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Background: Spinal cord injury (LM) above T6 is followed by a loss of supraspinal

sympathetic control of the heart, disrupting autonomic balance and increasing

cardiovascular risk. Objective: To evaluate cardiac autonomic modulation,
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biochemical markers, and sleep quality in wheelchair users with spinal cord
injury and strength training. Methods: A 12-week cross-sectional study included
50 male participants aged between 20 and 52 years. With the evaluation of
anthropometric measurements and body composition, Biochemical evaluation,
Measurement of blood pressure, Pittsburgh Sleep Quality Index (PSQI), Injury
Level, Assessment of the heart rate variability. Results: they point to a better HRV
behavior in the wheelchair basketball (WCB) and wheelchair basketball +
strength training (WCBS) groups to wheelchair control (WC). These data indicate
that basketball practice and strength exercise combined with basketball practice
can positively affect autonomic modulation. Conclusion: The practice of
basketball, associated with resistance training, may improve hemodynamic,

metabolic, and autonomic parameters.
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Modular Injury
INTRODUCTION

Spinal cord injury usually occurs in young adults and is very disabling because it
results in motor, sensory and autonomic deficits . It's essential to mention that
sympathetic innervation to the heart is disturbed in lesions above T6 because of
damage in the afferent and efferent pathways to sympathetic neurons located in
the T1-T5 medullary segments. The parasympathetic innervation of the vagus
nerve is also unchanged, causing an autonomic imbalance %3. Consequently,
after spinal cord injury (SCI), the disorder in autonomic balance leads to

increased cardiovascular risk #.

A sedentary lifestyle is typical after SCI, contributing to cardiovascular disorders

responsible for the increased risk of cardiovascular diseases in wheelchair users °.

Studies showed that aerobic and resistance exercise has pointed to an essential

non-pharmacological intervention to reduce several risk factors related to

t 6,7

cardiovascular diseases in SCI, such as glucose impairment ©/, atherogenic lipid

profile & uric acid ° sleep quality, and reduced cardiovascular fitness '°.



Additionally, it is well documented that cardiac autonomic function can improve
after regular exercise in healthy individuals with spinal cord injury "2 However,
there is still a lack of studies in the literature that demonstrate how often the
combination of sports practice could lead to positive cardiovascular changes and
whether the combination with resistance training could potentiate or impact
parameters such as hemodynamic variables, metabolic, autonomic, and sleep
quality 1 4,

The practice of sports in the rehabilitation process increases physical activity and
improves the quality of life, leading to self-esteem recovery'™. However, despite
cardiac autonomic impairment, biochemical changes, and poor sleep quality in
individuals with SCI, few studies have reported the importance of basketball
sports practice, combined with strength training in cardiac, biochemical, and

sleep quality autonomic control in people with SCI.

Thus, this study evaluated cardiac autonomic modulation, biochemical markers,
and sleep quality in wheelchair users with spinal cord injury and strength

training.

METHODS

A 12-week cross-sectional study included 50 male participants aged between 20
and 52 years. The study divided participants into four groups: Healthy Sedentary,
Control (C) (11 individuals); Control wheelchair users (WC) (15 individuals);
basketball wheelchair users (WCB) (13 individuals), and wheelchair basketball ball
plus strength training 12 weeks (WCBS) (11 individuals). All methods used in this
study are approved by the Institutional Ethics Council (Opinion Number:
2,639,370), (CAAE: 87424618.5.0000.5087) and follow the guidelines Helsinki
declaration. Before starting the research, all methods were presented to the
participants and entered the study voluntarily after signing the free and

informed consent form.

As a criterion of non-inclusion, the participants of the wheelchair groups could
not: 1- current diagnosis with multiple spinal lesions; 2- being smokers; 3- Be

wheelchair users without spinal cord injury or 4- make use of cardiovascular



medications. The wheelchair users participated in the study after a public call.
The physical education department of the Federal University of Maranhao was
the site of data collection. All data collection was performed on days and times
previously scheduled or according to the availability of volunteer athletes. The

subjects avoided caffeine, alcohol, and physical activity 24 hours before the test.

The composition of the WC group occurred through wheelchair users of an
association of people who have spinal cord injury and are sedentary; we
structured the WCB and WCBS group by basketball players in wheelchairs of the
Parasport Excellence Center team. The group that trained basketball had a

regular workout, twice a week between 2 and 3 hours a day.

Regarding strength training, the agonist/antagonist method was followed,
consisting of performing two exercises respecting the sequence, first the training
of the agonist’'s muscle, then its respective antagonist applicable to all muscle
groups '°. We performed the strength exercises sitting in his wheelchair of daily
locomotion or sitting in the gym equipment. The sequence of the exercises
performed was: 1. Front handle (back); 2. Sitting straight supine (chest); 3. Direct
thread (biceps); 4. French triceps (triceps); 5- Lateral elevation (shoulder, medial
deltoid); 6- frontal elevation (shoulder, anterior deltoid); 7- Thread handle (arm); 8-
Inverted handle thread (forearm). Strength training was performed in twelve

consecutive weeks, three times a week for an hour on average.

EVALUATION OF ANTHROPOMETRIC MEASUREMENTS AND BODY
COMPOSITION

The size of the participants’ height, the subject lay on the stretcher in the supine
position and with anthropometric metric tape (Sanny TR4010) with an accuracy
of 0.1cm .

We checked the body mass with a digital scale (Welmy) with a precision of 0.05
kg '8, which enlarged the base area of the scale to support the bodyweight of
wheelchair users, invited them to sit in a sturdy lightweight plastic chair with the
support arm. Weighed the chair and base for the scale previously and deducted

from their total body mass value.



We measured waist circumference at the supine position and the umbilical scar
point. We used a flexible anthropometric metric Trena (Sanny TR4010), with an
accuracy of 0.1cm for this measurement. We measured at the end of expiration

without compression of the measuring tape'®.

We measured the right and left arms circumferences with the individual sitting
in the wheelchair or not, with the arms lost next to the body and the hands
facing the thigh. And we made all measurements with the same flexible,

inelastic tape (Levolpe)<°.

To determine the body mass index of the participants in this study, we used the
method recommended by the World Health Organization and those
recommended by Rajan et al. (2008) and Laughton et al. (2009), is estimated,
dividing the mass of an individual (in kg) by his height (in m 2) 2122

BIOCHEMICAL EVALUATION

We used sterile and disposable materials to perform venous blood samples (8 ml)
fasting from 10 to 12 hours. The samples were properly packed and transported to
the analysis site 23, the clinical biochemistry laboratory of the Pharmacy
Department of UFMA. Where all the recommendations of the priest touch
interteck semi-automatic biochemistry analyzer and the kits (Bioclin) used to
evaluate, Fasting glycemia (mg/dl) were followed; Uric acid (mg/dl), total
cholesterol (CT) (mg/dl); triglycerides (TG) (mg/dl); LDL cholesterol (mg/dl) and
HDL cholesterol (mg/dl).

MEASUREMENT OF BLOOD PRESSURE

Two automated blood pressure monitors were used (Omron® HEM-711 and
Omron® 905) for blood pressure measurement. The protocol followed the norms
of the Brazilian Hypertension Guideline 24, An optimal cuff size was used

according to the arm size of the participants %“.

PITTSBURGH SLEEP QUALITY INDEX (PSQI)



Sleep quality and sleep disorders were evaluated using the Pittsburgh Sleep
Quality Index (PSQI) as initially defined by Buysse >2°. The PSQI uses seven
components: (a) subjective quality of sleep, (b) sleep latency, (c) duration of sleep,
(d) habitual sleep efficiency, (e) sleep disorders, (f) use of medication to sleep, and
(g) daytime sleepiness and disorders during the day. The score for each
component was determined separately, on a scale of O to 21 points, where the
higher the value of the score obtained, the worse is the quality of sleep. Score
values between 0 and 4 represent good sleep quality, those between 5 and 10
represent poor sleep quality, and those greater than 11 indicate sleep disorders.
PSQI score cut-point of 2 5 was used to differentiate high and low-risk groups for

future cardiovascular events.

INJURY LEVEL

We used the American Spinal Injury Association (ASIA) impairment scale to
assess the levels of injury and disability of wheelchair users 2°. We classified all

participants as A on the ASIA scale.

ASSESSMENT OF THE HEART RATE VARIABILITY

The heart rate signal was obtained using a 12-lead electrocardiogram device
(Micromed Wincardio 1000 Hz, Brasilia, DF, Brazil) and recorded using WinCardio
6.1.1. For this evaluation, the students were instructed to remain at rest in the
supine position for 10 min. We follow the recommendations of the Task Force of
the European Society of Cardiology and the North American Society of Pacing
and Electrophysiology for the analysis of HRV (40). The study of the HRV in the
time domain expresses the results in unit time (milliseconds), measuring each
average RR interval (sinus beats) during a specific time interval. Thus, based on
statistical methods, the translator indices were calculated of fluctuations in the

duration of cardiac cycles.

The indices were evaluated using the Kubios Analysis software HRV version 2.0
(Kubios, Finland). The ectopic beats (deviation higher than 20% of the adjacent
intervals) were identified and manually interpolated by the adjacent R-R

intervals. In the frequency domain, Fast Fourier Transform modeling was derived



from all the data in a minimum 5-min window from the recorded signal. The
total signal variance includes whether its frequency components appear as
specific spectral peaks or nonpeak broadband powers. The frequency bands
used low-frequency (LF, 0.04-0.15Hz), high-frequency (HF, 0.15- 0.4 Hz), and
autonomic balance (LF/HF), a component proposed as a measure of cardiac

sympathovagal %7.

STATISTICAL ANALYSIS

The Chi-square test was used to analyze the association of injury level and group
states. It was performed using GraphPad Prism 5.0 (La Jolla, CA, USA). The
Kolmogorov- Smirnov test was used to verify the normality of distribution. The
data were also treated by descriptive statistics. For comparisons between groups,
the one-way ANOVA test with Tukey’s post hoc test for independent samples, or
its nonparametric equivalent, Mann-Whitney U-test. Results were considered

statistically significant at an alpha level of P<0.05.

RESULTS

Table 1shows the level of injury and the ASIA classification of wheelchair users.
No significant changes were found between the groups, using the chi-square

test.

Table 1: Injury Level and ASIA Classification in WC, WCB, and WCBS Groups



Injury level ASIA Classification ' WC(15) WCB(13) WCBS(11) P
T4 A _ 1 -
T5 A ; 1 ;
T6 A 1 ; 2
T7 A 1 1
TS A 2 2 2
0.68
T9 A 4 3 3
T10 A ; ;
T11 A ; ;
T12 A ; ; 1

|2= Chi-square test among WC= wheelchair control; WCB= wheelchair basketball and

W

CBS= wheelchair basketball + strength training.

Table 2: Sample characterization

C(11) WC (15) WCB (13) WCBS (11)
Age (Years) 31.82=9.87 40.0£12.0 35.0+9.64 36.3+10.66
SBP (mmHg) 114.9=6.32 140.0=25% 130.27=132 12273=11.16%
DBP (mmHg) 76.27=7.58 75.86=218.88 7501094 10.63=1047
HR bpm) 79.64=0.13 86.43=1834 74.27=1451 76.88=8.30
PsQI 327185 6.00+2.38* §.64+3.23% 4.75£1.58
STATURE (cm) 173.00=524 16838=1322  1§9.20=431 143.75=1451
WEIGHT (Kg) 7644=6.77  T71.13=18.36 69.16=8.42 68.03=14.51
BMI (kg/cm?) 24.78=2.46 24.54=3 48 22.74=3.60 25.50=4.44
% Fat 16.16=3.59 22.68=06.59* 18.49=1.90 22 80=6.80 *
WC (cm) 85.14=1035  BE.V1=13.28 85.64=12.92 89.69=11.85
Right Arm (cm) 3554500 30,43=7.49 32455334 3231359
Left Arm (cm) 35332542 30.71=8.20 32.73£2.82 3141348

*p=0.05 vs. C; #p=<0.05 vs WC; Sp=0.05 vs WCB; C= Control; WC= wheelchair
control; WCB= wheelchair basketball ball; WCBS= wheelchair basketball + strength

training; WC= waist circumference; BMI= body mass index; SBP, systolic blood

pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; HR, heart rate;

Among the characteristic data (table 2), it was possible to identify changes when
analyzed group C with the WC and WCBS groups. They are indicating an
increase in the %fat variable in these two last groups. The sleep variable was
increased in two groups when compared to group C, as well as, SBP was also

increased in the WC group when compared to group C.



Still, on the SBP variable, it was possible to identify a decrease in the WCBS
compared to the WC group. In addition to the WCBS group, it presented a better
quality of sleep when compared to the WC group. The other variables did not

show statistically significant changes.

Figure 1: The research groups indicate blood glucose, triglycerides, uric acid,

cholesterol, LDL, and HDL
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#p=0.05 vs. C; #p=0.05 vs WC; $p=0.05 vs WCB; C= Control; WC= wheelchair control;
WCEB= wheelchair basketball ball; WCB 5= wheelchair basketball + strength training;
BG: blood glucose; TG: triglycerides.

Figure 1 shows that the WC and WCB have higher blood glucose levels, TGL, uric
acid, and lower HDL than C. However, the WCBS has lower blood glucose levels,
higher HDL, and lower uric acid concentrations compared to the WC.
Additionally, the WCBS group also presents lower blood glucose and uric acid
compared to the WCB group. The variables cholesterol and LDL did not show
significant alterations in any of the groups. Group C shows an expected behavior

of a healthy individual in each of the variables.

Figure 2 : Comparison of the Values Obtained in heart rate variability evaluated
in the domain of time and frequency between Groups C= Control; WC=
wheelchair control; WCB= wheelchair basketball ball and WCBS= wheelchair

basketball ball + strength training



HF%)

*p<0.05 vs. C; #p=0.05 vs WC; $p=0.05 vs WCB; C= Control; WC= wheelchair control;
WCB= wheelchair basketball ball; WCBS= wheelchair basketball + strength training;
HEV= heart rate wvariability; LF= low-frequency spectrum; HF= high-frequency
spectrum; LF/HF= sympathovagal balance.

In Figure 1. The WC group presents a worse picture related to autonomic
variables when compared to the other groups, which was evidenced by the
increase in LF(%), LF/HF, and a fall in HF (%). However, the WCB group presented
higher HF (ms2), HF (%), lower LF (%), LF/HF when compared to the WC group
and did not present significant changes in the variables LF (ms?) and HRV (ms?).
The WCBS group has lower LF, higher HF (ms?), HF (%), and HRV when compared
to toilets. In addition to a better LF/HF.

DISCUSSION

This study evaluated the adaptations promoted by resistance training in
wheelchair users with spinal cord injury, basketball practitioners in autonomic
modulation, and metabolic parameters. Several pieces of evidence in the
literature demonstrate that wheelchair users with spinal cord injury present an
imbalance in the autonomic balance 428, These data indicate that basketball
practice and strength exercise combined with basketball practice can positively
affect autonomic modulation. On the other hand, our results suggest a better
HRV behavior both in the WCB group and in the WCBS group to the WC. Fact

not yet, not shown in the literature to the point where it was researched.



The improvement of HRV in the WCB, when compared to a WC, corroborates
what was observed in the study Gomes et al. 2018, which identified
improvements in HRV, HF, LF/HF, and lower LF components of autonomic
modulation in basketball-practicing wheelchair users; these indicators represent
the overall spectrum behavior 22. Aerobic exercise can lead to this type of
response, caused by improved cardiopulmonary capacity due to moderate or
high intensity, which leads to changes in autonomic modulation shown by the
research participants >392 A fact is also observed in healthy individuals who
demonstrate improved autonomic function after regular exercise . In addition,
respiratory frequency and volume is the primary mechanism that influences the
modulation of sinoatrial node activity, which has repercussions on rapid

fluctuations in the HF range of HRV 32,

Additionally, strength training seems to affect the health of patients with spinal
cord injury positively. Studies conducted with wheelchair athletes >3 have
reported benefits of physical exercise, such as increased muscle strength,
exercise performance of the upper limbs, and improved quality of life >*. The
literature demonstrates that an acute resistance training session can significantly

impact cardiac autonomic modulation 3°.

Resistance training probably positively affects HRV in individuals with cardiac
autonomic dysfunction. Chen et al. (2011) report a significant decrease in HF
potency and a significant increase in relative LF potency after a resistance
exercise session using four different exercises in healthy young men. This result
makes these improvements evidenced in the present study because the
literature has already demonstrated that patients with spinal cord injury have
reduced heart rate variability 2%°. This autonomic imbalance leads to an increase
in cardiovascular risk . Although the effects of resistance training on HRV in
healthy individuals have been well documented, the impact of resistance

training on modulation autonomy in special populations is less known.

Still, in this context, it is commmonly accepted that a lower HRV is associated with
a higher cardiovascular risk and mortality in healthy individuals 7. And

cardiovascular diseases represent one of the leading causes of morbidity and



mortality after spinal cord injury 8. They indicate the importance of

improvements in risk indicators for wheelchair users.

In the present study, it was possible to observe that systolic blood pressure (SBP)
in the WCBS group presented better values when compared to the WC group,
thus decreasing one of the cardiovascular risk factors for wheelchair users. It is
well known that regular exercise at moderate and high intensity can lead to
decreased resting BP?83° They corroborated the study by Haddad, silva, Barreto,
and Ferraretto 1997 and Castro et al. 20204941 which showed a decrease in SBP in
wheelchair users practicing physical activities upper-limbs training programs
and basketball practice, respectively. In other studies, it was possible to indicate
that regular physical exercise may decrease resting BP in people with paraplegia

(LM at T1 or below) 4243

Furthermore, improvements in sleep quality in the WCBS group were evident.
This improvement found in the present study indicates a decrease in
cardiovascular risks for the WCBS group since it is demonstrated in the literature
that poor sleep quality contributes to cardiac autonomic dysfunction in this

population, with an increase in cases of nocturnal dyspnea .

The intensity of physical exercise may also interfere with sleep quality. The study
by Albu et al. 2019, by regression analysis, reported that more intense physical
activity help improves sleep quality 4°, which contributes to reducing such
cardiovascular risks. In the WC and WCB groups, it was possible to identify that

they had worse sleep quality than the other groups, which may be justified by
the lack of training in the WC group or by a lower training intensity in the WCB

group.

The present study also presented a higher percentage of fat in the WC and
WCBS group participants than group C, corroborating the study by Eskici and
Ersoy 2016 and Quintana and Neiva 20084%%7 The increase in adipose tissue has
been associated with impaired metabolism of carbohydrates and lipids in people
with spinal cord injury (SCI) “8. Another important fact is that disabling

conditions such as overweight and obesity are identified “°.



According to the study by Andrew et al. 2013 9, it was possible to identify the
adiposity index, lean body mass, physical activity with heart rate variability, and
cardiac vagal control markers. They are associated as indicators that show that
increased physical activity, low visceral fat concentration, and higher lean mass
indicate more significant heart rate variability and, therefore, better cardiac

function and cardiac performance and lower cardiovascular risk.

In addition, it is essential to draw attention to the lipid glucose and profile of
participants where it was possible to observe lower blood glucose values and
higher HDL values only in the WCBS group. Regarding glycemia, the WCBS
group presented a lower value when compared to the WC and WCB groups.
Some studies show decreased blood glucose in disabled people who practice
adapted sports and reduced CVD risk °"°2. These corroborating other studies
observed a positive relationship of improvement in lipidogram and physical
activity in wheelchair users 404753 This improvement could be associated with

higher expression of GLUt4 and improved insulin resistance °°.

Another marker that was possible to find decreased values in the WCBS was uric
acid (AU), which is closely correlated with almost all known cardiovascular risk
factors °°, insulin resistance °7, metabolic syndrome =8, obesity >2, non-alcoholic
fatty liver disease ®© and chronic kidney disease ©'. In many cases, there is a
mutual relationship between the AU and these conditions. In this sense, a high
uric acid level can be seen as a marker of cardiovascular risk because uric acid is
a product of xanthine oxidase (XO), responsible for most reactive oxygen species
production (ROS) in the body. The elevated level of AU may be a marker or

consequence of regulated or increased ERO activity and increased oxidative

stress. ERO is related to CVD ©2

The results of the present study are significant because they corroborate the
findings of Trapé et al. 2013 ©3 and indicate the value of sports practice, especially
those combined for the control of these measures, thus decreasing
cardiovascular risks for both healthy people and in SCI fact not yet demonstrated

in the literature to date. We believe that our results point to a favorable



contribution of resistance training in metabolic, hemodynamic, and autonomic

parameters in basketball players.

CONCLUSION

Basketball practice associated with resistance training may improve

hemodynamic, metabolic, and autonomic cardiac parameters.
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