana, Slovenia, to
participate in a prospective randomized controlled trial comparing the effects of 2 exercise programs.
Randomization was done with a computer program (Random Allocation Software) to the experimental (EXP)
and to control (CON) group (see Figure 2). The EXP group engaged in guided functional exercise training before
each HD session (3 days a week) and additional intradialytic cycling exercise (3 days a week). After 8 weeks, pre-
dialysis functional training exercise was terminated, and patients were instructed and motivated to perform
functional exercise routines at home on nondialysis days for an additional 8 weeks (3 days a week). On dialysis
days, intradialytic cycling was continued (3 days a week). The control (CON) group performed intradialytic
cycling only in both study periods (16 weeks; 3 days a week). Details of interventions are explained in Table 1.
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Table 1. Description of the interventions

Guided functional

Home-based

Information training Exercise counseling functional training Intradialytic cycling
Frequency 3 times a week 3 times a week 3 times a week 3 times a week
adjustment of adjustment of 4-5 RPE (Borg scale)
repetitions, sets, repetitions, sets,
and weight to each and weight to each gradual increase of
I . individual individual cycling resistance
ntensity
7-8 rate of perceived 7-8 RPE (Borg scale)
exertion (RPE) ona 10
grade Borg scale
full-body exercises explanation of which transferring exercises | performed on a
to train balance, muscles are engaged in | from the guided part customized ergometer
coordination, strength, | an exercise to home environment
flexibility endurance, the same instructions
and power explanation of the use of home for EXP and CON group
correct technique equipment: towels,
Warm up plastic bottles, chair,
- light cardiovascular | motivation, table etc.
exercises encouragements
- coordination during home-based written personal
exercises training: advice, exercise program with
- balance exercises feedback, personalized | illustrations
Main part program
Type modifications of:
P - squats during guided
- lunges functional training in
- push-ups the first eight weeks;
- pull exercises during dialysis in the
- legraises second eight weeks
- modified side plank,
pallof press, sit-ups,
seated rotations,
glute bridges, bird
dog, medicine ball
chest squeeze
Cooldown
- light stretching
exercises
. . . . . . . . initial duration: 15 min
Time/duration | approximately 30 min | approximately 20 min | approximately 45 min

goal duration: 60 min

Notes: EXP - experimental group, CON - control group.

Figure 2. Timeline of the randomized controlled study design
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Statistical analysis

We tested differences between the EXP and CON groups with the analysis of covariance (ANCOVA), using the
baseline value as a covariate. Intragroup changes over time were analyzed with paired t-test. The independent
t-test was used to compare the baseline values between the groups. All analyses were made using SPSS, v.22
(SPSS Inc., Chicago, IL, USA), and assessed at the p<0.05 level of significance.

Results

Patients’ demographic and clinical characteristics are presented in Table 2. We studied the outcome of 40
HD patients, with an average age of 63.6+12.5. They were treated with conventional HD 3 times a week, with a
mean weekly duration of 12.9+2.3 hours. There were no statistically significant differences between the groups.

Table 2. Demographic and clinical characteristics

Characteristics All p;:j:(i);))ants Experil(?:;t(?)l group Conal;;)lz%l)'oup

Age (years) 63.6+12.5 65.2+12.1 61.9+13.0
Male sex (%) 55% 60% 50%
Height (cm) 167.9+9.8 168.4+9.6 167.5£10.2
Dialysis vintage (years) 7.4+7.7 7.4+8.1 7.5+7.3
Weekly dialysis duration (h) 12.9+2.3 12.5+2.7 13.3+1.9
Hemoglobin (g/L) 120.249.6 118+7.3 122+11.3
Albumin (g/L) 39.5+2.9 39.4+3.2 39.6+2.5
C-reactive protein (mg/L) 9.2+17.2 8.5+14.2 10.1+20.0
Phosphorous (mmol/L) 1.5+0.5 1.5+£0.5 1.5+0.5
Systolic blood pressure (mm Hg) 140+15.1 138+16.0 144+13.4
Diastolic blood pressure (mm Hg) 81+10.1 78+10.2 84+9.38
Serum creatinine (qmol/L) 751+148 750+156 751+143
Urea (mmol/L) 24+5.8 22.6£5.7 25.4+5.73

Compliance to exercise programs was defined as the total number of completed exercise sessions divided
by the total number of sessions offered. In phase 1, compliance of the EXP group for functional training and
cycling sessions were 87+12% and 90+12%, respectively. Intradialytic cycling compliance of the CON group was
87+10% (phase 1). In the 8™ week, after a gradual increase in duration, the mean intradialytic cycling routine
duration was 30.5+8.3 min for the EXP group and 31.8+7.8 min for the CON group (p>0.05). In the 16" study
week, the EXP group cycled for 46.6£17.0 min and control group for 44.4+12.8 min (p>0.05). In phase 2, the
experimental group completed 73%+21% of advised at home functional exercise sessions and 82%+19% of in-
center cycling sessions. CON group compliance (cycling) in phase 2 was 82%=+*13%. There were no significant
differences between the groups in intradialytic cycling compliance during either study phases. However, there
was a significantly (p=0.034) lower adherence to home-based functional exercise in contrast to in-center pre-
dialysis functional exercise in the EXP group.

Table 3 shows the results for each measurement for both groups. There was a significantintergroup difference
after 16 weeks in total body water only (p=0.037). Significant intragroup changes over time were found for
weight (after 8 weeks: p=0.009; after 16 weeks: p=0.012), waist circumference (after 8 weeks: p=0.026; after
16 weeks: p=0.044), and BMI (after 16 weeks: p=0.046) in the EXP group, and fat tissue index (after 16 weeks:
p=0.038) in the CON group. All other parameters did not significantly change.

Table 3. Values at baseline, 8 weeks, and 16 weeks with inter and intragroup differences

Variable Group Baseline 8 weeks 16 weeks
Weight (kg) EXP 72.6+16.1 73.8+14.9* 73.8+15.3*
S CON 71.7:159 71.9:16.5 71.8£16.4
. . EXP 98.4+12.2 96.2+12.9* 96.1+13.4*
Waist circumference (cm)
CON 94.8+16.8 95.9+14.1 95.5+14.2
BIA assessed overhydration (L) EXP 0912 0.721.2 0.8:1.1
U CON 1.32.4 1.242.2 14£2.3
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Total body water (L) EXP 37.5¢7.6 37.6+7.3 37.4+7.44
J CON 35.126.4 35.046.1 33.6£5.6
EXP 25.5+4.8 25.8+4.4 26.0+4.7*

3 2
Body mass index (kg/m?) CON 25.6+5.4 25.8+5.5 259452
EXP 13.6+3.2 14.5¢2.5 14.5¢2.4

Lean tissue index (kg/m?
ean tissue index (kg/m’) CON 12.942.0 13.32.5 12.4+19
EXP 11.4+4.8 10.9+4.1 10.9+4.4

Fat tissue index (kg/m?)
CON 11.6+6.4 11.9+6.3 12.9+6.1*
EXP 5.240.9 5.4+0.9 5.3+0.9

Phase angle (°)

CON 47+0.9 49409 4709

Notes: EXP - experimental group, CON - control group, BIA - bioimpedance performed using Body Composition Monitor,
Fresenius AG, Bad Homburg, Germany. # p<0.05 indicates significant intergroup difference, * p<0.05 indicates significant

intragroup difference compared to the baseline value.
Discussion

In HD patients, age-related muscle loss and body composition changes are more intense than those with
normal renal function [21]. There is a significant increase in fat mass, along with a decrease in muscle mass
during the first two years of HD therapy [22]. This study examined changes in body composition in HD patients
during functional training added to intradialytic cycling. Changes were also studied for the control group, which
performed intradialytic cycling only. Additionally, we examined the effects of the unsupervised, home-based
exercise program in the functional training group.

The main findings in this study paper were that eight weeks of functional training added to intradialytic
exercise, performed under the supervision of a qualified kinesiologist, is feasible, well-tolerated, and successful
in weight management among HD patients. Furthermore, similar changes were observed following an
unsupervised, home-based functional exercise program, with significant differences between the groups only
in total body water. Currently, there is confusion concerning obesity management in hemodialysis patients.
Hickel [23] stated that patients with chronic kidney disease believe that their BMI alone can prevent them from
being a suitable candidate for kidney transplantation. Accordingly, it was found that hemodialysis patients with
increased BMI have a better survival rate [24,25]. This phenomenon can be explained by the fact that extra fat
mass could be protective for HD patients in the short term [26].

Our results showed increased body weight in the functional training group and accordingly increased BMI.
However, the increase in weight and BMI could be due to the increase in total body water and lean tissue index
and not due to the fat tissue (Table 3). This increase is an important clinical outcome because sarcopenia occurs
on a gradual basis during aging progression [27]. Since sarcopenia is strongly related to muscular weakness,
dysfunction, and disease comorbidity, the capacity to increase lean tissue through participation in functional
exercise represents an effective preventive strategy, and certainly more translational studies are warranted
to examine treatment options for the aforementioned consequences directly. Previous trials have reported
contradictory results regarding the link between obesity and mortality in the CKD patients. It has been shown
that patients with low BMI are at higher risk of mortality than those within the normal BMI range [28,29]. A
recent meta-analysis [30] has shown that for every 1 kg/m? increase in BMI, there is a reduction in the risk of
all-cause and cardiovascular mortality by 3% and 4%, respectively, in patients undergoing HD.

The limitation of the study was the non-existence of a control group that engaged in routine HD care only.
Therefore, it was not possible to unequivocally describe the observed effects of an exercise intervention on body
composition because of the lack of an inactive control group. Moreover, we did not measure dietary intake in
this study, so we were unable to relate body composition changes directly to changes induced by an exercise
program. The small sample size should also be considered as a limitation. However, the novelty of the current
study is the fact that this is the first study that examined functional training in HD patients, and its effects on
body composition. Additionally, functional training showed to be beneficial for improving lean tissue index in
HD patients, which is important for their better quality of life.

Conclusions
Our results showed increased weight and BMI following functional training in HD patients. However, the

increased weight and body composition was not the result of an increase in body fat, as indicated by unchanged
resultsin fat tissue index. This is of great importance, since body composition is typically altered among patients
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undergoing maintenance HD. Moreover, body composition measurement can be considered as a significant
predictor of mortality outcomes among HD patients. Therefore, changes in body composition can also be
considered as a significant predictor of clinical outcome. Our results showed that exercise training programs
seem to be a safe and feasible option for the treatment of weight loss, muscle wasting, and weakness that are
commonly seen among HD patients. We can state that body composition assessment can provide prognostic data
for HD patients. Further studies on interventions to preserve muscle mass and function that may have positive
effects on important clinical outcomes are still needed.
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