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Abstract. Physical exercise promotes benefits for people with chronic kidney disease, but little
has been investigated on the effects of strength training using the blood flow restriction method.
The objective is to present the intervention protocol with strength physical exercise associated
with the RFS method for people with stage 3 CKD and to report the benefits in the hemodynamic
scope and personal satisfaction after 4 weeks of exposure to physical exercise. The study is an
intervention protocol proposed to be developed over 12 weeks, with 9 exercises, in people with
CKD-3, on 3 days a week lasting 50 minutes. The participants were divided into groups with low
load, with high load and group with blood flow restriction and hemodynamic variables (blood
pressure and heart rate) and affective satisfaction in relation to the proposed exercise were
measured. Forty people aged 58+8.9 years were recruited, of which 30 participated in the
intervention. Regarding satisfaction, the high-load group presented better results (2.8 to 3.5)
(p = 0.035); and for blood pressure, the blood flow restriction group showed significance in
systolic pressure (p = 0.034). It is concluded that after 4 weeks of intervention with a strength
training protocol aimed at blood flow restriction, there are trends of improvements in systolic
blood pressure levels, and affective sensations were improved after the end of the exercise
sessions.

Keywords: chronic kidney failure, strength training, hemodynamics parameters, blood
restriction, intervention protocol.

1. Introduction

Physical exercise has been used as an essential non-pharmacological resource to improve
morphological, physiological, and behavioral parameters and physical performance in numerous
treatments for clinical conditions, chronic diseases, and health problems [1], [2]. In addition, the
regular practice of these activities has been shown to improve adherence to and the effects of
treatments for diseases with more severe interventions such as cancer, systemic lupus
erythematosus, multiple sclerosis, mental disorders, stroke, and chronic kidney disease (CKD) [3].

CKD can be characterized as a progressive, irreversible, and chronic loss of kidney function
[4]. The stages of the disease's evolution are determined by the loss of the kidneys' ability to filter
solutes, corroborating the development of more advanced stages of the disease that require renal
replacement therapy (hemodialysis, peritoneal dialysis and/or transplantation) [5]. However,
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before this time, the conservative phase of treatment allows people to regulate the disease through
physical activity, dietary restrictions, a reduction in risky behaviors (excessive use of alcohol and
tobacco), as well as the use of medication to control glycemic, inflammatory and blood pressure
parameters [6], [7].

However, even though research has been done on the impact of physical exercise on this
population [8], levels of physical activity are still below those recommended, for example, by the
Physical Activity Guide for the Brazilian Population and the World Health Organization [9], [10].
Taking strength and aerobic exercise into account, studies have shown an improvement in
functional capacity (strength and respiratory conditioning), glycemic levels, hemodynamics,
kidney function, metabolic aspects (body mass, body mass index, body composition), perceived
quality of life and well-being [11]-[13].

Recently, strength training has been associated with the blood flow restriction (BFR) method
to verify beneficial changes in healthy populations. BFR causes an environment of hypoxia in
muscle tissue, inducing metabolic stress due to the internal acidity of the muscle triggered during
training, which in turn corroborates an increase in hormonal expression for recovery and
regeneration of muscle tissue [14], [15]. In this sense, benefits such as increased muscle strength
[16]; hypertrophy [17], [18], regulation of blood pressure increase [19]; changes of 40 % and 60 %
of VO’max in aerobic exercise protocols [20]; and hematological, biochemical and hormonal
parameters [21].

For the CKD population, some recently reported benefits include metabolic and blood pressure
gains, increased dynamic strength, improved functional capacity, vascularization for
arteriovenous fistulae, regulation of autonomic function, slowing the decline in GFR, changes in
endothelial function, vascular conductance and venous compliance and inflammatory markers
(IL-18, IL-10, IL-5, TNF-alfa vasopressin, F2-isopropane, NO2 and angiotensin 1-17) [22]-[28].

The aim of this text is to present the intervention protocol with strength training associated
with the RFS method for people with stage 3 CKD and to report the benefits in terms of
hemodynamics and personal satisfaction after 4 weeks of exposure to exercise.

2. Methos and materials
2.1. Type of study

The proposed intervention protocol is part of the research project “Chronic effects of strength
training with blood flow restriction on glomerular function, functional capacity and perceived
quality of life of people with chronic kidney disease” approved by the ethics committee of the
Professor Alberto Antunes University Hospital of the Federal University of Alagoas
(CEP-HUPAA/UFAL) under protocol number 7.159.681/2024. The study was registered on the
Brazilian Clinical Trials Registry Platform (REBEC) under the number RBR-7bt6dxb.

2.2. Population and sample

The population was made up of adults and elderly people of both sexes with CKD. The sample
consisted of people of both sexes, aged between 35 and 75 years, with a glomerular filtration rate
(GFR) between 59 and 30 ml/min/1.73m2 treated at the nephrology services of the Professor
Alberto Antunes University Hospital (HUPAA).

The sample calculation was carried out using the UNESP-BAURU calculator
(estastistica.bauru.usp.br/calculoamostral/ta_ic_proporcao.php), adopting a 95 % confidence
interval and a sampling error of 5 %, with an estimated proportion of people with CKD prevalence
with GFR between 59 and 30 ml/min/1.73m2 in the HUPAA urinary system service between
January and July 2024, totaling the effective number of 197 patients, considering it as a finite
population.

Thus, using a power of 0.8 as a measure, considering a significance level of 5 %, and an effect
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size of 0.25, to analyze 4 groups, taking 4 measurements in each of them, with a correlation rate
between measurements of 0.5, a sample of 35 subjects was estimated. Estimating a sample loss, 5
participants were added, giving a final number of study members of 40 subjects.

2.3. Eligibility criteria

The study included people with CKD who lived in the city of Maceidé and the metropolitan
region of Alagoas, Brazil; signed a Free and Informed Consent Form (FICF); and did not have the
following clinical conditions: people who do not have neurodegenerative or infectious diseases
(HIV with detectable active viral load and systemic lupus erythematosus); symptomatic heart
failure according to the New York Association Heart (NYAH) criteria; sepsis in the last 12
months; hepatitis C and B under treatment; coagulation dysfunction or signs of thrombophlebitis;
surgery in the last 3 months; severe arrhythmia, angina or cerebrovascular or cardiovascular
disease; pulmonary congestion or peripheral edema; previous surgery or vascular access in the
upper limbs; participants with an Ankle Brachial Index (ABI) between 0.91 and 1.30.

Participants were excluded from the study if, after starting the intervention period, they were
affected by any hypokinetic or osteoarticular disease or cardiovascular events; if they had medical
recommendations to leave the study; if they did not attend more than 85 % of the sessions planned
for the intervention; or if they had personal needs or wishes to withdraw from the research.

2.4. Randomization

The participants were allocated to 4 groups: 1) Low-load strength training associated with the
blood flow restriction method (GRFS); 2) Low-load strength training (GBC); 3) High-load
strength training (GAC); 4) No strength training.

The groups were matched on gender, activity level, stage 3 sub-classifications and different
levels of quality of life and functional capacity.

2.5. Blood flow restriction method

The method of restricting blood flow consists of extending an external compression around
the proximal region of the limbs (upper and lower) using pneumatic cuffs. During training,
sufficient pressure is applied to restrict muscular venous return, usually in the range between 30
and 70 % of millimeters of mercury identified from the insonation pulse based on the measurement
of systemic blood pressure. This measure also allows for the existence of blood bundles for
muscular arterial inflow [29].

Compression can be performed continuously (without removing the cuff) or intermittently
(with the cuff removed) after performing a series of each exercise. Thus, after removing the
compression device, reperfusion is physiologically manifested, aimed at renewing and recovering
muscle tissue (a product of reperfusion ischemia), responsible for an increase in blood supply with
high metabolic concentrations [30].

In addition, the RFS method uses a low load, usually estimated at between 20-30 % of 1RM,
which, due to the use of comprehension, allows similar responses to training with loads of between
70-80 % of 1RM. Normally, strength training protocols use 4 sets of 30-15-15-15 repetitions per
exercise.

2.6. Intervention protocol

The physical intervention was carried out in the weight training room of the Institute of
Physical Education and Sport (IEFE) of the Federal University of Alagoas (UFAL) between
September 23 and October 19, 2024, corresponding to 12 sessions in 4 weeks.

The training sessions took place on 3 days a week, lasting 30 to 40 minutes in the morning
and/or afternoon, and were designed by the researcher and collaborators. Although the
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participants’ training schedule was scheduled in advance, there was the possibility of changes due
to medical commitments, clinical procedures, or the participants' personal commitments.
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Fig. 1. Proposed strength exercise training protocol for people with CKD-3. Source: (0) cycle ergometer;
(1) bench press with dumbbells; (2): bilateral flexor table; (3) triceps on pulley with straight bar;
(4) low row with straight bar; (5) bilateral extension chair; (6) barbell curl; (7) bilateral 45° Leg Press;
(8) lateral raise with dumbbells; (9) standing calf raise on machine

The protocol consisted of 6 (six) exercises, namely: bench press with dumbbells, bilateral knee
extension (extension chair), triceps on pulley with straight bar, seated row with straight bar,
bilateral knee flexion (flexor table), barbell curl, hip flexion (45° leg press on machine), lateral
raise with dumbbells and vertical calf raise on machine. The distribution of these exercises can be
seen in Fig. 1.

In addition, before and after the training session, stretches were performed (unilateral elbow
flexion behind the back, unilateral standing knee flexion; hip flexion with the hands; and hip
flexion on the backrest) lasting 20 seconds each movement and then a warm-up on the cycle
ergometer (model MS-160) for 10 minutes at a level 1 control intensity. One level will be added
every 3 weeks of the protocol. However, there was no speed control.

The training protocol was designed in 4 progression cycles, as shown in Table 1. This text
reports the results of this first cycle only.

Table 1. Training progression cycles

Cycle 1 Cycle II Cycle III Cycle IV
Groups 1st to 3rd week 4th and 6th week 7th and 9th week 10th and 12th week
b Series N Load Series N Load Series N Load Series N Load
rep. | (10RM) rep. | (10RM) rep. | (10RM) rep. | (10RM)
GRFS| 4 15 30 % 4 15 30 % 4 15 30 % 4 15 30 %
10- o 10- N 0 10-
GBC 3 12 30 % 3 12 35 % 3 |8-10] 40% 3 12 40 %
10- o 10- o 0 10- 0
GAC 3 12 60 % 3 12 70 % 3 810 80% 3 12 80 %

The GREFS performed 4 sets of each exercise, with 15 repetitions and a load of 30 % 10RM.

There was an adjustment to the blood flow restriction value at week 7 after a reassessment of the
auscultatory pulse. The blood flow restriction was made conditionally, with 50 % of the arterial
occlusion pressure (AOP)/insonation pressure and performed continuously. The GBC in the 1st
cycle (1st to 3rd week) performed exercises in 3 sets of 10-12 repetitions, with 30 % 10RM. The
GAC in the 1st cycle (1st to 3rd week) performed exercises in 3 sets of 10-12 repetitions with
60 % 10RM.

In all groups, after the 6th week there will be a new evaluation of the I0RM test to adjust the
32
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load to be applied from the 7th week onwards.

In addition, in the intervention groups, the exercises were timed using a digital metronome
model DIGIPOM (version 1.2.0), emitting digital sound in the indigo theme, with a rhythm of 2
beats in 2/4-time, equivalent to 48 beats per minute.

BP and HR were measured before and after each session throughout the intervention period.

During the intervention session, the effects of the intensity of the exercise on the patient were
measured using the Borg Subjective Perception of Effort scale (PSE-BORG). The instrument
consists of a scale that serves as a tool to identify and measure the sensation of effort perceived
during a physical task [31]. The adapted BORG scale is divided into 5 indices: Zone 1 — weak
(<70 % of effort); Zone 2 — moderate (70-80 % of effort); Zone 3 — moderate to intense (80-85 %
of effort); Zone 4 — intense/very intense (85-90 % of effort); Zone 5 — exhaustion (> 90 % of
effort).

Finally, the scale of affective feelings for physical exercise was measured, as proposed by
Hardy & Rejeski [32]. The scale identifies the participants' state on a continuum ranging from —5
(very bad), —4, -3 (bad), -2, —1 (fairly bad), 0 (neutral), +1 (fairly good), +2, +3 (good), +4 to +5
(very good). The scale was applied to the participants by oral questioning during each day of
training, always before the start of the protocol and after the end of the session of all the exercises
proposed for the day. The final result was expressed as the average (before and after) of all the
sessions carried out by the participants over four weeks.

2.7. Measures evaluated

In the study is evaluating behavioral, morphological, functional capacity, blood and urinary
measurements.

— Behavioral measures: semi-structured questionnaire with questions regarding age, gender,
level of education, skin color, level of education, marital status, use of tobacco, alcohol and other
drugs, associated diseases and level of CKD stage; level of physical activity with the International
Physical Activity Questionnaire (IPAQ) [33]; level of sarcopenia, SARC-F [34]; perceived
discomfort questionnaire [35]; perceived quality of life SF-36 [36]; level of fatigue, Piper scale
[37]; level of mood, POMS [38].

— Morphological measurements: weight, height, body mass index (BMI), waist, hip, arm, leg
and calf circumferences, body composition (tetrapolar bioimpedance).

— Functional capacity measures: hand pressure dynamometry; 6-minute walk test; sit and stand
test; forearm flexion test; sit and reach test; Time Up and Go (TUG) test; and reach behind the
back test [39], [40].

— Neuromuscular measurements: 10-repetition maximum (10RM) test, validated 1-repetition
maximum (1RM) test protocol [41]-[43] for the exercises bench press with dumbbells, bilateral
knee extension (extension chair), pulley triceps with straight bar, seated row with straight bar,
bilateral knee flexion (flexor table), barbell curl, hip flexion (45° leg press on the machine), lateral
raise with dumbbells and vertical calf raise on the machine.

— Blood and urine measurements: non-fasting glycemia, urinalysis (color index, urobilinogen,
glucose, ketone bodies, bilirubin, protein, nitrite, pH, hemoglobin and leukocytes), renal (serum
creatinine, Cystatin-C, microalbuminuria), muscle damage (CK and Aldolase), thrombotic risk
(D-dimer) and cellular inflammation (IL-6) were carried out by private laboratory DILAB
(Maceio, Alagoas, Brazil).

These measurements were taken one week before the start of the intervention with the training
protocol and will be repeated in the week immediately after the end of the entire study, scheduled
for 12 weeks.

As this text aims to present only the training protocol developed for this population, as well as
its possible hemodynamic effects after 4 weeks of use, the data referring to behavioral,
morphological, functional capacity, blood and urinary measurements will not be discussed in this
article and will be saved for a future opportunity. The intention of revealing the existence of these
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measures was only to demonstrate the other monitoring that is being carried out for the safety and
follow-up of the participants.

3. Results and Discussion

The intervention involved 40 adult and elderly individuals with stage 3 CKD undergoing
conservative treatment at a high-complexity hospital in the city of Maceid/Alagoas, Brazil. Of
these, 21 were men (52.5 %) and 19 were women (47.5 %) with an average age of 58 + 8.9 years.
In terms of social aspects, the majority were self-classified as brown (45 %), married (62.5 %),
not working (65 %) and with low levels of schooling (57.5 %).

In terms of health behaviors and lifestyle, the participants were hypertensive (87.5 %),
non-diabetic (62.5 %), non-users of tobacco (70 %) and alcohol (52.5 %) and reported having no
other associated disease (55 %). In terms of physical activity levels, the group had low levels of
physical activity and were classified as insufficiently active and/or sedentary (60 %).

Attendance at training sessions was 80.8 % for GBC, 76.9 % for GAC and 91.7 % for GRFS.
The reasons for absence ranged from medical appointments, micro-surgical procedures, pain,
tiredness, and lack of money to pay for travel to the intervention environment. Table 2 shows the
results of the means and standard deviations of the hemodynamic measurements at baseline,
before and after the intervention.

Table 2. Hemodynamic measurements at baseline, before and after the physical
exercise protocol for patients with CKD-3 in 12 sessions over 4 weeks

Variables - GBC - GAC - GRFS
Baseline Pre Post Baseline Pre Post Baseline Pre Post
SBP 146,6 + 142,0 | 142,3 142,6 + 1404 | 1372 131,4 + 132,7 | 120,9+
(mmHg) 29,8 +173 | £223 13,4 +10,8 | £11,8 12,4 +152 11,9
DBP 86,0+ | 834+ | 825+ | 856+ | 892+ | 88,6+ | 8L1+ | 751+ | 751+
(mmHg) 29,8 11,5 11,7 11,7 8,1 9,5 8,0 5,6 6,1
HR 76,0 = 82,6+ | 90,0 + 79,7 + 81,7+ | 88,6 70,9 + 782+ | 80,6+
(bpm) 11,0 7,9 11,4 7,4 7,8 9,5 13,4 10,4 10,9
Source: authors, 2024. Legend: SBP — Systolic Blood Pressure; DBP — Diastolic Blood Pressure; HR —
Heart Rate; GBC — Low Load Group; GAC — High Load Group; GRFS — Blood Flow Restriction Group

For SBP, the GRFS group showed the greatest drop in blood pressure levels from baseline to
after the exercise protocol (11.9 mmHg), although this was not statistically significant
(p =0.101).

For diastolic blood pressure, the GRFS group had the biggest drop (6.0 mmHg), but with only
a trend towards a significant difference (p =0.082). However, when the measurements are
compared only over the 4-week intervention period, as shown in Table 3, a statistical difference
can be seen for SBP in the GRFS (p =0.034) and HR for the GBC (p =0.006) and GAC
(p =0.034).

Table 3. Comparison of hemodynamic measurements before and after the exercise protocol
for patients with CKD-3 in 12 sessions over 4 weeks (paired T-test) (N = 30)

Variables GBC GAC GRFS
p-value Cohen’s d p-value Cohen’s d p-value Cohen’s d
SBP 0.922 -0.032 0.249 0.390 0.034* 0.791
(mmHg)
DBP 0.556 0.193 0.512 0.216 0.824 0.072
(mmHg)
HR (bpm) 0.006* -1.128 0.034* —0.782 0.099 —0.582
Source: authors, 2024. Legend: SBP — Systolic Blood Pressure; DBP — Diastolic Blood Pressure; GBC —
Low Load Group; GAC — High Load Group; GRFS — Blood Flow Restriction Group. (*) p-value < 0.05
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Finally, heart rate increased in all groups. The GBC showed the greatest increase (6.6 bpm),
but in all groups the data revealed a statistically significant difference: GBC (p = 0.014), GAC
(p =0.001) and GRFS (p = 0.037).

When we looked at satisfaction (Fig. 2) after the intervention protocol, the GAC showed a
statistically significant difference (p =0.038) in the improvement in perceived satisfaction.
However, it is worth mentioning that all groups showed an increase in affective satisfaction with
the proposed training.

As for the effects after the training sessions, the blood flow restriction group reported a
reduction in swelling, localized pain, and an improvement in physical disposition as positive
results. On the other hand, cramps, tingling sensations and pressure behind the neck were reported

as adverse effects.
PRE POST p-value
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Fig. 2. Affective satisfaction with the physical exercise protocol in people with CKD-3
in 12 sessions over 4 weeks. Source: authors, 2024.

Type 2 diabetes mellitus, obesity, and systemic arterial hypertension (SAH) are considered
underlying diseases for the onset and progression of CKD [44]. There is already evidence that an
increase in blood pressure is associated with a decrease in the number of nephrons because of
fewer renal glomeruli [45]. The arterial system is made up of high-pressure tubes that transport
substances, including O», to all parts of the body. Thus, blood pressure is nothing more than
ventricular contraction from the combined effects of arterial blood flow per minute as opposed to
peripheral vascular resistance [46]. When there is a stiffening of the vessels due to debris in the
arterial wall which leads to an increase in peripheral flow resistance because of nervous
hyperactivity and/or alterations in renal function, this characterizes the existence of SAH.
Therefore, due to the renin-angiotensin-aldosterone system regulated by the kidney glands, SAH
ends up having an immediate impact through morphological and debilitating changes in the
kidneys' glomerular filtration activities.

One of the main measures in conservative (non-dialytic) treatment for people with CKD is the
use of drugs to control blood pressure levels (beta-blockers, alpha-blockers, calcium channel
blockers, diuretics, ACE inhibitors, angiotensin II receptor blockers), as well as the reduction
and/or elimination of smoking and the introduction of regular physical activity, as a
non-pharmacological strategy to keep SAH conditions somewhat under control. For stage 3, which
is the subject of this analysis, non-diabetics should have blood pressure levels between 140/90
mmHg and diabetics between 130/80 mmHg [47].

Regular physical activity promotes an increase in endothelial function, leading to a decrease
in cellular inflammation and an increase in pro-inflammatory substances in the adipocyte, as well
as a decrease in oxidative stress and intestinal dysbiosis [48]. In terms of SAH, the responses will
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be linked to intensity, but in general, they corroborate an increase in vasodilation in the muscles
being trained, providing a decrease in peripheral vascular resistance [46]. However, the prevalence
of regular physical activity practice at the levels recommended by the WHO and the Brazilian
Guide to Physical Activity Practice [9] - above 150 minutes per week of aerobic activity - is still
low in this population, at around 60-70 %, regardless of the stage they are at [49]-[51].

In any case, intervention studies with aerobic exercise and strength exercises have been divided
in terms of results, although few have specifically evaluated this variable in patients undergoing
non-dialysis treatment. While some studies have shown low evidence in blood pressure levels, but
good results in increasing functional capacity and fasting glycemia [8], [52]; others have shown a
decrease in SBP and DBP, and satisfactory changes in HR [53]. In addition, the variability of the
types of intervention — high-intensity interval training, electrical stimulation of muscles,
association with nutritional supplementation and use of the RFS method — has proved to be
additional strategies in the incorporation of physical exercise in this population [11]

For strength training associated with BFR, few studies have looked at hemodynamic changes
as primary outcomes. In association with strength training, some findings indicate that there are
no changes in peak SBP when investigating increases in vessel diameter [28]; a decrease in blood
pressure, redox balance and the bioavailability of nitric oxide, an essential substance for regulating
vasodilation and vasoconstriction [25]; and an increased risk of D-dimer levels (> 500 ng/mL)
after 4 hours of exercise in people on hemodialysis, increasing the chances of thrombosis, which
is extremely associated with peripheral vascular resistance [24]. In the use of aerobic exercise, no
risks of vascular stress and harmful pressure changes were found with RFS [54].

Thus, there is a need to expand research into hemodynamic responses to exercise training
associated with RFS, so that aspects related to intensity, RFS measurements and exercise
frequency can build safer parameters for the CKD population. Logically, the short period of
analysis of this protocol is a limitation for analyzing the results in a broader way, but it may
indicate promising results to come from a longer-term intervention.

4. Conclusions

After 4 weeks of intervention with a strength training protocol, there were tendencies to
improve systolic blood pressure levels when using the blood flow restriction method. However,
when evaluating the effective satisfaction of the training, even though there were clinical
improvements when using the method, training with a high load can show significant changes.

It is hoped that over the course of 12 weeks, the period of validity of the research, new benefits
can be reported for its use in other training environments that are not exclusively clinical and
scientific.
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