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Abstract  

Aerobic exercise has demonstrated benefits in improving arterial stiffness, cardiovascular autonomic function, and 

motor performance in individuals with stroke. While exergames such as the Wii boxing game have shown potential to enhance 

cardiovascular fitness, their accessibility may be limited due to technological or equipment constraints. As an alternative, a 

home-based boxing program may serve as a practical intervention to improve atherosclerosis-related outcomes and autonomic 

nervous system function in stroke survivors. This study aimed to investigate the effects of moderate-intensity boxing training 

on arterial stiffness, arterial obstruction, autonomic function, and motor impairments in individuals with chronic ischemic 

stroke. This study employed a single-cohort feasibility design and was conducted in a community-based setting in Mueang 

District, Phitsanulok, Thailand. It involved 12 stroke survivors with a mean post-stroke duration of 25.4 months. Participants 

engaged in 24 one-hour boxing sessions over an 8-week period. Outcome measures included the Cardio-Ankle Vascular Index 

(CAVI), Ankle-Brachial Index (ABI), Heart Rate Variability (HRV), and Fugl-Meyer Assessment (FMA), evaluated at 

baseline, 4 weeks, and 8 weeks. Significant improvements were observed in CAVI values on both sides, with reductions from 

9.55 to 8.45 (right) and from 9.30 to 8.60 (left) (p = 0.001). HRV analysis showed enhanced autonomic function, with increases 

in LFnu from 32.75 to 41.96 and LF/HF ratio from 0.51 to 0.99 (p = 0.017). Motor performance, as measured by the FMA, 

significantly improved from 80 to 96 (p = 0.001), while ABI values remained unchanged. These findings suggest that an 

accessible, moderate-intensity boxing program may be an effective strategy for supporting vascular health, autonomic 

regulation, and motor recovery in chronic stroke rehabilitation. 
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1.  Introduction 

Atherosclerosis has a higher prevalence among 

individuals with chronic ischemic stroke than among 

healthy individuals (Suzuki et al., 2013). Previous 

studies have demonstrated that ischemic stroke 

patients with atherosclerosis and autonomic cardiac 

dysfunction have an increased risk of recurrent stroke 

(Su et al., 2017) . Consequently, post-stroke, patients 

may develop autonomic nervous dysfunction, 

potentially leading to abnormal heart function and 

thereby increasing the risks of disability and mortality 

(Chen et al., 2017). Moreover, the enduring physical 

disability and persistent disruption of heart function 

following stroke highlight the chronic burden 

experienced throughout a patient's lifetime (Feigin et 

al., 2021).  

Aerobic exercise administered to stroke 

patients has the potential to improve arterial stiffness 

(Zhang et al., 2022), cardiac autonomic nervous 

system function (Raimundo et al., 2021), and motor 

system (Zhang et al., 2020). Alternative forms of 

aerobic exercise have gained popularity as a 

contemporary rehabilitation approaches for stroke 

patients. The Wii boxing game shows a greater 

capacity to enhance cardiovascular fitness than Wii-

bowling, Wii- baseball and Wii- tennis (Trinh et al., 

2016). However, game integrated technology may 

have limitations on accessibility. A prior study has 

employed boxing training as part of stroke 

rehabilitation without the use of game technology. 

The boxing training program has demonstrated 

noticeable enhancements in stroke patients' balance, 

upper limb activities, walking ability, and overall 

quality of life (Park et al., 2017). Furthermore, the 

home-based boxing training program for individuals 

with chronic stroke exhibited notable improvements 

in trunk performance, balance, and a reduction in the 

fear of falling. Notably, patients also reported 

considerable enjoyment from the boxing training 

program (Kerdsawatmongkon et al., 2023). These 

findings suggest that boxing training may serve as a 

potential alternative home-based exercise regimen for 

stroke patients. However, a research gap remains 

regarding the effects of boxing training on 

atherosclerosis and autonomic cardiac regulation in 

stroke patients. 

The Cardio-Ankle Vascular Index (CAVI) and 

the Ankle Brachial Index (ABI) are both widely used, 

non-invasive methods for assessing arterial properties 

(Khan et al., 2008; Shirai et al., 2011). CAVI 

measures the overall stiffness of arteries from the 

origin of the aorta to the ankle (Suzuki et al., 2013), 

offering a straightforward and reproducible 

assessment that is independent of blood pressure 

variations (Shirai et al., 2006). Meanwhile, ABI 

demonstrates high specificity and sensitivity in 

detecting arterial stenosis or obstruction (Hong et al., 

2016; Lee et al., 2016).  

Heart rate variability (HRV) refers to the 

variation in time intervals between consecutive 

heartbeats. It is controlled by the sympathetic and 

parasympathetic branches of the autonomic nervous 

system (Shaffer & Ginsberg, 2017). HRV is 

associated with cardiovascular disease, as previous 

studies indicated that low HRV in healthy individuals 

is correlated with an elevated long-term risk of atrial 

fibrillation, major adverse cardiac events, stroke, and 

mortality (Orini et al., 2023). Research findings 

suggest that the HRV of acute ischemic stroke patients 

significantly declines in comparison to that of healthy 

controls (Korpelainen et al., 1996). Furthermore, 

previous research has demonstrated that individuals 

with acute ischemic stroke exhibit lower levels of low 

frequency (LF) and high-frequency (HF) components, 

including normalized LF, normalized HF, and the 

LF/HF ratio when compared to their healthy 

counterparts (Chen et al., 2013). 

Based on the evidence presented, stroke 

survivors often experience arterial stiffness, impaired 

autonomic cardiac regulation, and motor dysfunction, 

all of which reduce quality of life and increase 

cardiovascular risk. Aerobic exercise has been shown 

to improve vascular health, autonomic function, and 

motor performance; however, technology-based 

programs like exergaming may have limited 

accessibility. Boxing training offers a practical, 

rhythm-based aerobic activity that can be performed 

in community or home settings, potentially addressing 

these limitations. It is hypothesized that community-

based boxing training is a feasible and effective 

intervention to improve cardiovascular function and 

motor performance in stroke survivors. 

 

2.  Objectives 

To investigate the effects of boxing training on 

arterial stiffness (AS), arterial obstruction, cardiovascular 

autonomic function, and motor impairments in 

individuals with chronic ischemic stroke. 

 

3.  Materials and Methods 

3.1 Study Design and Setting 

This was a single-cohort feasibility study, with 

all training sessions and outcome measurements 

conducted in the participants’ homes in the Mueang 
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district of Phitsanulok, Thailand. Ethical approval was 

granted by the Naresuan University Institutional 

Review Board (IRB No. 0011/62), the Buddhachinaraj 

Hospital Institutional Review Board (IRB No. 

101/62), and the Thai Clinical Trial Registration 

(TCTR20200114002). 

 

3.2 Participants 

The sample size was determined based on 

recommendations for a pilot feasibility study, which 

suggest a minimum of 12 participants (Julious, 2005). 

A total of 12 individuals with chronic ischemic stroke 

in Mueang District, Phitsanulok, Thailand was 

recruited. Inclusion criteria were: age 40–75 years; 

first-ever ischemic stroke within the past 6 months to 

5 years; ability to stand independently for more than  
5 minutes; ability to follow a two-step command; and 

a score above the cognitive impairment cut-off on  
the Mini-Mental State Examination Thai Version 

2002 (MMSE-Thai 2002), defined as ≥14 for 

individuals with no formal education, ≥17 for those 

with primary education, and ≥22 for those with 

secondary education or higher (Thai Cognitive Test 

Development Committee, 2002). Exclusion criteria 

were: musculoskeletal conditions limiting arm 

movement; bilateral hemiparetic stroke; severe 

spasticity of the shoulder adductors, elbow flexors,  
or wrist flexors (Modified Ashworth Scale ≥3);  
motor recovery score of the upper extremity ≤18 on 

the Fugl-Meyer Assessment (FMA); high risk  
of falling (Short Form of the Berg Balance Scale <10); 

atrial fibrillation; resting heart rate >85% of age-

predicted maximum heart rate; and participation  
in other rehabilitation or relaxation programs during 

the intervention period. 

 

3.3 Boxing Training Program 

The physiotherapist served as boxing trainer, 

guiding participants in achieving proper boxing 

posture, providing motivation to help them reach their 

training objectives, closely monitoring heart rate data, 

adjusting the training program's progression as 

needed, and documenting any incidents or 

observations during and after each session. 

The boxing training regimen began with a 

thorough warm-up. This included a 5-minute session 

of dynamic stretching exercises followed by 5 minutes 

of air punching. Participants then began boxing either 

in a seated or standing position, depending on their 

individual capabilities. The punching target was 

positioned within the reachable range of the affected 

arm. Training began with a jab punch, followed by 

hook punch and uppercut punch, executed first on the 

sound side and then on the affected side. Each punch 

was repeated on both sides, aiming for at least  
30 punches within a 3-minute set or as tolerated by the 

participant. There was a 1-minute rest interval 

between sets, or longer if needed for the participant to 

continue. Participants were required to maintain 

moderate-intensity exercise, defined as 40–60% of 

heart rate (HR) reserve or a rating of perceived 

exertion (RPE) of 11–16 throughout the session. The 

progressive training program consisted of 40–50% 

HR reserve for 32 minutes during weeks 1–4, and  
50–60% HR reserve for 32–40 minutes during weeks 

5–8. Lastly, the cool-down consisted of stretching 

exercises, holding each position for 15–30 seconds, 

resting for 30 seconds, and performing slow 

diaphragmatic breathing (Billinger et al., 2014) . The 

training program comprised 50–60 minute sessions 

conducted three times per week, for a total of  
24 sessions over 8 weeks. Throughout the training 

period, participants did not receive any additional 

rehabilitation, ensuring that observed outcomes could 

be attributed to the boxing program. 

Participants were considered dropouts if they 

experienced chest pain; uncontrolled heart rate or 

blood pressure (exceeding 120 beats per minute or 

220/110 mmHg); wheezing; loss of balance; attended 

fewer than 24 sessions; or failed to maintain an 

exercise intensity of at least 40–50% of their heart rate 

reserve during training. 

 

3.4 Assessment Tools 

Arterial stiffness, arterial obstruction, 

cardiovascular autonomic function, motor 

impairments, and degree of disability were measured 

using CAVI, ABI, HRV, and FMA, respectively. 

Furthermore, participant's compliance with the 

training program and the occurrence of any adverse 

events during or after the training were recorded. 

Assessments were conducted at baseline (prior to the 

first training session), mid-intervention (at 4 weeks on 

a non-training day), and post-intervention (within 24–

48 hours after the final session) by two experienced 

physical therapists who were independent of the 

boxing trainer. One assessor evaluated CAVI, ABI, 

and HRV, while the other assessed FMA. Both 

assessors demonstrated excellent intra-rater reliability 

across all measurements.
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3.4.1 Cardio-Ankle Vascular Index (CAVI) and Ankle 

Brachial Index (ABI) 

The vascular screening equipment VaSera1500 

(Fukuda Denshi Co. Ltd, Tokyo) was used to measure 

both CAVI and ABI. A CAVI value of 9.0 or higher 

indicates suspected arteriosclerosis, while values 

between 8.0 and 9.0 are classified as "borderline." 

Conversely, a CAVI below 8.0 is considered within 

the normal range (Sun, 2013). The ABI was used to 

assess blood flow in the brachial artery, dorsalis pedis 

artery, and posterior tibial artery (McClary & Massey, 

2025). The ABI ranging from 0.4 to 0.9 indicates mild 

to moderate peripheral artery disease (PAD), while an 

ABI below 0.40 suggests severe PAD. Additionally, 

an ABI exceeding 1.3 is considered abnormal and 

indicates non-compressible vessels (Khan et al., 

2008). 

 

3.4.2 Heart Rate Variability (HRV) 

Cardiovascular autonomic function was 

evaluated by HRV using PowerLab-LabChart7 

software. A 5-minute electrocardiogram (ECG) 

recording was obtained during a 20-minute supine 

resting period. This short-term ECG recording can 

detect pathological changes in autonomic nervous 

system function (Kleiger et al., 2005). HRV is defined 

as fluctuations in the intervals between normal 

heartbeats and was calculated using the frequency 

domain method. High-frequency (HF) power 

represents cardiac parasympathetic activity, while low-

frequency (LF) power represents parasympathetic-

sympathetic balance. The LF/HF ratio was calculated 

to determine sympathovagal balance (Sztajzel, 2004). 

 

3.4.3 Fugl Meyer Scale (FMA) 

The FMA was used to evaluate motor 

impairment in stroke patients. It is scored based on 

direct observation of the patient's performance and 

has demonstrated good concurrent validity and test-

retest reliability (Alt Murphy et al., 2015). The motor 

functioning section of the FMA scoring system ranges 

from 0 to 100 points, with 0 representing hemiplegia 

and 100 indicating normal motor performance. This 

breakdown allocates 66 points for assessing the upper 

extremities and 34 points for evaluating the lower 

extremities (Gladstone et al., 2002). 

 

3.4.4 Recording of Adverse Events 

Muscle soreness, fatigue, delayed onset muscle 

soreness, muscle cramps, musculoskeletal injuries 

and falls were documented within 8–24 hours after 

each boxing session. 

 

3.5 Statistical Analysis 

Participant characteristics were examined using 

the Shapiro-Wilk test. The participants' characteristic 

data were reported as means ± standard deviation or as 

frequencies with corresponding percentages. CAVI, 

ABI, HRV, and FMA data were presented as medians 

with interquartile ranges. Friedman test, followed by the 

Wilcoxon signed-rank test, was used to examine the 

differences in CAVI, ABI, HRV, and FMA before and 

after training. All statistical analyses were conducted 

using SPSS version 17. 

 

4.  Results  

4.1 Flow of Participants through the Trial 

A total of 163 individuals with chronic stroke 

were assessed for eligibility, of whom 149 were 

excluded for not meeting the inclusion criteria. 

Fourteen individuals with stroke were recruited for the 

study. Two declined to participate in the training 

program, leaving twelve participants who completed 

the 8-week boxing training intervention (Figure 1). 

 

4.2 Compliance with Trial Method 

All 12 participants received one hour of boxing 

training three days per week for eight weeks. After the 

boxing program, two participants experienced adverse 

events, including shoulder and wrist pain. However, 

these discomforts were quickly relieved by applying a 

cold compress after training and allowing one night of 

rest. The baseline characteristics of the 12 participants 

are presented in Table 1. 
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Figure 1 Flowchart of participant recruitment, allocation, and completion of the 8-week boxing training program 

 

Table 1 Baseline characteristics of participants (n = 12) 

Characteristics n = 12 

Sex, males, n (%) 5 (41.7) 

Age, years, mean (SD)  63.4 (4.6) 

Handedness, right, n (%)  8 (66.7) 

Time since stroke, months, mean (SD)  27.5 (22.7) 

Hemiparesis, n right (%)  9 (75.0) 

Short Form Berg Balance Scale (28), mean (SD) 18.2 (3.6) 

Modified Rankin Scale  

   Grade 0 5 (41.7) 

   Grade 1 2 (16.7) 

   Grade 2 4 (33.3) 

   Grade 3 1 (8.3) 

Medication  

   Enalapril (angiotensin-converting enzyme inhibitor, n (%)) 4 (33.3) 

   Aspirin, n (%) 9 (75.0) 

   Metformin, n (%) 4 (33.3) 

   Amlodipine (calcium channel blocker), n (%) 5 (41.7) 

   Statin, n (%) 10 (83.3) 
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Table 2 Outcome measurements at baseline, week 4, and week 8 of the training program (n = 12) 

Outcome 

Measures 

Median (IQR1, 3) 

Pairwise Comparison 

(Wilcoxon signed-rank test) 

Friedman 

test 

p-value 

p-value 

(effect 

size; 

Kendall's 

W) 

Baseline 

(week 0) 
Week 4 Week 8 

week 4 

compared 

with 

baseline 

(effect 

size; r) 

week 8 

compared 

with 

baseline 

(effect 

size; r) 

week 8 

compared 

with 

week 4 

(effect 

size; r) 

CAVI 

(Rt.) 

9.55  

(8.80, 10.35) 

9.00  

(8.40, 9.85) 

8.45  

(8.10, 9.05) 

0.066 

(0.53) 

0.001 

(1.00)* 

0.006 

(0.80)* 

0.001 

(0.91)** 

CAVI 

(Lt.) 

9.30  

(8.93, 10.08) 

9.05  

(8.60, 10.08) 

8.60  

(7.98, 9.10) 

0.262 

(0.32) 

0.001 

(1.00)* 

0.019 

(0.68)* 

0.001 

(0.63)** 

ABI (Rt.) 1.08  

(1.05, 1.16) 

1.06  

(1.030, 1.100) 

1.05  

(1.01, 1.10) 
N/A N/A N/A 

0.344 

(0.09) 

ABI (Lt.) 1.02  

(0.97, 1.08) 

1.07  

(1.01, 1.12) 

1.07  

(1.01, 1.10) 
N/A N/A N/A 

0.336 

(0.09) 

LF ms2  111.22  

(93.28, 261.58) 

98.65  

(68.82, 331.31) 

262.11  

(83.00, 316.60) 
N/A N/A N/A 

0.558 

(0.05) 

LF nu* 32.75  

(24.00, 37.18) 

41.00  

(32.97, 45.23) 

41.96  

(39.89, 47.80) 

0.041 

(0.59)* 

0.004 

(0.83)* 

0.414 

(0.24) 

0.013 

(0.36)** 

HF ms2 225.54  

(97.45, 454.40) 

145.58  

(70.29, 403.33) 

250.30  

(90.45, 305.05) 
N/A N/A N/A 

0.779 

(0.02) 

HF nu 56.86  

(43.38, 66.47) 

47.80  

(41.48, 52.71) 

44.22  

(40.26, 48.00) 
N/A N/A N/A 

0.076 

(0.22) 

LF/HF 

ratio 

0.51  

(0.41, 0.81) 

0.85  

(0.69, 1.07) 

0.99  

(0.90, 1.05) 

0.025 

(0.65)* 

0.008 

(0.77)* 

0.683 

(0.12) 

0.017 

(0.34)** 

Resting 

HR 

68.50  

(63.25, 74.25) 

64.50  

(58.25, 72.50) 

68.00  

(61.00, 71.75) 
N/A N/A N/A 

0.856 

(0.01) 

SBP 141.50  

(120.50, 169.25) 

144.50  

(125.75, 155.50) 

135.00  

(121.50, 150.25) 
N/A N/A N/A 

0.706 

(0.03) 

DBP 81.50  

(73.50, 89.00) 

80.50  

(73.75, 87.50) 

84.50  

(74.75, 86.75) 
N/A N/A N/A 

0.401 

(0.08) 

MAP 102.17  

(89.17, 115.25) 

102.00  

(94.08, 109.83) 

100.67  

(91.00, 106.92) 
N/A N/A N/A 

0.779 

(0.02) 

FMA 80.00  

(72.00, 87.75) 

87.00  

(73.25, 94.50) 

96.00  

(79.00, 98.00) 

0.025 

(0.65)* 

0.001 

(1.00)* 

0.011 

(0.74)* 

0.001 

(0.98)** 

Note-* p < 0.05 utilized by Wilcoxon signed-rank test; ** p < 0 .0 5 utilized by Friedman test; CAVI: Cardio-Ankle Vascular Index; ABI: 

Ankle-Brachial Index; LF: low frequency; LFnu: normalized low frequency; HF: high frequency; HFnu: normalized high frequency; LF/HF 

ratio: low frequency to high frequency ratio; Resting HR: Resting Heart Rate; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; 

MAP: Mean Arterial Pressure, FMA: Fugl-Meyer Assessment; N/A: Not applicable. 

 

4.3 Effect of Boxing Training 

The outcome measurements at baseline, after 4 

weeks, and after 8 weeks of training are presented in 

Table 2. The 8-week boxing training program resulted 

in significant changes in both right (p = 0.001) and left 

CAVI (p = 0.001). These significant changes were 

evident as early as the 4th week of the program. In 

contrast, ABI values remained stable throughout the 

training period. Furthermore, the 8-week boxing 

training program resulted in a statistically significant 

improvement in FMA scores (p = 0.001). This 

improvement was already evident by the 4th week of 

the program (p = 0.001). LF (nu) and the LF/HF ratio 

showed statistically significant increases (p = 0.013 

and p = 0.017, respectively). 

 

5.  Discussion 

The 8-week boxing training program resulted 

in reduced arterial stiffness, improved cardiovascular 

autonomic function, and better recovery of upper and 

lower limb motor impairments. The boxing training 

program in this study represents a moderate-intensity 
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aerobic exercise consistent with American Heart 

Association guidelines (American College of Sports 

Medicine, 2013). Moderate-intensity aerobic activity 

is particularly important for reducing arterial stiffness, 

as it enhances endothelial function, increases nitric 

oxide bioavailability, and promotes arterial compliance 

(Nystoriak & Bhatnagar, 2018). Additionally, the 

rhythmic and bilateral movements characteristic of 

boxing may further support vascular benefits by 

promoting consistent alternating limb activation, 

thereby improving blood circulation and reducing 

vascular resistance. These coordinated movements 

likely stimulate peripheral vasodilation and improve 

arterial elasticity. Overall, the combined effects of 

moderate aerobic intensity and coordinated rhythmic 

movements in boxing may contribute to 

improvements in arterial stiffness and cerebral blood 

flow (Woolley et al., 2015). 

Our study showed a significant reduction in 

arterial stiffness, with CAVI decreasing by 3% on the 

left side and 6% on the right side within a 4-week 

training period. This duration is markedly shorter than 

the timelines reported in previous studies involving 

stroke patients that observed changes in arterial 

stiffness (Billinger et al., 2012; Lee et al., 2015; 

Takatori et al., 2012). This outcome may be attributed 

to the specific design of the boxing training regimen, 

which incorporated appropriate aerobic intensity 

levels, structured training protocols, and adequate rest 

intervals, all tailored to meet the needs of individuals 

with chronic stroke. Although participants were 

allowed rest intervals between sets (each boxing 

round lasting 3 minutes), the time spent warming up, 

stretching, and performing air punching enabled them 

to engage in continuous exercise for a substantial 

duration, typically 13–15 minutes, during the initial 

phase of training. Aerobic exercise for stroke patients 

can begin with 10-minute sessions, with gradual  
5-minute increments introduced every two weeks. 

However, from the second week onward, all 

participants were able to complete at least 30 minutes 

of continuous boxing training. The punching positions 

encouraged coordinated movement of the upper limbs 

and torso, involving the sagittal, longitudinal, and 

transverse planes during the execution of jab, 

uppercut, and hook punches, respectively (Thomson 

et al., 2013). These movements involve repetitive 

actions in which the upper-limb muscles work 

together in a coordinated manner to resist the force  
of the punching bag. As a result, this regimen helps 

enhance upper-limb muscular endurance and power, 

benefiting both aerobic conditioning and overall 

muscular performance (Chaabène et al., 2015). 

Participants exhibited significant improvements in 

motor recovery of both the upper and lower limbs, as 

indicated by an 8.75% increase in FMA scores, with 

notable progress evident as early as the fourth week. 

An increase in strength, endurance, and power of the 

upper limb muscles. Such improvements may contribute 

to increased capillary density and the development of 

small arterial branches (Nystoriak & Bhatnagar, 2018), 

resulting in greater overall arterial diameter. The 

observed decrease in CAVI may be attributed to 

improved arterial dilatation or increased nitric oxide 

secretion along the arterial walls, both of which can be 

stimulated by aerobic exercise (Nystoriak & Bhatnagar, 

2018). Furthermore, consistent aerobic exercise can 

reduce sympathetic adrenergic vasoconstriction, 

thereby increasing arterial compliance and enhancing 

vascular elasticity (Tanaka, 2019). However, it is 

important to note that this study did not directly assess 

nitric oxide levels or vascular elasticity.   

Despite reductions in CAVI following training, 

no statistically significant changes were observed in 

peripheral arterial stenosis as evaluated by ABI. The 

lack of change in ABI may be attributed to the fact 

that most participants had ABI values within the 

normal range before beginning the training. It can be 

inferred that the intensity of the boxing training 

program may not have been sufficient to influence 

peripheral arterial stenosis in individuals without pre-

existing abnormalities. Additionally, ischemic stroke 

patients may not always present with symptoms of 

PAD. However, one participant's right ABI improved 

from 0.89 to 1.01 at week 4 and further increased to 

1.02 by week 8. This finding suggests that boxing 

training might have a positive effect on ABI among 

individuals with initially abnormal values.   

HRV is an index of cardiac function and an 

indicator of central modulation of global stress 

responses (Guan et al., 2018), therefore it was chosen 

as the outcome measure for this study. After the 

boxing training program, we observed a decrease in 

HF value and an increase in LF value. However, the 

simultaneous rise in the LF/HF ratio suggests improved 

sympathovagal balance, indicating enhanced autonomic 

regulation of cardiac function as a result of the 

training. 

This finding appears to contradict previous 

research reporting a decrease in LF and an increase in 

HF, indicative of reduced sympathetic activity and 

enhanced parasympathetic activity, respectively 

(Sampaio et al., 2016). This discrepancy may be due 

to the specific focus on ischemic stroke patients who 
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often exhibit lower HRV values than those with other 

stroke types (Al-Qudah et al., 2015) and healthy 

individuals (Korpelainen et al., 1996). The alterations 

in LF, HF, and LF/HF ratios are expected to move 

toward values observed in healthy individuals (Kelley 

et al., 2001), suggesting that boxing training may help 

normalize HRV in stroke patients. Furthermore, the 

moderate-to-high intensity, rhythmic structure, and 

bilateral full-body movements characteristic of 

boxing resemble those of other martial arts, which 

have been associated with improved cardiac 

autonomic modulation, although prior studies were 

conducted in healthy children and adolescents rather 

than in individuals post-stroke (Suetake et al., 2018). 
Although HRV is influenced primarily by heart rate 

(HR) (Kazmi et al., 2016), the resting HR of our 

participants remained largely consistent throughout 

the training program. However, 7 of the 12 

participants demonstrated a decrease in resting heart 

rate following the training. The decreased heart rate 

and elevated LF/HF ratio observed after the boxing 

training may indicate increased heart rate variability, 

potentially reflecting improved functional status 

(Ogliari et al., 2015). Temporal changes in autonomic 

nervous system activity, as reflected in HRV, did not 

affect participants’ stable blood pressure, which may 

be attributable to consistent medication adherence.  

Although statistically significant changes in blood 

pressure were not observed after the boxing training, 

participants demonstrated a notable trend toward 

decreasing blood pressure, including a 4% reduction 

in diastolic pressure and a 2% reduction in mean 

arterial pressure. These findings are consistent with 

prior research demonstrating the efficacy of aerobic 

exercise in reducing resting blood pressure among 

adults (Kelley et al., 2001). 

In this study, FMA scores showed a notable 

increase that exceeded the Minimal Clinically 

Important Difference (MCID) for both FMA-UE and 

FMA-LE assessments, surpassing 4.25 and 6 points, 

respectively (Page et al., 2015; Pandian et al., 2016). 

The recovery of limb motor impairment also 

progressed more rapidly than in previous studies (Park 

et al., 2017). This enhanced motor improvement may 

be attributed to specific components of the boxing 

training protocol, particularly its high intensity, 

rhythmic structure, and incorporation of bilateral, 

multiplanar movements involving both the upper and 

lower limbs. Unlike previous studies that limited 

training to seated positions and simple sagittal-plane 

punches (e.g., jabs and straight punches), the present 

program engaged more muscle groups and promoted 

dynamic balance and coordination, likely contributing 

to superior motor outcomes. 

Participant motivation and a novelty effect may 

have contributed to the observed outcomes. The 

absence of dropouts after starting the boxing program 

suggests strong engagement and motivation, and 

participants’ ability to complete the entire program 

may also reflect a novelty effect.  However, an 

important strength of this study is that all participants 

were in the chronic phase of ischemic stroke, during 

which spontaneous recovery is minimal (Cramer, 

2008). Therefore, the physiological and functional 

improvements observed are likely attributable to the 

specific effects of the boxing training program rather 

than to natural recovery or non-specific factors. This 

study has several limitations, notably the absence of a 

control group. Consequently, it is difficult to 

definitively attribute the observed changes solely to 

the training program. The limited sample size and 

single-centre data collection further constrain the 

generalizability of the findings. Therefore, the results 

serve as preliminary evidence and highlight the need 

for further investigation. Future research should 

prioritize calculating an appropriate sample size to 

enhance statistical robustness. Adapting the boxing 

program for home-based self-practice would also 

allow for extended observation through long-term 

follow-up. This will enable the evaluation of whether 

subjects can sustain self-training and provide insights 

into the duration of training effects over time. This 

study did not restrict participants by sex or lesion side 

to enhance the generalizability of the findings to 

stroke survivors. However, future research may focus 

on a single sex or lesion side to better understand sex-

specific and side-specific effects of the intervention. 

Another limitation is the use of short-term HRV 

measurements, which may not fully capture real-

world HRV variability in individual patients. Future 

research should incorporate longer-term HRV 

measurements to more accurately reflect autonomic 

nervous system function (Shaffer et al., 2020). 

 

6.  Conclusion 

This study provides preliminary evidence that 

an 8-week, moderate-intensity boxing program can 

improve arterial stiffness, autonomic function, and 

motor performance in individuals with chronic 

ischemic stroke. Clinically meaningful gains in FMA 

scores and early reductions in CAVI highlight both 

functional and vascular benefits. Although ABI 

remained unchanged, HRV parameters indicated 

improved autonomic balance. Given the small sample 
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size and absence of a control group, these findings 

should be interpreted cautiously. Larger controlled 

trials with long-term follow-up are needed to confirm 

the therapeutic value of boxing as a feasible and 

engaging adjunct to stroke rehabilitation.  
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