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Abstract -Aim: To analyze whether the proposed physiotherapy protocol during hemodialysis (HD) increases knee
extensor muscle strength, palmar grip strength, respiratory muscle strength, lung function, and functional capacity of
individuals with Chronic Renal Insufficiency (CRI) on HD. Methods: A preliminary results study, in which physical
therapy intervention was performed in 11 subjects (49.2 + 8.6 years) with CRI on HD treatment. Initially, Heart Rate
Variability (HRV) was collected, with the individual at rest, for 15 minutes, and later, HRV linear and non-linear
analyses were performed using HRV Kubios Premium Software. The protocol was performed in the first two hours
of the HD session, three times a week for eight weeks, consisting of respiratory exercises, aerobic exercises, and
electrical stimulation associated with progressive resistive exercises. The variables evaluated were respiratory muscle
strength, knee extensor muscle strength, palmar grip strength, lung function, and functional capacity. Student’s t-tests
for paired samples and Wilcoxon’s tests for non-parametric samples were used considering a significance level of 5%.
Results: There was a significant increase in expiratory muscle strength (p = 0,012; Cohen’s d = 0,59), knee extensor
muscle strength (p = 0,025; Cohen’s d = 0,77), palmar grip strength (P =0,001; Cohen’s d = 0,52) and functional capacity
(P = 0,009; Cohen’s d = 0,83). Conclusion: The proposed protocol is effective in increasing knee extensor muscle
strength, palmar grip strength, expiratory muscle strength, and functional capacity of individuals with CRI on HD.
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Introduction

Chronic Kidney Disease (CKD) consists of lesions of the kidney
and progressive and irreversible loss of kidney function. In a
more advanced stage, it is called Chronic Renal Failure (CRF)1.
CRF can be considered a syndrome with diverse effects on the
cardiovascular, nervous, respiratory, musculoskeletal, immune,
and endocrine systems?2.

CREF has direct effects on the respiratory system, characterized
by alterations, such as airflow limitation, obstructive disorders,
reduced pulmonary diffusion capacity, decreased endurance, and
respiratory muscle strength®. These respiratory alterations are
related to muscle fibrous atrophy type I and type 11, alterations
in oxygen transport, extraction and consumption, vitamin D
deficiency, increased protein catabolism, and energy metabolism
dysfunction*’. According to some studies®’, respiratory muscle
strength and lung function of individuals with CRF on HD are
lower than in the general population. In addition, pulmonary

dysfunction is considered an independent predictor of increased
mortality in patients with CKD?.

Another physiological system very affected in this popula-
tion is the musculoskeletal system. The uremic muscle loss of
these individuals is complex and progressive, similar to that of
sarcopenia’. Muscle weakness is a common symptom and is due
to factors such as hormonal imbalance, malnutrition, chronic
anemia, lifestyle changes, loss of muscle mass, and weakness
due to atrophy of muscle fibers'®. This devastating complication
contributes to a sedentary lifestyle, worsens the quality of life,
and increases the occurrence of cardiovascular complications,
morbidity, and mortality®.

Cardiovascular complications are prevalent among indi-
viduals with CRF on dialysis'!, representing the main cause of
morbidity and mortality in this population'>. The occurrence
of cardiac arrhythmia in patients with CRF is associated with
the autonomic dysfunction evidenced by reduced heart rate
variability (HRV)".
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HRYV analysis of this population shows persistent sympathet-
ic overactivity'4, and reduction of the parasympathetic action
in the heart'. This reduced HRV is caused by several events,
including microalbuminuria and macroalbuminuria, decreased
glomerular filtration rate, and end-stage renal disease'®. Other
factors also influence low autonomic cardiac modulation,
namely advanced age, diabetes mellitus, sedentary lifestyle,
and arterial hypertension'”.

These individuals show a reduced functional capacity when
compared to health ones'®. The implementation of a rehabilita-
tion program for these individuals is effective, safe and viable,
independent of the stage of illness', due to expected benefits,
such as improved quality of life, preservation of autonomy,
reduction of cardiovascular complications, morbidity and
mortality, as well as a better prognosis for this population®?!,

The benefits promoted by physical exercises to this group
is widely described. However, the number of studies using
resistance training and neuromuscular electrical stimulation
is reduced. The neuromuscular electrical stimulation alone
improves the physical condition of individuals with CRF on
HD and has a positive effect on the pulmonary function and
working capacity, which improves their physical performance 2.

Thus, the purpose of this study was to analyze whether the
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physiotherapy protocol proposed during HD increases knee
extensor muscle strength, palmar grip strength, respiratory
muscle strength, lung function, and functional capacity of

individuals with CRF on HD.

Methods

Study design

These are preliminary data from a before and after qua-
si-experimental study. Eleven participants (49,2 + 8,6 years
old) acted as their quantitative respective control. The out-
comes were acquired before and after the 8-week intervention
period (Figure 1).

This study was approved by the Ethics and Research
Committee of the Federal University of Triangulo Mineiro
(number: 1.941.876). All participants signed an Informed
Consent Document. This study protocol was prospective-
ly registered in the Brazilian Registry of Clinical Trials
(RBR-653hw7).
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Figure 1 - Study Design

Participants

Participants were recruited through the review of medical records
and during a consultation with the HD department in two hospitals
in the city of Uberaba-MG.

Initially, all individuals who had a clinical diagnosis of stage 5
CKD! and had been on HD for at least three months were selected.
The following individuals were not included in the study: smokers;
alcoholics; individuals with a history of acute myocardial infarction
or heart failure; individuals using a cardiac pacemaker; individuals
with severe visual and/or intellectual disability; and individuals with
amputations or incapacitating disorders of the lower limbs.

Exclusion criteria were: persistent hemodynamic instability at
rest, characterized by systolic blood pressure higher than 180 or
lower than 90 mmHg, diastolic blood pressure higher than 100 or
lower than 50 mmHg, and/or heart rate (HR) higher than 120 or
lower than 60 bpm; muscle disorders; hospital admissions during
the research; changes of HD centers; and adherence to protocol of
less than 70%.

In addition, the sample was characterized according to the indices
for HRV using a linear analysis (time and frequency domains) and
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anon-linear analysis using the Chaos Theory (Table 1), to identify
the patient’s cardiovascular prognosis, which is a morbidity and
mortality factor 2. For the HRV analysis, instantaneous RR intervals
(RR1i) were captured using a Polar brand heart rate monitor, model
RS800CX (Polar, Kempele, Finland), consisting of a transmitting
chest strap placed on the distal third of the sternum, from which
the data were transmitted to a pulse sensor. This methodology was
validated and yielded accurate and reliable results®.

TABLE 1 - Characterization of Heart Rate Variability in participants
with Chronic Renal Failure on hemodialysis (n = 11).

HRV Value

Linear Analysis — Time Domain

Mean RR (ms) 777.28 (153.43)
RMSSD (ms) 14.49 (13.14)
PNN50 (%) 3.22 (8.06)

SDNN index (ms) 21.04 (12.89)
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HRV Value
RR tri index 5.69 (3.19)
TINN (ms) 119.54 (60.71)

Linear Analysis — Frequency Domain

VLF (ms?) 298.62 (240.38)
LF (ms?) 184.11 (283.02)
HF (ms?) 50.90 (96.86)
BF/AF (ms?) 9.41 (10.69)
Non-Linear Analysis
SD1(ms) 10.25 (9.29)
SD2 (ms) 30.38 (16.58)
ApEn 1.16 (0.24)
SampleEn 1.17 (0.33)
ShanEn 3.86 (0.60)

Mean RR: mean RR intervals; RMSSD: root mean square successive difference
between adjacent normal RR intervals; pNN50: number of pairs of adjacent

NN intervals differing by more than 50ms in the entire recording; SDNN index:
standard deviation of mean NN intervals; RR tri index: triangular RR index; TINN:
triangular interpolation of the NN interval histogram; VLF: very low frequency;
LF: low frequency; HF: high frequency; LF/HF: ratio of low frequency to high
frequency; SD1: short-term beat-to-beat variability; SD2: long-term beat-to-beat
variability; ApEn: Approximate Entropy; SampleEn: Sample Entropy; ShanEn:
Shannon’s entropy. Data expressed as mean (standard deviation).

The collection was performed before the HD session. The
participants were asked to sit quietly and not fall asleep, to
perform minimal movements, and to breathe spontaneously
for 15 minutes. Ten minutes of silence was allowed to ensure
that the participants were sufficiently relaxed before the RRi
were captured.

Beat-to-beat HR was recorded, scanned at 1000 Hz, and
imported into Polar Precision Performance SW (version
4.01.029; Polar). Next, the data were filtered using the same
software. This program allows identification of occasional
ectopic beats (abnormal heart rhythm with extrasystoles and
consecutive compensatory pauses) and replaces these with
interpolated adjacent RRi values.

For the analysis of the HRV indices, 1000 RRi obtained
from the most stable section of the tracing were used. The
intervals were digitally filtered to eliminate artifacts according
to the protocol T-RR filter**. Only time series with less than
5% of artifacts were included for analysis.

The HRV analysis was performed using Kubios HRV
Premium Analysis Software (Biosignal Analysis and Medical
Image Group, University of Eastern Finland, Kuopio, Finland)®,
with linear and non-linear analyses.

Linear Analysis of HRV
The time-domain (TD) HRV analysis included the mean

RRi (mean RR), the standard deviation of the mean normal
RRi (SDNN), the percentage of adjacent RRi that differ due to
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duration greater than 50 milliseconds (ms) (pNN50), and the
quadratic root of mean square differences between the usual
adjacent RRi (RMSSD) in ms.

Frequency-domain (FD) measurements, calculated in mil-
liseconds squared (ms?) and using the fast Fourier transform,
included very low frequency (VLF) spectral components (<
0.04Hz), low frequency (LF) band (0.04-0.15 Hz), high frequency
(HF) spectral component (0.15 to 0.40 Hz), as well as the ratio
between these components (LF/HF).

Geometric methods, such as the RR tri index and the trian-
gular interpolation of the NN interval (TINN) histogram, were
also used. These indices were analyzed in absolute units (ms).

Non-Linear Analysis of HRV

For the non-linear HRV analysis, the following Poincaré
indexes were included: SD1, SD2, Approximate Entropy (ApEn),
Sample Entropy (SampEn), and Shannon Entropy (ShanEn).

Intervention

Evaluations were performed one hour before the beginning
of the HD session. The participants were instructed to wear
appropriate clothing (light clothes); to use comfortable shoes
(sneakers); to have a balanced diet for at least two hours before
the test; not to consume stimulating beverages such as tea and
coffee; and not to perform strenuous physical activity.

Experimental protocol

The protocol was performed three times a week for eight weeks,
totaling 24 sessions, with an average duration of 60 minutes each.

Atfirst, the participants’ vital signs were measured during the
intervention. The proposed protocol consisted of:

Breathing exercises with a flow incentive spirometer and in-
spiratory muscle trainer. The load of the inspiratory muscle trainer
was increased by 10%, every two weeks starting with 10% of the
maximum inspiratory pressure (MIP), to reach 40% of the MIP
value in the last two weeks of the protocol. Three sets of 10 repe-
titions were performed, with 30 seconds of rest between sets and
one minute between equipment. The total time was 15 minutes.

Aerobic exercises with the use of a lower limb cycle ergometer
and exercise intensity based on the modified Borg scale’. The
exercise was divided into three stages: warm-up (five minutes;
2-3Borg scale); conditioning (ten minutes; 4-7 Borg scale); and
cool-down (five minutes; 0-2 Borg scale).

Electrical stimulation with Russian electric current associated
with upper and lower limb resisted exercise. The Russian current
parameters were mode —synchronous; frequency — 50 Hz; ON and
OFF time — six seconds each: rise and fall time — two seconds
each; intensity — most tolerable by the patient, reaching the motor
threshold. During the movement, hantelsets or ankle weights were
used, with the load increasing by 1 kg every two weeks, beginning



with 1 kg, and ending with 4 kg in the last two weeks of the
protocol. Three sets of 10 repetitions were performed, with two
minutes of rest between sets. The femoral rectus, vastus medialis,
and lateral muscles were stimulated and two electrode channels
(lateral and medial compartment of the thigh) were used, both with
a proximal electrode (at the motor point) and with a distal muscle
(two centimeters of the upper pole of the patella). In addition, the
brachial biceps muscle was stimulated with an electrode channel,
maintaining one electrode at the proximal level, at the motor point,
and another at the distal level (three centimeters above the articular
line of the elbow). The total time was approximately 20 minutes.

Measurements

The same therapist performed all evaluations and interventions.
The LAFAYETTE?® portable digital dynamometer was used to
assess muscle strength of the knee extensors. Dynamometry was
performed according to the technique used by Schardong et al.
77, and the peak value of the maximum isometric strength was
recorded. The maneuver was repeated three times in both legs,
and the maximum value was recorded.

The palmar grip strength was measured using a JAMAR®
dynamometer. The participants remained seated and were asked
to perform the greatest possible strength by squeezing the dyna-
mometer, maintaining contraction for three to five seconds. The
dynamometer was in position-2 for women and position-3 for men.
The measurements were performed with the limb contralateral
to the functioning fistula. The measurement was repeated three
times, and the highest value was recorded?.

The respiratory muscle strength was evaluated through mano-
vacuometry with an analogue manovacuometer (Instrumentation
Industries®), connected to a nozzle, which measures pressures
from 0 to +120 cmH,O for expiratory pressures and from 0 to
-120 cmH, O for inspiratory pressures, according to the guidelines
of the American Thoracic Society?. Three acceptable maneuvers
were performed and the mean value was recorded. Previous data
was analyzed using the reference equation proposed to Brazilian
population *.

Spirometry tests were used to evaluate lung function through a
Datospir Micro digital portable spirometer - Model C (SIBELMED®).
Forced Vital Capacity (FVC) and Forced Expiratory Volume (FEV1)
variables were analyzed using a technique in compliance with the
guidelines of the American Thoracic Society®. Spirometric data
was analyzed using values predicted by Pereira et al*.

The functional capacity was analyzed from the six-minute
walk test 6MWT), which is a submaximal test of functional ca-
pacity, following the recommendations of the American Thoracic
Society®. The maximum distance covered during the 6MWT
was recorded. The walk distance was compared to Britto et al.**
reference equations.

Data analysis

The sample calculation was not performed because the sample
was of the intentional type due to maximization of the participants.
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The data were submitted to the Shapiro-Wilk normality test, which
revealed a normal distribution of the data. Next, the variables that
obtained p > 0.05 were analyzed by the Student’s t-test for paired
samples. The variables that obtained p <0.05 were analyzed by the
Wilcoxon’s non-parametric test.

The significance level was set at 5% for all tests. As for the
numerical variables, measures of central tendency and dispersion
were taken (standard deviation and mean). The categorical variables
were evaluated in absolute relative percentage.

All variables were complemented with measurements of effect
size (Cohen’s d: small, d = 0 to 0.2; medium, d = 0.2 to 0.5; large,
d=0.5t0 0.8; and very large > 0.8), and the power of the test was
calculated using statistical software. All tests were performed using
SPSS Statistics 22.0 software (IBM Corporation, New York, USA).

Results

Flow of participants through the study

Recruitment occurred between March and September 2017.
The flowchart of selection of study participants is described in
Figure 2. A total of 28 participants were screened for eligibility
and 17 were excluded.

[Patients with CRF on hemodialysis (For at least 3 months)]
n=28

1 1

{Historv of AMI, HFJ (Visual Deficiency

Refused to parti-
cipate (n=6)

and HPM (n=2) (n=2)

Severe intellectual
deficiency (n=2)

{

Included (n = 16)

HDM instability (n=2)
Muscular dysfunction (n=1)
Moved to another city (n=1)
Prolonged hospitalization (n=1)

|

Figure 2 - Flowchart of selection of study participants; CRF: Chronic Renal
Failure; AMI: Acute Myocardial Infarction; HF: Heart Failure; HPM: heart
pacemaker; HDM: hemodynamic.

Follow-up

The sample was composed of eleven participants (49.2 +
8.6 years). The demographic characteristics of the participants
are summarized in Table 2, and the sample was characterized
according to HRV data (Table 1). We can observe that in the
linear analysis, as well as in the non-linear analysis, the partic-
ipants already presented low HRV.
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TABLE 2 - Characteristics of the participants with Chronic Renal
Failure on hemodialysis.

Variables Participants (n = 11)

Age, mean (SD), years 49 (8.6)

Sex (M/F), n (%) 63.6% / 36.4%

Time of hemodialysis treatment

(months) 32
Weight, mean (SD), kg 69.4 (11.17)
Height, mean (SD), m 1.69 (0.07)

Comorbidities, n (%) SAH, 9 (81.8)

Type II DM, 3 (27.3%)

Asthma/Bronchitis, 2 (18.2)

Previous Tuberculosis, 2 (18.2)

Kg = Kilograms; m = meters. SAH: systemic arterial hypertension; DM:
diabetes mellitus.

Results related to lung function, respiratory muscle strength,
peripheral strength (quadriceps strength), palmar grip strength,
and physical conditioning, before and after the proposed protocol,
are summarized in Table 3.

According to table 3, it is possible to see that the group
studied showed decreased lung function, respiratory mus-
cle strength, and functional capacity, when compared to the
Brazilians’ average. The mean of all these variables was higher
after treatment, except for FVC, which showed similar values
as in the beginning of the protocol. The variables of maximal
expiratory pressure (MEP) (Cohen’s d =0.59, 95% CI 100.3 to
139.7), palmar grip strength (Cohen’s d = 0.52, 95% CI 26.32
to 42.68), left quadriceps strength (Cohen’s d = 0.77, 95% CI
44.3 to 56.72), and distance walked in the 6MWT’(Cohen’s
d =0.83, 95% CI 398.7 to 526.39) demonstrated statistically
significant increases as well as large to very large effect sizes.

For the values of FEV1, FVC, MIP and right quadriceps
strength, no statistically significant differences were found,
although the statistical power of these variables was considered
between medium and large.

TABLE 3 - Pre- and post-intervention variables analyzed in individuals with Chronic Renal Insufficiency on hemodialysis.

Mean (SD) Statistical Analysis
Variable Expected values p-value
BEFORE AFTER EFFECT SIZE TEST POWER
FEV1 3,43 (0,57) 3,06 (0,86) 3,19 (0,97) 0,14 0.57 0,472
Spirometry (L/sec)
FVC 4,26 (0,74) 4,32 (1,11) 4,32 (1,27) 0,01 0.97 0,979
MIP - 104,81 (14,45) -90,45 (38,23) -94,54 (27,33) 0,12 0,69 0,663
Manovacuometry
(cmH20)
MEP 110,74 (19,30) 102,72 (29,44) 120 (29,32) 0,59 0,53 0,012%*
Palmar grip dyna-  Overall mus- %
mome-try (kgF)  clestrength T 31,09 (9,12) 36 (9,93) 0,52 0,60 0,001
Dynamome-try of . .
right quadriceps  tooit quadri- 454 (11,69) 50,57 (20,53) 0,32 0,55 0,395
ceps strength
(kgF)
Dynamome-try .
of left quadriceps  eftquadri- 44,64 (9,25) 53,62 (14,33) 0,77 0,52 0,025*
ceps strength
(kgF)
Six-minute walk Distance
walked in 588(31,04) 385,09 (91,57) 462,54 (95,03) 0,83 0,39 0,009*
test (m) 6MWT

L/sec: liters per second, cmH2O: centimeters of water; KgF: kilogram force; m: meters; FEV1: forced expiratory volume in the first second; FVC: Forced
Vital Capacity; MIP: Maximum Inspiratory Pressure; MEP: Maximum Expiratory Pressure; 6MWT: six-minute walk test. *: statistically significant difference
(p<0.05). Paired T-test (parametric samples) and Wilcoxon’s test (non-parametric sample). Cohen’s d Effect Size.
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Discussion

The major findings occurred in the expiratory, peripheral and
overall muscle strength as well as in the functional capacity of
individuals with CRF on HD.

The participants with CRF on HD showed low HRV, which
is the main feature related to increased risk of cardiovascular
events and responsible for the growing number of hospitaliza-
tions in this population with CRF*. Therefore, it is important
to evaluate this parameter even as a prognostic factor as well
as to promote measures to improve autonomic modulation,
including moderate-intensity physical exercise in the daily life
of these individuals®.

Our findings indicate that the participants already showed
significantly reduced HRV before the protocol (RMSSD:
14.49+13.14 ms; SDNN: 21.04+12.89 ms; LF: 184.11+283.02
ms?; HF: 50.9+96.86 ms?), when compared to the healthy popu-
lation®” (RMSSD: 27+12 ms; SDNN: 141+9 ms; LF: 1170416
ms?; HF: 975203 ms?) and hypertensive patients in the same
age group™®, that is, the participants of this study already pre-
sented a marked dysfunction in the autonomic modulation of
HR, highlighting the importance of HRV in the prognosis of
these individuals.

In addition to the involvement of the autonomic nervous
system, one of the organs most affected by CRF is the lungs.
Patients with CRF terminal stage have chronic pulmonary edema,
which can cause pulmonary congestion, impairing the diffusion
capacity of the lungs, due to the excess of accumulated fluid,
causing gas exchange disturbances and, consequently, worsening
pulmonary function®. The spirometric values did not present a
significant increase. This can be explained by the fact that the
HD procedure assists in the removal of the accumulated fluid.
Therefore, there was an improvement of the spirometric variables
after this procedure’, and the proposed protocol and the spiro-
metric evaluation were performed at the beginning of the HD
session, when there was still no significant loss of excess fluid.

Individuals with CRF on HD showed decreased spirometric,
respiratory muscle strength, and 6MWT performance results
before the beginning of the proposed exercise program. Even
though these values increased after the protocol, most of these
variables were still lower than the expected to the Brazilian
population. The exception was the MEP, which had higher than
expected results.

Also in this context, the physiotherapy intervention also
provided an increase in the values of respiratory muscle strength,
mainly in MEP. Similar results were found by Figueiredo et
al.*, who reported a significant increase in MIP and MEP after
an inspiratory muscle training protocol with individuals with
CRF on HD, with only six weeks of treatment. In addition, other
benefits have been demonstrated with the inclusion of respiratory
rehabilitation in these individuals, such as a significant increase
in lung function, respiratory muscle strength, functional capacity
and improved quality of life*.

Although no load was applied to the expiratory muscles,
there was an increase in MEP. This can be explained by the fact
that, with the training, the inspiratory muscles become stronger
and are able to move the chest to a more expanded position in
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preparation for the maneuver of MEP measurement. This more
expanded position means greater elastic recoil of the lungs and
chest wall, which may have led to the increase in MEP*,

Loss of muscle mass in CRF is a significant and common
feature that affects the activities of daily living and is associated
with reduced quality of life and increased mortality rate*'. In
addition to the benefits in the respiratory system, the proposed
intervention protocol in this study was effective in gaining
overall muscle strength.

Regular physical activity has beneficial effects on the car-
diometabolic, neuromuscular and cognitive function in all stages
of CRF. Therefore, changes in lifestyle should be an integral part
of'the treatment of renal diseases'’. Several studies have proposed
physical exercise during HD**, but there is still no consensus
as to which protocol is most beneficial for these patients. The
present study proposed the implementation of a mixed exercise
protocol, given that generalized muscle weakness is observed
in this population.

In addition to the combination of exercises, the major
differential aspect of the physiotherapy intervention protocol
was the use of the Russian stimulation associated with resisted
exercises. Schardong et al.”” performed a similar electrostimu-
lation protocol to the present study, with the same intervention
time and with a reduced sample size (control group n =10 and
intervention group n = 11), although without an association
with resisted exercises. They also reported that neuromus-
cular electrostimulation promoted an increase in lower limb
muscle strength and had a protective effect on muscle hypot-
rophy, but with no improvement in the functional capacity of
these individuals.

The resisted exercise associated with the Russian electric
current might have influenced the improved results found in the
lower-limb muscle strenght. In the Chiguira et al.* study, even
though individuals perfomed several aerobic and resistance
exercises, such as cycle ergometer and Thera-band with progres-
sive loads, during maintenance dialysis, there was significant
improvement in the lower-limb muscle strength values.

In the present study, improved functional capacity was ev-
idenced by the increase in the distance covered in the 6SMWT,
and this can be explained by the gain of muscular strength
promoted by the electrical stimulation associated with resisted
exercises, acrobic exercises, as well as the improvement of the
respiratory conditions. Similar results were found by Pellizzaro,
Thomé and Veroneze*, who submitted HD patients to muscle
training for 10 weeks. The authors observed a significant
increase in functional capacity, suggesting that impairment
of functional capacity in CRF patients may be attenuated by
gain in muscle strength.

Patients diagnosed with CRF on HD have reduced functional
capacity*, especially due to the more sedentary lifestyle that is
imposed by the routine of HD. The patients perform this pro-
cedure during about four hours, three times a week, and very
often, other uncomfortable symptoms are associated with the
treatment, making the patients feel unwell.

Individuals with CRF during HD should be encouraged to
increase their fitness level, which may consequently improve their
prognosis®’. In this context, the proposed intervention protocol
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proved to be an applicable, effective and safe alternative, since
no adverse events were reported during the research.

However, some limitations could be observed. This was a
quasi-experimental clinical study with a small sample size, similar
to other studies***4¢. The small number of participants may be
explained by the low adherence of physical exercise during HD.
Most patients were used to monotonous HD sessions, inactivity
during HD and sedentary behavior in general, demonstrating
resistance to lifestyle changes. In addition, it could be observed
that these participants had emotional alterations, which became
worse in the subsequent weeks. This may have influenced the
results of the research. Future studies should be performed using
a randomized controlled trial to confirm our results.

Conclusion

It can be concluded that the proposed protocol is effective in
increasing knee extensor muscle strength, palmar grip strength,
expiratory muscle strength and functional capacity of individuals
with CRF on HD.
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