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Abstract

Introduction: Intradialytic exercises have several benefits for patients with chronic kidney disease (CKD);
however, no studies have used neuromuscular electrical stimulation (NMES) in the upper limbs (UL)
during these exercises to assess quality of life (QoL). Objective: To evaluate the effects of unilateral
NMES in the UL superimposed on a voluntary contraction associated with an intradialytic exercise
protocol with a lower limb cycle ergometer on the QoL of adults with CKD. Methods: This randomized,

controlled clinical trial was conducted on adult patients diagnosed with CKD who were undergoing
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hemodialysis (HD) at a university hospital. The protocol included aerobic exercises with a lower limb
cycle ergometer and NMES in UL in the intervention group (IG) and a lower limb cycle ergometer and
NMES sham in UL in the control group (CG) for 8 weeks. QoL was assessed via the Kidney Disease and
Quality-of-Life Short Form (KDQOL-SFTM) questionnaire. Results: This study included 9 participants
who presented low self-reported QoL, with low scores in the physical component (37.78 + 10.42) and
mental component (41.96 + 14.88) of the KDQOL-SFTM. Furthermore, the intervention did not cause
any change in these scores. Conclusion: Patients with CKD on HD have low self-reported QoL, with
low scores on the physical and mental components of the KDQOL-SFTM. Unilateral NMES in the UL
superimposed on a voluntary contraction associated with a cycle ergometer on the lower limb had no
effect on the physical or mental components of quality of life.

Keywords: Kidney Failure; Electrical Stimulation; Exercise; Quality of Life.

Resumo

Introducédo: Os exercicios intradialiticos apresentam diversos beneficios para pacientes com doenca
renal crénica (DRC); entretanto, nenhum estudo utilizou a estimulagao elétrica neuromuscular (EENM)
nos membros superiores (MS) durante esses exercicios para avaliar a qualidade de vida (QV). Objetivo:
Avaliar os efeitos da EENM unilateral no MMSS simultanea a uma contragao voluntaria, associada a um
protocolo de exercicio intradialitico com cicloergdmetro de membros inferiores na qualidade de vida de
adultos com DRC. Métodos: Este ensaio clinico randomizado e controlado foi conduzido em pacientes
adultos com diagnéstico de DRC em hemodialise (HD) em um hospital universitario. O protocolo incluiu
exercicios aerobicos com cicloergbmetro de membros inferiores e EENM em MMSS no grupo intervencao
(Gl), e cicloergbmetro de membros inferiores e simulagdo de EENM em MMSS no grupo controle (GC)
por 8 semanas. A qualidade de vida foi avaliada por meio do questionario Kidney Disease and Quality-
of-Life Short Form (KDQOL-SFTM). Resultados: Este estudo incluiu 9 participantes que apresentaram
baixa qualidade de vida autorrelatada, com baixas pontuag¢des nos componentes fisico (37,78 £ 10,42)
e mental (41,96 + 14,88) do KDQOL-SFTM. Além disso, a intervengdo ndo causou nenhuma alteragéo
nessas pontuagdes. Conclusédo: Pacientes com DRC em HD apresentam baixa qualidade de vida
autorrelatada, com baixas pontuagdes nos componentes fisico e mental do KDQOL-SFTM. A EENM
unilateral no membro superior sobreposta a uma contragdo voluntaria associada a um cicloergbmetro
no membro inferior ndo teve efeito nos componentes fisico ou mental da qualidade de vida.

Palavras-chave: Insuficiéncia Renal; Estimulacao Elétrica; Exercicio; Qualidade de Vida.

Introduction

Chronic kidney disease (CKD) has been one CKD causes changes in patients’ daily lives
of the main causes of mortality and morbidity in and a significant reduction in their quality of life
the 21st century [1], and hemodialysis (HD) is (Qol) [3], and a worse QoL has been significantly
the most commonly used kidney replacement associated with increased mortality in patients with
therapy [2]. CKD [4, 5].

Fisioterapia Brasil 2025;26(3):2170-2184 2171



CKD patients are approximately 35% less ac-
tive than healthy sedentary people are [6] and have
a high prevalence of poor cardiorespiratory fitness
[7]. This directly influences QoL, as the literature
shows an association between lower levels of phys-
ical activity and the worsening of this variable [8].
On the other hand, it is already well established
in the literature that improving QoL is one of the
benefits of physical exercise for these patients [9-
11]. According to a systematic review, intradialytic
exercises performed at least three times a week,
with an average of 30 minutes per session, for 8
weeks improve patients’ physical function, depres-
sion, and QoL [12].

Neuromuscular electrical stimulation (NMES)
can be an alternative to intradialytic exercise, as
these individuals have low tolerance to overload,
which often makes conventional training unfeasible
[13]. The use of NMES in lower limbs during HD
is safe, effective [14-15] and offers minimal risks
at low operational costs [16]. Its use in the lower
limbs has been shown to have beneficial effects,
such as increased muscle strength [13-15, 17],
functional capacity [15,17], protection against mus-
cular atrophy [13] and improved QoL [14, 18-19].
However, no studies have used the NMES in the

Methods

Study design

This randomized controlled clinical trial followed
the Consolidated Reporting Standards (CONSORT)
guidelines and their guide for nonpharmacological
interventions.

The study received approval from the Research
Ethics Committee of the University Hospital
Cassiano Antonio Moraes (HUCAM), Vitdria (ES),
Brazil (CAAE 27067819.1.0000.5071 and approval
n° 5.614.016). The project was registered on the
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upper limbs (UL) during intradialytic exercises to
assess QoL.

Asurvey carried out with people who performed
HD for more than one month revealed manual
dysfunctions in 54% of the participants, leading to
significant impairments in activities of daily living
[20]. Furthermore, these individuals are at greater
risk of deficits in the long head of the biceps and a
marked reduction in muscle strength than people of
the same age and sex without CKD. Such changes
occur mainly in UL with the fistula or graft and are
related to greater limitations [18]. Therefore, ade-
quate exercise programs must be implemented to
maintain UL mobility and strength [18].

Unilateral NMES constitutes a proposal for per-
forming intradialytic exercises in UL without risks
for the fistula, as it has been demonstrated that
resistance exercises in just one limb lead to strength
gains in the contralateral limb as well [21-22].

Thus, this study aimed to evaluate the effects
of unilateral NMES in UL superimposed on a vol-
untary contraction associated with an intradialytic
exercise protocol with a lower limb cycle ergometer
on the physical and mental composites of the QoL
of adults with CKD.

platform: https://clinicaltrials.gov/, under number
NCT05374863, and the research protocol was pre-
viously published [23].

Participants and eligibility

Participants were recruited from the HUCAM
HD Center. Individuals who met the following in-
clusion criteria were included in the study: having
a diagnosis of CKD; being in HD on HUCAM for
at least 3 months; presenting a hemoglobin level



> 9 g/dL; presenting clinical stability for at least 3
months; not being part of another physical exercise
program; being able to carry out assessment tests;
being 18 years of age or older; and agreeing to
participate in the research by signing the Informed
Consent (IC).

Individuals who presented symptoms or health
conditions (cardiovascular, respiratory, orthopedic,
neurological, or cognitive) that limited their ability
to participate in the assessment tests and exercise
program, as well as conditions considered contrain-
dications for NMES, such as infections, skin rashes
or hyperesthesia in the region where NMES would
be applied, were excluded.

Randomization

The allocation was blind, and the participants
were distributed into two groups, the intervention
group (IG) and the control group (CG), through
a computer-generated list via a simple balanced
randomization method (1:1).

The IG underwent unilateral NMES reaching the
motor threshold in the UL without HD fistula for 20
min, and the CG underwent unilateral NMES-sham
reaching only the sensory threshold in the UL with-
out HD fistula for 20 min. In addition, both groups
exercised using a leg cycle ergometer for 30 min.

The outcome data was collected by trained
researchers who were blinded to the participant
group allocation.

An intention-to-treat analysis was used to re-
duce the risk of bias, and the statistical analysis was
carried out by researchers blinded to participant
group allocation.

Procedures

The treatment was carried out for 8 weeks, with
three weekly sessions totaling 24 sessions.

In daily pre- and postintervention assessments,
the following items were checked and recorded to
ensure participants’ safety: weight; blood pressure
(BP), heart rate (HR), respiratory rate (RR), periph-
eral oxygen saturation (Sp0O2), dyspnea and fatigue
in the lower limbs assessed by the Modified Borg
Scale (Borg CR10), from zero to 10 [24]; and pain
assessed by the visual analog scale (VAS), HD
duration, NMES intensity parameters, symptoms,
and complications or adverse events.

The criteria for starting exercise were as
follows: glomerular ultrafiltration rate < 13 mL/
min/1.73 m?; BP < 180/100 or >100/50 mmHg;
resting HR < 100 bpm; no hospitalization or iliness
in the last week; no abnormal symptoms (cold,
flu, headache, dizziness, nausea, etc.); controlled
blood sugar levels (between 7 and 14 mmol or
126 and 252 mg dL-1); and resting SpO, above
90% [25].

In the first 2 hours of each HD session, par-
ticipants performed leg cycle ergometer exercises
and unilateral or sham NMES in the UL. Each in-
tervention lasted 70 minutes and was distributed
as follows: 10 minutes for initial assessment; 30
minutes of aerobic cycle ergometer exercise; 20
minutes of active or sham NMES; and 10 minutes
for final evaluation.

The criteria for discontinuing exercise were
SpO, < 88% [26]; BP > 180/105 mmHg [27]; chest
pain; dyspnea; palpitations; bronchospasm; exer-
cise intolerance; confusion; dizziness; and pallor
and/or cyanosis [23]. In this case, the program was
only allowed to continue after complete remission
of symptoms, reassessment, and authorization by
the multidisciplinary team.

Aerobic exercise with a cycle ergometer

Aerobic exercise was performed on a cycle
ergometer (Mini Bike E5 Acte Sports®) positioned
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in front of the HD chair and consisted of three
phases: warm-up (5 minutes), conditioning (20
minutes), and cool-down (5 minutes). During the
warm-up and cool-down phases, patients were
instructed to maintain a lower exercise intensity,
between 1 and 3 on the Borg CR10 scale. During
the conditioning phase, patients were instructed
to increase exercise intensity, reaching levels be-
tween 4 and 7 on the Borg CR10 scale. Patients
were questioned every 5 minutes about their ex-
ertion level, and the cycle ergometer load was
adjusted to reach an intensity between 4 and 7
on the Borg CR10 scale.

EENM

NMES was performed for 20 minutes, using
specific equipment (Neurodyn Il Ibramed®), with
the patient sitting in the HD chair.

The UL muscles without the fistula were stim-
ulated unilaterally with four electrodes (5 x 5 cm
for the biceps and 5 x 3 cm for the finger flexors)
placed on the limb via the myoenergetic technique,
with 2 positioned longitudinally on the muscle belly
of the biceps and two others in the ventral region
of the forearm. The UL was positioned at the side
of the body with slight flexion of the elbow and the
forearm in supination. The muscles were stimulated
according to the following parameters: frequency of
80 Hz, pulse width of 350 us, on time of 5 s, and off
time of 10 s. The intensity was adjusted individually
and progressively for each patient to achieve the
greatest degree of pain-free contraction. For the
sham NMES, the electrodes were similarly posi-
tioned on the UL; however, the current intensity
only reached the sensory threshold.

The IG was instructed to perform isometric con-
traction of the wrist and finger flexors during NMES
(squeezing a ball) because there is evidence that
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NMES superimposed on a voluntary contraction
can cause increased muscle activation with less
discomfort than can NMES alone [28].

Study outcomes

QoL assessments were carried out at two stag-
es of the study: before the start of treatment (week
0) and atits end (week 9), always during the second
HD session of the week. The outcomes evaluated
are described below.

QoL was assessed via the Kidney Disease and
Quality-of-Life Short Form questionnaire (KDQOL-
SF™) [29], which is a specific instrument for as-
sessing QoL in patients with CKD and applies to
patients undergoing HD. It is a self-administered
questionnaire with 80 items divided into 19 scales,
which take approximately 16 minutes to answer.
It includes generic and specific aspects related to
kidney disease [29].

Statistical analysis

The data were analyzed via the Statistical
Package for the Social Sciences (SPSS) version
24.0 software. For descriptive analysis, continuous
variables are presented as the mean * standard de-
viation (SD) or median and interquartile range (1Q),
and categorical variables are presented as absolute
(n) and relative frequencies (%). The Shapiro—Wilk
test was used to evaluate the normality of the data.
The Wilcoxon test was used to compare the pre-
and postintervention moments of the mental and
physical composites. The delta value was calcu-
lated by subtracting the pre-intervention quality of
life scores from the post-intervention quality of life
scores in each group to estimate the effect of the
intervention in each group. After that the Wilcoxon
test was used to compare the deltas of control
and intervention groups, with p < 0.05 considered
significant.



Results

The sample consisted of 9 participants, who also shows the number of eligible, excluded, and

were randomly allocated to the CG (n=4) orthe IG included participants in the study.

(n=5), as shown in the flowchart (Figure 1), which

Enroliment

Assessed for eligibility.

(n=19)
Excluded (n = 10)
* lower limb amputation (n = 3)
) + hemoglobin < 9 g/dL (n = 1)
* severe cardiopathy (n=5)
* declined to participate (n=1)
. 4

Randomized (n = 9)

Allocation

—

Allocated to intervention (n = 5)

Received allocated intervention (n = 5)

Did not receive allocated intervention (n = 0)

1

Allocated to control (n = 4)
Received allocated intervention (n = 4)

Did not receive allocated intervention (n = 0)

!

!

Follow-Up
Analyzed (n = 5) Lost to follow-up (n = 0)
Excluded from analysis (n = 0) Discontinued intervention (n = 0)
l Analysis l

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Analyzed (n = 4)
Excluded from analysis (n = 0)

Figure 1 - Participant recruitment and follow-up flowchart - CONSORT

Table 1 shows the participants’ sociodemo-
graphic and clinical characteristics, which were
similar between the groups. The |G was composed
mainly of males (60%), with a mean age of 40 + 13
years, dry weight of 64.6 + 4.8 kg, BMI of 22.9 +
2.1, HD time of 78 £ 49 months, and hypertension

as the most common comorbidity (60%). In the CG,
male sex (75%) was also the most prevalent sex,
the average age was 38 * 16 years, the dry weight
was 70.5 + 13.1, the BMI was 26.5 + 5.6, the HD
time was 56 £ 29 months, and hypertension was
also the most prevalent comorbidity (100%).
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Table 1 - Sociodemographic and clinical characteristics of the participants

CG (n=4) IG (n=5)
Sex, n (%)
Female 1(11.1%) 2 (22.2%)
Male 3 (33.3%) 3 (33.3%)
Age (years), mean = SD 40+ 13 38 +16
Height (meter), mean * SD 1.68 £ 0.05 1.63 £0.07
Dry weight (kg), mean = SD 64.6 + 4.81 70.5+13.1
BMI, mean * DP 22.9+2.12 26.5+5.6
Skyn color, n (%)
Black 2 (22.2%) 1(11.1%)
Brown 1(11.1%) 2 (22.2%)
White 1(11.1%) 2 (22.2%)
Time on HD (m), mean = SD 78 £ 49 56 + 29
Hypertension, n (%) 4 (44.4%) 3 (33.3%)
Diabetes, n (%) 1(11.1%) 1(11.1%)
Chronic pulmonary disease, n (%) 1(11.1%) 0
Cardiopathy, n (%) 0 2 (22.2%)
Dyslipidemia, n (%) 1(11.1%) 0
Hepatitis, n (%) 1(11.1%) 0
Orthopedic disease, n (%) 1(11.1%) 2 (22.2%)

CG: control group; IG: intervention group; SD, standard deviation; BMI, body mass index; HD, hemodialysis.

Table 2 shows the scores obtained in the phys-
ical and mental composites and in other domains of
the KDQOL-SF™ questionnaire by participants in
each group in the pre- and postintervention periods
and the comparisons between these periods. At the
preintervention time point, the |G score was lower
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for the physical composite (45.4 + 8.71) than for the
mental composite (52.5 £ 9.32), which remained
after the intervention. The CG also had a lower
score in the physical composite (37.78 + 10.42)
than in the mental composite (41.96 + 14.88) at the
pre- and postintervention time points.
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The scores for physical and mental composites
did not significantly differ between the pre- and
postintervention timepoints in either group when
the Wilcoxon test was used. In the CG, the phys-
ical composite changed from a median (IQ) of
36.7 (18.7) to 39.7 (24.1), p = 1,0, and the mental
composite changed from 43.8 (29.8) to 50.8 (8,7),

p =0,14. In the IG, the physical composite changed
from 42.3 (15.6) to 43.8 (13.3), p = 0,22, and the
mental composite changed from 57,3 (21,2) to 46,4
(23,6), p = 0,08 (p-values not included in the table).

No significant differences were detected be-
tween the groups (Table 3).

Table 3 - Comparison of the deltas of the intervention effects between the control and intervention

groups

Variables CG IG p-value
Symptom/ problem list 0.00 0.49 0.46
Effects of kidney disease 0.46 0.32 1.00
Burden of kidney disease 0.22 0.16 0.85
Work status 0.81 0 0.10
Cognitive function 0.50 0.47 0.14
Quality of social interaction 0.64 0.91 0.14
Sexual function 0.00 0.44 0.65
Sleep 0.46 0.3 0.45
Social support 0.53 0.82 0.14
Dialysis staff encouragement 0.50 0.16 0.59
Overall Health 0.40 0.2 1.00
Patient satisfaction 0.50 0.6 0.18
Physical functioning 0.53 0.2 0.70
Role--physical 0.22 0 1.00
Pain 0.09 0.16 1.00
General health 0.27 0.43 0.19
Emotional well-being 0.36 0.67 0.14
Role-emotional 0.70 0.44 0.41
Social function 0.40 0.57 0.65
Energy/fatigue 0.73 0.43 1.00
SF-12 Physical Composite 0.00 0.54 0.27
SF-12 Mental Composite 0.73 0.78 0.46

CG: control group; IG: intervention group. Wilcoxon test.
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Discussion

The results of the present study indicate that
patients with CKD undergoing HD have low self-re-
ported QoL, reaching low scores mainly in the phys-
ical composite of the KDQOL-SFTM in both groups.
There were no significant effects of the intervention
between the pre- and postintervention assessments
in any group. There were also no differences ob-
served between the groups in the deltas at the
pre- and post-intervention time points.

The lower scores observed in the physical
composite corroborate the evidence showing that
although these individuals have low scores in the
physical and mental composites, they have a worse
perception of QoL related to the physical composite
[4,10,30]. A recent systematic review indicated that
disease symptoms limit physical activity and interfere
with daily activities and regular work, causing patients’
poor perception of their health status and compromis-
ing their well-being due to their physical state [31].
Notably, the impairment of this composite has been
strongly associated with a high mortality rate and
a high rate of hospitalization in these patients [32].

Although this study did not find positive effects
of the selected intervention on the physical com-
posite, there are systematic reviews reporting that
intradialytic exercises significantly improve this
composite [10,12,33-34]. The small sample size
of the present study may have influenced this result,
as a trend of increasing was observed, although it
was not significant.

With respect to the mental composite, most
systematic reviews corroborate what was found in
this study, finding no significant improvements in
this variable [10,12,34], except for a single one that
shows some positive effect on the mental composite
[33]. Adults with CKD who use HDs and who are
undergoing exercise protocols have improved QoL,

with increased scores in different domains, espe-
cially in the physical function domain [35]. In addi-
tion, intradialytic exercise provides other benefits,
such as improved aerobic capacity, BP, and muscle
strength [36], which may reflect the perception of
the physical composite of the KDQOL-SF™,

The IG obtained the worst scores in the do-
mains ‘work status’, ‘burden of kidney disease’,
and ‘effects of kidney disease’, which have also
been reported as being some of the worst scores in
other studies [4,31-32,37]. Furthermore, the ‘work
status’ domain, which achieved the lowest score in
both groups, was also frequently associated with
worse QoL by other authors [31-32,37]. One hy-
pothesis for this finding is that most participants did
not have a job due to the obligation to go to HD 3x/
week, combined with their health condition, which
makes it difficult for them to be professionally active.
Additionally, there is evidence that unemployed
patients are more likely to have a worse QoL than
those who are professionally active [38].

The ‘dialysis staff encouragement’ domain had
among the highest scores in both the IG and the CG,
corroborating the findings of other studies [31-32,37].
In a study on participants’ perceptions regarding
the installation of intradialytic exercises, patients
reported that the dialysis team and the interventionist
were their main sources of support, indicating that
this encouraged them to participate in the protocol
through word incentives [39]. The encouragement
of the dialysis team is an important factor in patients’
adherence to the protocols, as they become a sup-
port network, encouraging them to participate and
being a key element in implementation.

The main limitation of this study is related to the
small sample size, which makes the results difficult to
replicate for the general population and increases the
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risk of statistical inaccuracies, but itis a pilot study that
will be replicated in other HD shifts from the hospital.
The main strength of this study is that it is the first to
use UL-NMES associated with a leg cycle ergometer

Conclusion

Unilateral NMES in the UL superimposed on
a voluntary contraction associated with a leg cycle
ergometer had no effect on the physical and mental
composites of QoL. However, the results of this
study must be analyzed with caution considering
the small sample size and because it is a pilot study.
Therefore, the need for more studies with larger
sample sizes is highlighted to elucidate the benefits
of NMES in UL on the QoL of adult patients with
CKD undergoing HD.
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