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Stroke survivors are at substantial risk of recurrent cerebrovascular event or cardiovascular disease. Exercise training offers
nonpharmacological treatment for these subjects; however, the execution of the traditional exercise protocols and adherence is
constantly pointed out as obstacles. Based on these premises, the present study investigated the impact of an 8-week dynamic
resistance training protocol with elastic bands on functional, hemodynamic, and cardiac autonomic modulation, oxidative stress
markers, and plasma nitrite concentration in stroke survivors. Twenty-two patients with stroke were randomized into control
group (CG, n=11) or training group (TG, n=11). Cardiac autonomic modulation, oxidative stress markers, plasma nitrite
concentration, physical function and hemodynamic parameters were evaluated before and after 8 weeks. Results indicated that
functional parameters (standing up from the sitting position (P=0.011) and timed up and go (P =0.042)) were significantly
improved in TG. Although not statistically different, both systolic blood pressure (A=-10.41 mmHg) and diastolic blood
pressure (A=-8.16 mmHg) were reduced in TG when compared to CG. Additionally, cardiac autonomic modulation
(sympathovagal balance-LF/HF ratio) and superoxide dismutase were improved, while thiobarbituric acid reactive substances
and carbonyl levels were reduced in TG when compared to the CG subjects. In conclusion, our findings support the hypothesis
that dynamic resistance training with elastic bands may improve physical function, hemodynamic parameters, autonomic
modulation, and oxidative stress markers in stroke survivors. These positive changes would be associated with a reduced risk of
a recurrent stroke or cardiac event in these subjects.

1. Introduction

Stroke, a neurological disease commonly caused in response
to abnormal blood perfusion of the brain tissue, is the leading
cause of permanent disability worldwide [1]. Neuromuscular
impairments, such as muscle loss, dynapenia, and reduced

muscle power are commonly observed in patients with stroke
and represent a crucial risk factor for the development of lim-
ited physical function, disability, and poor prognosis [2-4].
In addition to the neuromuscular alterations, marked
oxidative stress, impairment in blood pressure control mech-
anisms (e.g., baroreflex sensitivity), and severe autonomic
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dysfunction, characterized by an elevated sympathetic activ-
ity, combined with a reduced or unchanged parasympa-
thetic activity [5-7] might also been observed in stroke
survivors and collaborated to genesis of cardiovascular com-
plications (e.g., hypertension and myocardial infarction) in
this population [8].

On the other hand, the practice of physical exercise
has been considered an effective nonpharmacological strat-
egy for poststroke individuals, since it mitigates physical,
neurological, and cardiovascular sequelae. Indeed, prior
studies have found improved cardiovascular health and
physical function in stroke survivors after exercise training
protocols [9, 10].

Nevertheless, researchers have argued that resistance
training (RT), a type of physical exercise in which muscle
contractions occur against a predetermined load [11], should
receive priority attention in rehabilitation protocols for
stroke survivors to maximize gains in mobility and indepen-
dence [12]. A recent review of our group [12] indicated that
the benefits of RT in stroke survivors go beyond the neuro-
muscular system and may include improvements in anxiety
levels and quality of life.

However, most studies investigated RT protocols and
stroke were based on exercise and isokinetic machines, limit-
ing their external validity [12, 13]. Besides that, evidence for
the effects of RT on cardiac autonomic modulation and
oxidative stress markers in stroke survivors are still scarce.

Based on these premises, the present study investigated
the impact of an 8-week dynamic RT protocol with elastic
bands on the physical function, hemodynamic parameters,
cardiac autonomic modulation, oxidative stress markers,
and plasma nitrite concentration in stroke survivors. We
hypothesized that all these parameters may be improved in
response to our protocol of dynamic RT.

2. Materials and Methods

2.1. Experimental Design. This is an interventional, con-
trolled, randomized study conducted upon approval by the
Sao Judas Tadeu University Ethical Committee (Sdo Paulo,
SP, Brazil) (CAAE: 64859916.0.0000.0089). The study was
conducted according to the Declaration of Helsinki and reg-
istered in the Brazilian database of clinical trials (Register ID:
U1111-1202-8242; 26/09/2017).

2.2. Participants. Participants were recruited by convenience
from the rehabilitation center of the Albert Sabin Municipal
Physiotherapy Center located in Pod, Brazil. Prior to recruit-
ment, volunteers of the present study were participating of a
physical activity program, which aimed to restore social life
and increase individual’s levels of physical movement. The
program was offered to those patients who have finished
the neurological poststroke rehabilitation program but stayed
at home for a long time and were not able to reestablish the
same performance of activities of daily living (ADL) and
social life that they had prior stroke. Motivational and reli-
gious dialogues were proposed at the beginning and end of
each session. Physical movements aimed to stimulate body
movement were performed with the individual’s sitting in a
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chair for 25-30 minutes without external load. Movements
included put arms and legs up, down, forward, and back-
ward, rotate the trunk to the right and left sides, and move
the trunk forward and backward. Individuals who did not
want or could not perform the exercises were not discour-
aged from attending the sessions and were common to
observe that some of them went to the sessions to talk to
other people. Most individuals were from low-income fami-
lies and were taken to the rehabilitation center by a minibus
offered by the city hall. Sessions occurred twice a week for
40-50 minutes under the supervision of a physical educator.
A washout period of 4 weeks separated was concluded prior
to baseline evaluations.

Subjects were eligible to take part of the present study if
they: (a) aged 45-75 years; (b) were able to walk with or with-
out a walking aid; (c) were independent to perform basic
activities of daily living, according to Barthel index [14]; (d)
had a clinical diagnosis of stroke confirmed by computed
tomography or magnetic resonance imaging at least 6
months prior to enrollment; (e) lived in the community;
and (f) completed a standard neurological poststroke reha-
bilitation program. Candidate participants were excluded if
they were not able to sign the informed consent form, had
history of smoking or alcohol abuse in the last 6 months,
had history of uncontrolled hypertension and/or diabetes
mellitus according to medical records, used beta blockers,
showed disabling pain during exercise, were incapable to
perform exercise sessions and/or any of the evaluations
(self-reported), and not attended at least 90% of training ses-
sions. Participants had not been engaged in regular exercise
training programs during the previous 6 months, according
to the Baecke Habitual Physical Activity Questionnaire
[15], and no changes in dose and drug classes were registered
during the protocol.

Twenty-seven stroke patients were enrolled in this study
and five subjects were excluded. Twenty-two consenting
patients were randomized 1:1 into the control group
(CG, n=11) and trained group (TG, n=11) (Figure 1).

2.3. Resistance Training (RT) Intervention. The dynamic RT
protocol was performed two times per week over an 8-week
period with a 48 h rest interval provided between each exer-
cise session. Resistance exercises were performed using elas-
tic bands [16] (Thera Band®, Ohio, USA) and ankle wrist
weights. The physical exercises were performed in the follow-
ing order: (1%) seated row, (27 squat on the chair, (3") ver-
tical chest press, and (4™) knee extension (Figure 2). Physical
exercises were adapted due to the limitations caused by the
paretic limb in the range of motion (ROM). To seated row,
the paretic hand was anchored in the wrist of the nonparetic
hand, while the elastic band was positioned between the palm
of the paretic hand, the palm of the nonparetic hand, and the
wrist. To chest press, the elastic band was anchored in the
paretic side, and the abduction of the shoulder was per-
formed according to ROM limitations. No specific changes
were performed in squat on the chair exercise. The nonpare-
tic limb executed the exercises across the full ROM.

The dynamic resistance training protocol consisted of
a sequence of 3 combinations of 2 consecutive exercises
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FIGURE 1: CONSORT flow diagram.

(i.e., seated row and squat on the chair, vertical chest press
and squat on the chair, knee extension and squat on the
chair) in a dynamic manner, without intervals of absolute
rest throughout the session. The concentric contractions
were performed as fast as possible, while the eccentric con-
tractions were performed within 3s. The exercise volume
was increased over the 8-week protocol, so that 3 sets of 6-8
repetitions at moderate intensity (3 to 5 points on adapted
Borg Scale of 1-10 [17]) were performed in the first 4 weeks
and 3 sets of 10-12 repetitions at moderate intensity were
performed in subsequent weeks.

The exercise intensity was controlled according to the
tension of elastic bands based on the rate of perceived exer-
tion (RPE) method [17]. According to a study by Colado
and Triplett [18], the combination of target repetitions with
a subjective effort scale may be considered a valid strategy
to control the intensity when RT is performed with elastic
bands. The RPE was reported after the end of each set of
exercise and, if the participant reported an RPE below the

expectations (low intensity), the tension of the elastic band
was increased (moderate intensity).

All patients were performed neurological physical ther-
apy treatment two times per week in addition to the 8-week
RT program.

2.4. Control Group (CG). Patients in the CG remained per-
formed two sessions per week over 8 weeks of a neurological
physical therapy program, which consisted of physical move-
ments that mimic basic and instrumental ADL, postural
changes, and gait exercises on parallel bars.

2.5. Evaluations

2.5.1. Functional Parameters. A researcher detailed the oper-
ational procedures, demonstrated the test, and evaluated the
motor pattern of participants during each physical perfor-
mance test. All participants performed a familiarization trial
to ensure that they had understood the test. All tests were
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FIGURE 2: Representation of resistance training protocol execution.

performed in triplicate, and the mean result was used in the
final analysis. A 1 min rest was allowed between consecutive
trials. Four physical tests were administered in the following
order: (a) isometric handgrip of paretic and nonparetic limbs
(IHGPL and IHGNPL), (b) 10 m walking test (10MWT), (c)
five-repetition sit-to-stand (5XSTS), and (d) timed “up and
go” (TUG).

2.5.2. Isometric Handgrip of Paretic and Nonparetic Limbs.
Isometric handgrip strength was measured using a Jamar®
handheld hydraulic dynamometer (Sammons Preston,
Bolingbrook, IL, USA). The measure was obtained with the
participant seated in a chair with the shoulders abducted,
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elbows near the trunk and flexed at 90°, and wrists in a
neutral position (thumbs up). The contralateral arm
remained relaxed under the thigh. To determine handgrip
strength, participants performed a maximal contraction dur-
ing 3-5 s with the paretic (IHGPL) and nonparetic IHGNPL)
limbs [19]. The maximum grip strength (kgf) was taken from
the digital display. The test reliability in the present study
was >0.8 (k=0.99).

2.5.3. 10m Walking Speed (I0MWT). Walking speed was
measured over 10m. Participants were required to walk
12m at their fastest possible pace without running. Before
the evaluation, both feet of each participant remained on
the starting line. The time measurement started when a foot
reached the 1 m line and was stopped when a foot reached
the 11m line. The 1 m intervals at the beginning and the
end of the course were used to avoid early acceleration and/or
deceleration [20]. The following formula was used to calcu-
late walking speed:

10
I0OMWT = — . (1)
time to complete the test

The test reliability in the present study was >0.8 (x = 0.98).

2.5.4. 5-Repetition Sit-To-Stand (5XSTS). Participants were
requested to rise from a standard armless chair five times as
quick as possible with arms folded across the chest. The stop-
watch was started when participants raised their buttocks off
the chair and was stopped when participants seated back at
the end of the fifth stand [21]. The test reliability in the
present study was >0.8 (x =0.95).

2.5.5. Timed “Up and Go.” The TUG involved getting up
from a chair (total height: 87 cm; seat height: 45 cm; width:
33 cm), walking three meters around a cone placed on the
floor, coming back to the same position, and sitting back on
the chair. The volunteer wore regular footwear, with the back
against the chair, arms resting on the chair’s arms, and the
feet in contact with the ground. A researcher instructed the
volunteer to, on the word “go,” get up, walk as fast as possible
without compromising safety through the demarcation of
three meters on the ground, turn, return to the chair, and
sit down again. The timing was started when participants
got up from the chair and was stopped when the participants
back touched the backrest of the chair [22, 23]. The test
reliability in the present study was >0.8 (x = 0.95).

2.5.6. Hemodynamic Parameters

(1) Blood Pressure Measurement. Blood pressure (BP) was
measured between 08:00 and 10:00 am according to the
procedures detailed in the 7th Brazilian Arterial Hyperten-
sion Guidelines [24]. Participants were instructed to refrain
from exercising during the previous 48 h and from drinking
caffeinated beverages and/or alcohol 24 h before the evalu-
ation. After remained seated on a comfortable recliner
chair for 15min in a quiet room, an appropriate cuff
was placed at approximately the midpoint of the participant’s
upper left arm. An automatic, noninvasive, calibrated, and
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TaBLE 1: Baseline clinical characteristics of participants.
CG (n=11) TG (n=11) P value

Age (years) 60.5+13.2 66.4 +10.1 0.334
Body mass index (kg/cm?) 26.0+3.2 254+29 0.089
Women (%) 63.6 54.5 0.120
Poststroke duration (years) 4.9+42 6.6+5.0 0.120
Paretic side (left) (%) 90.9 54.5 0.987
Basic functional independence (Barthel Index) 90.0+6.3 87.3+11.9 0.350
Baecke Habitual Physical Activity Questionnaire 3.8+£0.6 32104 0.884
Associated comorbidities (%)

Hypertension 90.9 90.9 1.000

T2DM 54.5 56.4 0.916
Medications (%)

ACE inhibitors 70.3 74.5 0.842

HMG-CoA reductase inhibitor 88.2 85.3 0.859

Diuretics 77.8 75.9 0.898

Acetylsalicylic acid 453 47.8 0.973

Antidiabetics 55.7 58.2 0.948

Data are shown as mean + SD. CG: control group; TG: training group; T2DM: diabetes mellitus type II; ACE: angiotensin-converting enzyme; HMG-CoA:

3-hydroxy-3-methylglutaryl coenzyme A reductase.

validated arterial BP monitor (Microlife-BP 3BT0A, Micro-
life, Widnau, Switzerland) [24] was used to measure systolic
BP (SBP), diastolic BP (DBP), and heart rate (beats per min,
bpm). The double product (DP) was calculated as follows:

DP = SBP x heart rate. (2)

(2) Assessment of Heart Rate Variability (Cardiac Autonomic
Modulation). A Polar V800 heart rate monitor (Polar Electro
Oy, Kempele, Finland) was used to continuously record
beat-to-beat intervals (R-R interval) with the patients in
the supine position [25]. The spectrum resulting from the
fast Fourier transforms modeling was derived from the
highest value in one of the for 5-minute window recorded;
it includes the entire signal variance, regardless of whether
its frequency components appear as specific spectral peaks
or as nonpeak broadband powers. The R-R interval vari-
ability was evaluated in the time and frequency domains.
Spectral power for low (LF: 0.03-0.15Hz) and high (HF:
0.15-0.4Hz) frequency bands was calculated using power
spectrum density integration within each frequency band-
width, using a customized routine (MATLAB 6.0, Natick,
MA, USA). The LF/HF ratio was calculated based on nor-
malized LF and HF. The time domain measurements
included standard deviation of the of normal sinus beats
(SDNN, ms) and root mean square of successive R-R inter-
val differences (RMSSD, ms).

The nonlinear geometric measures have been derived
from the 5-minute Poincaré plot representing a diagram in
which each R-R interval of tachogram is plotted against the
previous R-R interval. The length of the longitudinal line is

defined as the SD2 of the plot data. The length of the
transverse line is defined as the SD1 of the plot data in a
perpendicular direction.

2.5.7. Oxidative Stress Markers. Blood samples were col-
lected by venipuncture in heparinized vacutainers after
12h fasting and immediately centrifuged at 4000 rpm for
5min to separate plasma. Participants were advised to
avoid foods rich in nitrates (e.g., beet, cabbage, spinach,
lettuce) the day before blood collection. Protein concen-
tration was determined according to the method described
by Lowry et al. [26], using bovine albumin solution at a
concentration of 1mg/mL as the standard and 10 uL
samples.

Thiobarbituric acid reactive substances (TBARS), car-
bonyls, NADPH oxidase, hydrogen peroxide (H,0,), super-
oxide dismutase (SOD), and plasma nitrite analyses were
conducted in accordance with Jacomini et al. [27].

2.6. Statistical Analysis. Data distribution and equality of
variance were tested by the Shapiro-Wilk and Levene tests,
respectively. Repeated measures ANOVA (followed by the
Sidak post hoc test) was used to detect differences between
different times of evaluations and treatments. I0MWT (s),
SBP (mmHg), and HF band (ms®) showed irregular distribu-
tion and within- and between-group differences were
analyzed using the Wilcoxon and Mann-Whitney tests,
respectively. Chi-square () statistics were used to compare
categorical variables. Cohen’s ES d was calculated to assess
the magnitude of the results. Delta (A) values were calculated
as follows:

A = Mean post — Mean baseline. (3)
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TaBLE 2: Physical function at baseline and after 10 weeks.

CG (n=11) TG (n=11)

Variables Baseline Post A (ES) Baseline Post A (ES)

IHGPL (kgf) 10.4 £8.9 79+7.7 -2.5(0.3) 13.8 £10.7 13.9+£10.0 0.1 (-0.0)
IHGNPL (kgf) 28.5+13.9 23.7+£10.8 * -4.8 (0.4) 285+7.3 28.1+£8.0 0.4 (0.1)
10MWT (s) 14.5 (10.4-31.5) 13.5 (10.0-32.0) 0.7 (-0.1) 13.8 (10.0-42.4) 10.2 (7.9-22.2)*" 6.4 (0.8)
Sit-to-stand (s) 15.1+2.9 14.4+2.4 0.7 (0.3) 15.7+3.0 11.3+1.7°% 4.4 (1.9)
TUG (s) 222493 220+7.1 -0.2 (0.0) 19.2+8.3 14.145.6"+ -5.1(0.7)

SD: standard deviation of the mean; ES: effect size; CG: control group; TG: training group; IHGPL: isometric handgrip of the paretic limb; IHGNPL: isometric
handgrip of the nonparetic limb; 10MWT: 10-meter walking speed; TUG: timed up and go. Data are shown as mean + SD or median; *P < 0.05 vs. baseline;
T

P <0.05vs. CG.

TaBLE 3: Hemodynamic and autonomic parameters at baseline and after 10 weeks.

Variables Baseline o=t Post A (ES) Baseline o=ty Post A (ES)
Hemodynamics
SBP (mmHg) 133 (94-139) 129 (99-140) 0.3 (-0.0) 130 (94-139) 121 (95-137) -5.6 (0.4)
DBP (mmHg) 79.2+11.9 79.8+10.9 0.6 (-0.1) 72.5+14.4 71.6+12.4 -0.9 (0.1)
HR (bpm) 74.8 + 14.4 76.5+11.2 1.7 (-0.1) 71.5+11.9 65.1+9.5" -6.4 (0.6)
DP (mmHgx bpm)  9938.1 +2226.8  9949.5+1852.6 109 (0)  8890.6+1607.1  7722.0+13752"  -1168.0 (0.8)
Autonomics
Time domain indexes
SDNN (ms) 20.4+8.2 19.4+6.8 -1.0 (0.1) 23.9+7.5 33.3+10.8*F 9.4 (-1.0)
rMSSD (ms) 172499 12.7+52 4.5 (0.6) 16.6+8.3 23.7+11.6*" 7.1 (-0.7)
Nonlinear indexes
SD1 (ms) 122+7.0 9.0+3.7 -3.2(0.6) 11.7+58 16.8 +8.2*" 5.1(-0.7)
SD2 (ms) 25.7+10.5 25.7+9.6 0 (0) 31.3+10.5 43.1+15.9* 11.8 (-0.9)

SD: standard deviation of the mean; ES: effect size; CG: control group; TG: training group; SBP: systolic blood pressure; DBP: diastolic blood pressure; DP:
double product; SDNN: selected standard deviation of normal R-R intervals; rMSSD: square root of the mean squared differences between adjacent normal
R-R intervals, expressed in ms; SD1: short variation of R-R interval; SD2: represents HRV in long-term records. Data are shown as mean + SD or median;

*P < 0.05vs. baseline; 'P < 0.05 vs. CG.

The level of significance was set at alpha = 5% (P < 0.05),
and all analyses were performed using the GraphPad Prism
7.00 (San Diego, CA).

3. Results

Twenty-seven volunteers were recruited and accepted to be
evaluated for eligibility. Three candidates declined to par-
ticipate, while two decided to engage in another exercise
program, leaving a total of 22 stroke survivors who were
randomized into two groups (ie, CG [N=11] or TG
[N =11]). There were no withdrawals from either group
(Figure 1).

The baseline characteristics of the study participants are
shown in Table 1. The mean time since stroke was 5 years.
The mean age of the whole sample was 62.2+10.8 years
and the mean body mass index (BMI) value was 24.8 + 3.0
(kg/m?). The most common pharmacological therapy was
diuretics, followed by statins, angiotensin-converting enzyme
inhibitor (ACEi), and antidiabetic agents, which can be

explained by the high prevalence of hypertension and type
2 diabetes mellitus observed in our sample. No significant
differences were observed among the groups.

3.1. Physical Function. Physical function is shown in Table 2.
No significant differences were observed among the groups
at baseline. After 8 weeks, TG improved 10MWT
(P =0.0001, A =-38.3%,d =—0.8), sit-to-stand (P = 0.0001,
A=-30.6%, d=-1.9), and TUG tests (P=0.0001, A=—
23.0%, d=-0.7). In contrast, a significant reduction in
IHGPL (P=0.017, A=-24.0%, d=-0.3) and THGNPL
(P=0.016, A=-16.8%, d=-0.4) was observed in the
CG. Between-group comparisons indicated better TUG
(P=0.042, A=-282%; d=-1.2) and sit-to-stand
(P=0.011, A=-29.1%, d=-1.5) performances in TG
when compared to CG. A larger ES classification was
attributed to changes on 10MWT in TG in comparison
to CG (d=-0.9).

3.2. Hemodynamic Parameters. Hemodynamic parameters
are shown in Table 3. No significant differences were
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observed among the groups at baseline. SBP and DBP
remained unchanged in both TG and CG over the experi-
mental period. In contrast, heart rate (P =0.047, A=-11.5,
d=-0.6) and DP (P=0.011, A=-13.1%, d=-1.4) were
significantly reduced in TG in comparison with CG after 8
weeks (P=0.047, A=-11.5, d =-0.6).

3.3. Cardiac Autonomic Modulation. Cardiac autonomic
modulation parameters are shown in Table 3 and Figure 3.
No significant differences were observed among the groups

at baseline. SDNN (P =0.0001, A =39.3%, d = 1.0), rMSSD
(P=0.014, A=30%, d=0.70), SD1 (P=0.014, A=30.4%,
d=0.71), SD2 (P=0.002, A=27.3%, d=0.87), LF band
in ms? (Figure 3(a), no difference was observed), LF band
in nu (Figure 3(b)) (P=0.004, A=-29.9%, d =-1.5), HF
band in ms? (Figure 3(c), no difference was observed), HF
in nu (Figure 3(d)) (P=0.003, A=57.0%, d=1.5), and
LF/HF ratio (Figure 3(e)) (P =0.004, A=-1.56%, d =—1.5)
were improved in response to exercise when compared to
baseline values and CG. On the other hand, elevated LF
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same moment.

(nu) (P=0.006, A=36.7%, d=1.5) and reduced HF (nu)
(P=0.006, A=-42.6%, d=-1.5) were observed in CG in
comparison to baseline.

3.4. Oxidative Stress Markers. Oxidative stress markers are
shown in Figures 4 and 5. No significant differences were
observed among the groups at baseline. TG improved
TBARS (Figure 4(a); P =0.0428), carbonyls (Figure 4(b);
P <0.0001), and SOD (Figure 5(a); P = 0.0001) levels in com-
parison to baseline and CG. CAT (Figure 5(b); P=0.3219)
and nitrite (Figure 5(c); P = 0.5662) levels were unchanged
over the experimental period.

4. Discussion

The main findings of the present study indicate that 8-week
dynamic resistance training protocol with elastic bands
improved physical function, hemodynamic parameters,
autonomic modulation, and oxidative markers in stroke
patients. In contrast, a significant reduction in upper-limb
muscle strength (i.e,, IHGPL and THGNPL) was observed
in CG.

Although many studies [28-30] have investigated the
effects of RT on the physical of stroke survivors, results are
still not conclusive. Supporting our findings, Hill et al. [30]
observed significative improvements in the gait ability and

TUG performance of stroke patients after a lower-limb
high-intensity RT protocol. On the other hand, no RT effects
in gait velocity were reported in other protocols [28, 29, 31].

A possible explanation for the differences among the
studies may that concentric contractions in the present study
were performed as fast as possible, given that many aspects of
the physical function seem to be more closely associated with
muscle power than muscle strength [32] and greater gains in
physical performance have been observed after power train-
ing in comparison to traditional RT [32-34].

These findings have important clinical and public health
implications since better physical performance in patients
with stroke is associated with a higher likelihood of social
integration, independence to perform ADL, and better
quality of life [35-37]. Besides that, stroke survivors with
poor physical function are more likely to experience a
recurrent stroke and die in a short-term interval after the
first event in comparison with those with proper physical
function [38, 39].

Another significant finding of the present study is
regarding the importance of upper-limb resistance exercises
to stroke survivors since IHGPL and IHGNPL were signif-
icantly reduced in CG, while it remained unchanged in
TG. THG has been used as an essential measurement of
muscle strength, and it is well-accepted as part of the
assessment of sarcopenia [40, 41]. Nevertheless, IHG is
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strongly associated with upper-limb muscle strength in
stroke, and it has a critical role in the physical performance
of this population [3, 38].

No significant differences in SBP (A=-10.41 mmHg)
and DBP (A=-8.16mmHg) were observed between TG
and CG after 8 weeks. These findings are supported by prior
studies that observed reduced blood pressures in hyperten-
sive people after exercise training [42-44] and indicate that
our exercise protocol may be associated with a significant
reduction in cardiovascular and restroke risk [42, 45].

A recent meta-analysis of 12 studies evaluated the
effects of aerobic exercises on blood pressure values of
stroke survivors and found reductions of 4.3 mmHg and
2.5mmHg in SBP and DBP, respectively, after the interven-
tion [43]. Similarly, most randomized clinical trials investi-
gating pharmacological therapy showed blood reductions of
approximately 5mmHg for SBP and 4mmHg for DBP
[39, 45]. Therefore, RT effects on blood pressure of stroke
survivors are favorably similar or even more substantial
than the impact of aerobic exercise and pharmacological
therapy, suggesting that RT may be an essential tool in
the management of blood pressure and cardiovascular risk
in patients with stroke [42-44].

Cardiac autonomic modulation and oxidative stress
markers were investigated as two possible mechanisms
associated with blood pressure lowering in response to

RT. Our findings suggest that RT improved vagal modulation
(i.e., tMSSD, SD1, SD2, HF) and sympathovagal balance
(i.e., LF/HF ratio).

Notably, changes in cardiac autonomic modulation
are not commonly observed in response to RT protocol
[44, 46, 47], while substantial evidence have reported this
phenomenon after aerobic training [47, 48]. A hypothesis
that may account for our findings lies in the dynamic charac-
teristic of our RT protocol, in which absolute rest intervals
between sets and exercises were not provided, so that the car-
diovascular and neuromuscular systems were stimulated
simultaneously throughout each session [49]. In this context,
our RT protocol had an aerobic component able to improve
cardiac autonomic modulation, as usually occurs with the
practice of aerobic training [47, 48].

Although exercise may acutely increase reactive oxygen
species, a compensatory mechanism seems to occur after
chronic exercise training, in which exercise training upregula-
testhe amount and efficiency of antioxidant enzymes [48].
Findings of the present study support this hypothesis by
observing increased SOD levels and reduced TBARS and
carbonyls levels after RT.

There are some limitations in the present study which
should be addressed by future investigations to confirm and
expand our findings, as the short period of intervention and
the absence of muscle strength assessments of all trained
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muscle groups. Our sample size is also a limitation of our
study since a post hoc sample size calculation estimated that
about 14 participants in each group would be needed to
detect improvements in physical function, hemodynamic
parameters, and oxidative markers considering within- and
between-group comparisons, with 80% power at the 5% sig-
nificance level. Finally, unexpected changes on upper-limb
muscle strength (i.e., IHGPL and IHGNPL) and autonomic
modulation (i.e., RMSSD and SD1) were observed in CG.
Although pain (Terwee et al., 2006), white matter lesions
(Zerna et al., 2018), or even the presence of other comorbid-
ities may explain the substantial declines in IHGPL and
IHGNPL, as well as psychosocial stress may impact cardiac
modulation (Lucini et al., 2005), future studies are still
needed to confirm our findings.

5. Conclusions

Our findings indicate that an 8-week dynamic resistance
training protocol with elastic bands improved physical func-
tion, hemodynamic parameters, autonomic modulation, and
oxidative stress markers in chronic ischemic stroke survivors.

Data Availability

The data used in this study is available from the correspond-
ing author upon request.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Authors’ Contributions

Bruno Bavaresco Gambassi and Hélio José Coelho-Junior
contributed equally to this work.

Acknowledgments

Bruno Bavaresco Gambassi and Hélio José Coelho-Junior are
grateful to the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq) and Coordenagio de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES) for
their scholarships. Bruno Rodrigues received financial sup-
port from Fundagdo de Amparo a Pesquisa do Estado de
Sao Paulo (FAPESP; processo n. #2017/21320-4). Katia De
Angelis and Bruno Rodrigues received financial support
from CNPq-BPQ.

References

[1] E. J. Benjamin, S. S. Virani, C. W. Callaway et al., “Heart
disease and stroke statistics—2018 update: a report from the
American Heart Association,” Circulation, vol. 137, no. 12,
pp. €67-492, 2018.

[2] C. English, H. McLennan, K. Thoirs, A. Coates, and
J. Bernhardt, “Loss of skeletal muscle mass after stroke: a
systematic review,” International Journal of Stroke, vol. 5,
no. 5, pp. 395-402, 2010.

Oxidative Medicine and Cellular Longevity

[3] H.J. Coelho Junior, B. B. Gambassi, T. A. Diniz et al., “Inflam-
matory mechanisms associated with skeletal muscle sequelae
after stroke: role of physical exercise,” Mediators of Inflamma-
tion, vol. 2016, Article ID 3957958, 19 pages, 2016.

[4] M. T. Farzadfard, M. S. Sheikh Andalibi, A. G. Thrift et al.,
“Long-term disability after stroke in Iran: evidence from the
Mashhad Stroke Incidence Study,” International Journal of
Stroke, vol. 14, no. 1, pp. 44-47, 2019.

[5] S. E. Khoshnam, W. Winlow, M. Farzaneh, Y. Farbood, and
H. F. Moghaddam, “Pathogenic mechanisms following
ischemic stroke,” Neurological Sciences, vol. 38, no. 7,
pp. 1167-1186, 2017.

[6] T. Lees, F. Shad-Kaneez, A. M. Simpson, N. T. Nassif, Y. Lin,
and S. Lal, “Heart rate variability as a biomarker for predicting
stroke, post-stroke complications and functionality,” Bio-
marker Insights, vol. 13, article 117727191878693, 2018.

[7] J. V. F. Grilletti, K. B. Scapini, N. Bernardes et al., “Impaired
baroreflex sensitivity and increased systolic blood pressure
variability in chronic post-ischemic stroke,” Clinics, vol. 73,
article €253, 2018.

[8] J. F. Scheitz, C. H. Nolte, W. Doehner, V. Hachinski, and
M. Endres, “Stroke-heart syndrome: clinical presentation and
underlying mechanisms,” The Lancet Neurology, vol. 17,
no. 12, pp. 1109-1120, 2018.

[9] M.Y.Pang,].]. Eng, A.S. Dawson, and S. Gylfadéttir, “The use
of aerobic exercise training in improving aerobic capacity in
individuals with stroke: a meta-analysis,” Clinical Rehabilita-
tion, vol. 20, no. 2, pp. 97-111, 2006.

[10] S. Mehta, S. Pereira, R. Viana et al., “Resistance training for
gait speed and total distance walked during the chronic stage
of stroke: a meta-analysis,” Topics in Stroke Rehabilitation,
vol. 19, no. 6, pp- 471-478, 2012.

[11] W. Kraemer, Sports NR-M and science in, 2004 undefined.
Fundamentals of resistance training: progression and exercise
prescriptionAugust 2018, http://www.exercicescorriges.com/i_
348104.pdf.

[12] B. B. Gambassi, H. J. Coelho-Junior, P. A. Schwingel et al.,
“Resistance training and stroke: a critical analysis of differ-
ent training programs,” Stroke Research and Treatment,
vol. 2017, Article ID 4830265, 11 pages, 2017.

[13] G. Hendrey, A. E. Holland, B. F. Mentiplay, R. A. Clark, and
G. Williams, “Do trials of resistance training to improve
mobility after stroke adhere to the American College of Sports
Medicine guidelines? A systematic review,” Archives of Physi-
cal Medicine and Rehabilitation, vol. 99, no. 3, pp. 584-597,
2018.

[14] S. Shah, F. Vanclay, and B. Cooper, “Improving the sensitivity
of the Barthel Index for stroke rehabilitation,” Journal of
Clinical Epidemiology, vol. 42, no. 8, pp. 703-709, 1989.

[15] J. A. Baecke, J. Burema, and J. E. Frijters, “A short question-
naire for the measurement of habitual physical activity in
epidemiological studies,” The American Journal of Clinical
Nutrition, vol. 36, no. 5, pp. 936-942, 1982.

[16] B. Bavaresco Gambassi, M. D. Lopes dos Santos, and F. J.
Furtado Almeida, “Basic guide for the application of the
main variables of resistance training in elderly,” Aging Clin-
ical and Experimental Research, vol. 31, no. 7, pp. 1019-
1020, 2019.

[17] C. Foster, J. A. Florhaug, J. Franklin et al., “A new approach
to monitoring exercise training,” Journal of Strength and
Conditioning Research, vol. 15, no. 1, pp. 109-115, 2001.


http://www.exercicescorriges.com/i_348104.pdf
http://www.exercicescorriges.com/i_348104.pdf

Oxidative Medicine and Cellular Longevity

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(29]

(30]

(31]

Colado J and NT-TJ of S&, 2008 U, Effects of a short-term resis-
tance program using elastic bands versus weight machines for
sedentary middle-aged womenAugust 2018, https://journals
Jww.com/nsca-jscr/Fulltext/2008/09000/Effects_of a_Short_
Term_Resistance_Program_Using.9.aspx.

H. Coelho Junior, M. Uchida, I. O. Goncalves et al., “Age- and
gender-related changes in physical function in community-
dwelling Brazilian adults aged 50-102 years,” Journal of Geriat-
ric Physical Therapy, 2019, No prelo.

H. J. Coelho Junior, B. Rodrigues, S. S. Aguiar et al., “Hyper-
tension and functional capacities in community-dwelling
older women: a cross-sectional study,” Blood Pressure,
vol. 26, no. 3, pp. 156-165, 2017.

J. M. Guralnik, E. M. Simonsick, L. Ferrucci et al., “A short
physical performance battery assessing lower extremity func-
tion: association with self-reported disability and prediction
of mortality and nursing home admission,” Journal of Geron-
tology, vol. 49, no. 2, pp. M85-M94, 1994.

D. Podsiadlo and S. Richardson, “The Timed “Up & Go™: A
Test of Basic Functional Mobility for Frail Elderly Persons,”
Journal of the American Geriatrics Society, vol. 39, no. 2,
pp. 142-148, 1991.

H. J. Coelho-Junior, B. Rodrigues, I. D. O. Gongalves, R. Y.
Asano, M. C. Uchida, and E. Marzetti, “The physical capabili-
ties underlying timed "Up and Go" test are time-dependent in
community-dwelling older women,” Experimental Gerontol-
ogy, vol. 104, pp. 138-146, 2018.

A. C. Cuckson, A. Reinders, H. Shabeeh, and A. H. Shennan,
“Validation of the Microlife BP 3BTO-A oscillometric blood
pressure monitoring device according to a modified British
Hypertension Society protocol,” Blood Pressure Monitoring,
vol. 7, no. 6, pp. 319-324, 2002.

D.]J. Feriani, H. J. Coelho-Junior, K. B. Scapini et al., “Effects of
inspiratory muscle exercise in the pulmonary function, auto-
nomic modulation, and hemodynamic variables in older
women with metabolic syndrome,” Journal of Exercise Reha-
bilitation, vol. 13, no. 2, pp. 218-226, 2017.

O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall,
“Protein measurement with the Folin phenol reagent,” The
Journal of Biological Chemistry, vol. 193, no. 1, pp. 265-275,
1951.

A. M. Jacomini, D. da Silva Dias, J. de Oliveira Brito et al.,
“Influence of estimated training status on anti and pro-
oxidant activity, nitrite concentration, and blood pressure in
middle-aged and older women,” Frontiers in Physiology,
vol. 8, p. 122, 2017.

M. M. Ouellette, N. K. LeBrasseur, J. F. Bean et al., “High-
intensity resistance training improves muscle strength, self-
reported function, and disability in long-term stroke survi-
vors,” Stroke, vol. 35, no. 6, pp. 1404-1409, 2004.

M.-]. Lee, S. L. Kilbreath, M. F. Singh et al., “Comparison of
Effect of Aerobic Cycle Training and Progressive Resistance
Training on Walking Ability After Stroke: A Randomized
Sham Exercise-Controlled Study,” Journal of the American
Geriatrics Society, vol. 56, no. 6, pp. 976-985, 2008.

T. R. Hill, T. L. Gjellesvik, P. M. R. Moen et al., “Maximal
strength training enhances strength and functional perfor-
mance in chronic stroke survivors,” American Journal of Phys-
ical Medicine & Rehabilitation, vol. 91, no. 5, pp. 393-400,
2012.

T. A. Miszko, M. E. Cress, ]J. M. Slade, C. J. Covey, S. K.
Agrawal, and C. E. Doerr, “Effect of strength and power

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

[44]

(45]

11

training on physical function in community-dwelling older
adults,” The Journals of Gerontology Series A: Biological Sci-
ences and Medical Sciences, vol. 58, no. 2, pp. M171-M175,
2003.

K. F. Reid and R. A. Fielding, “Skeletal muscle power: a critical
determinant of physical functioning in older adults,” Exercise
and Sport Sciences Reviews, vol. 40, no. 1, pp. 4-12, 2012.

R. Ramirez-Campillo, A. Castillo, C. I. de la Fuente et al,
“High-speed resistance training is more effective than low-
speed resistance training to increase functional capacity and
muscle performance in older women,” Experimental Gerontol-
ogy, vol. 58, pp. 51-57, 2014.

M. Almkvist Muren, M. Hiitler, and J. Hooper, “Functional
capacity and health-related quality of life in individuals post
stroke,” Topics in Stroke Rehabilitation, vol. 15, no. 1,
pp. 51-58, 2008.

S. Baseman, K. Fisher, L. Ward, and A. Bhattacharya, “The
relationship of physical function to social integration after
stroke,” Journal of Neuroscience Nursing, vol. 42, no. 5,
pp. 237-244, 2010.

I. J. Hubbard, K. Vo, P. M. Forder, and J. E. Byles, “Stroke,
physical function, and death over a 15-year period in older
Australian women,” Stroke, vol. 47, no. 4, pp. 1060-1067, 2016.
A.J. Cruz-Jentoft, G. Bahat, J. Bauer et al., “Sarcopenia: revised
European consensus on definition and diagnosis,” Age and
Ageing, vol. 48, no. 1, pp. 16-31, 2019.

E. Ekstrand, J. Lexell, and C. Brogéardh, “Grip strength is a rep-
resentative measure of muscle weakness in the upper extremity
after stroke,” Topics in Stroke Rehabilitation, vol. 23, no. 6,
pp. 400-405, 2016.

P. Rashid, J. Leonardi-Bee, and P. Bath, “Blood pressure reduc-
tion and secondary prevention of stroke and other vascular
events,” Stroke, vol. 34, no. 11, pp. 2741-2748, 2003.

A.J. Cruz-Jentoft, J. P. Baeyens, J. M. Bauer et al., “Sarcopenia:
European consensus on definition and diagnosis: report of the
European Working Group on Sarcopenia in Older People,”
Age and Ageing, vol. 39, no. 4, pp. 412-423, 2010.

H. J. Coelho-Junior, E. R. Villani, R. Calvani et al., “Sarcope-
nia-related parameters in adults with Down syndrome: a
cross-sectional exploratory study,” Experimental Gerontology,
vol. 119, pp. 93-99, 2019.

H. J. Coelho-Junior, I. O. Gongalves, N. O. S. Camara et al.,
“Non-periodized and daily undulating periodized resistance
training on blood pressure of older women,” Frontiers in Phys-
iology, vol. 9, p. 1525, 2018.

C. Wang, J. Redgrave, M. Shafizadeh, A. Majid, K. Kilner, and
A. N. Alj, “Aerobic exercise interventions reduce blood pres-
sure in patients after stroke or transient ischaemic attack: a
systematic review and meta-analysis,” British Journal of Sports
Medicine, no. article 098903, 2018.

B. Gambassi, P. Schwingel, F. Mesquita et al., “Influence of
resistance training practice on autonomic cardiac control
of hypertensive elderly women,” September 2019, https://
www.researchgate.net/profile/Candida_Alves3/publication/
330740598 _Influence_of_resistance_training_practice_on_
autonomic_cardiac_control_of_hypertensive_elderly_
women/links/5c51de5e299bf12be3ee905b/Influence-of-
resistance-training-practice-on-autonomic-cardiac-
control-of-hypertensive-elderly-women.pdf.

A. H. Katsanos, A. Filippatou, E. Manios et al., “Blood pressure
reduction and secondary stroke prevention: a systematic


https://journals.lww.com/nsca-jscr/Fulltext/2008/09000/Effects_of_a_Short_Term_Resistance_Program_Using.9.aspx
https://journals.lww.com/nsca-jscr/Fulltext/2008/09000/Effects_of_a_Short_Term_Resistance_Program_Using.9.aspx
https://journals.lww.com/nsca-jscr/Fulltext/2008/09000/Effects_of_a_Short_Term_Resistance_Program_Using.9.aspx
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf
https://www.researchgate.net/profile/Candida_Alves3/publication/330740598_Influence_of_resistance_training_practice_on_autonomic_cardiac_control_of_hypertensive_elderly_women/links/5c51de5e299bf12be3ee905b/Influence-of-resistance-training-practice-on-autonomic-cardiac-control-of-hypertensive-elderly-women.pdf

12

[46]

(47]

(48]

(49]

review and metaregression analysis of randomized clinical
trials,” Hypertension, vol. 69, no. 1, pp. 171-179, 2017.

T. ACM, R. C. Melo, R. J. Quitério, E. Silva, and A. M. Catai,
“The effect of eccentric strength training on heart rate and
on its variability during isometric exercise in healthy older
men,” European Journal of Applied Physiology, vol. 105,
no. 2, pp. 315-323, 2009.

E. L. Melanson and P. S. Freedson, “The effect of endurance
training on resting heart rate variability in sedentary adult
males,” European Journal of Applied Physiology, vol. 85,
no. 5, pp. 442-449, 2001.

C. M. Friedenreich, V. Pialoux, Q. Wang et al., “Effects of exer-
cise on markers of oxidative stress: an ancillary analysis of the
Alberta Physical Activity and Breast Cancer Prevention Trial,”
BM] Open Sport & Exercise Medicine, vol. 2, no. 1, article
€000171, 2016.

M. R. Moraes, R. F. P. Bacurau, J. D. S. Ramalho et al,
“Increase in kinins on post-exercise hypotension in normoten-

sive and hypertensive volunteers,” Biological Chemistry,
vol. 388, no. 5, pp. 533-540, 2007.

Oxidative Medicine and Cellular Longevity



	Dynamic Resistance Training Improves Cardiac Autonomic Modulation and Oxidative Stress Parameters in Chronic Stroke Survivors: A Randomized Controlled Trial
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Design
	2.2. Participants
	2.3. Resistance Training (RT) Intervention
	2.4. Control Group (CG)
	2.5. Evaluations
	2.5.1. Functional Parameters
	2.5.2. Isometric Handgrip of Paretic and Nonparetic Limbs
	2.5.3. 10&thinsp;m Walking Speed (10MWT)
	2.5.4. 5-Repetition Sit-To-Stand (5XSTS)
	2.5.5. Timed “Up and Go”
	2.5.6. Hemodynamic Parameters
	2.5.7. Oxidative Stress Markers

	2.6. Statistical Analysis

	3. Results
	3.1. Physical Function
	3.2. Hemodynamic Parameters
	3.3. Cardiac Autonomic Modulation
	3.4. Oxidative Stress Markers

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

