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Abstract:
INTRODUCTION: Stroke causes physiologic functional changes such as vascular resistance and 
arterial remodeling. This study aimed to explore the effects of 3‑month regular home‑based exercise 
rehabilitation on brachial flow‑mediated dilation (FMD), daily physical activity, and upper and lower 
extremity sensorimotor of the acute ischemic stroke patients.
MATERIALS AND METHODS: This randomized control trial was done from August 2017 to September 
2018. Patients with unilateral ischemic stroke were recruited from inpatient wards at an educational 
hospital. Patients were randomly assigned to the home‑based rehabilitation program (intervention 
group) or usual care (control group). Fugl‑Meyer upper and lower extremity sensorimotor score and 
Barthel score were evaluated in both the groups before and 3 months after baseline assessment. 
Furthermore, brachial artery vasomotor reactivity (FMD) hemiparetic arm assessed vascular health. 
The intervention group received home‑based rehabilitation exercise program for 3 months. The 
control group did not receive home‑based rehabilitation program and incentive telephone call. All 
data were collected and analyzed by SPSS software (version 20) and appropriate statistical tests.
RESULTS: Forty ischemic stroke patients (twenty in the intervention group and twenty in the control 
group) were examined. Results showed that Barthel score and Fugl‑Meyer upper and lower extremity 
score and FMD in the intervention group were significantly higher than the control group after 3‑month 
home‑based exercise rehabilitation (P < 0/001).
CONCLUSION: Twelve‑week regular home‑based exercise training was well tolerated by the 
intervention group. After this period, improvements were reported in brachial FMD as well as daily 
physical activity and upper and lower extremity functional capacity.
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Introduction

Stroke is mainly a disease of the arterial 
blood flow of the brain. Changes in 

the vascular system in the stroke‑affected 
limb may impact physical performance. 
Impairment in endothelium‑dependent 
vasodilatation could be a risk factor for 
stroke or transient ischemic attack.[1,2] The 
endothelium is an essential organ in regulation 

of vasomotor tone and vascular homeostasis. 
Endothelial dysfunction was evaluated by 
flow‑mediated dilation (FMD). Brachial 
artery FMD reflects endothelium‑dependent 
vasodilation function. FMD is an important 
stimulus‑regulating vascular tone and 
homeostasis of the peripheral circulation by 
synthesizing nitric oxide (NO). NO has been 
shown to play a key role in the maintenance 
of vasodilator tone of the blood vessels. 
Endothelial dysfunction results in reduced 
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NO availability, causing reduced vasodilatation. In acute 
ischemic stroke, a reduction FMD is an independent 
predictor for new‑onset vascular events.[3,4] Brachial FMD 
is a physiological, noninvasive, and validated assessment 
for detecting endothelial dysfunction.[5]

FMD is expressed as the peak percentage change in 
arterial diameter (%FMD) in response to a hyperemic 
shear stress after temporary flow occlusion. Shear 
stress is directly related to the velocity and the 
viscosity of the blood but inversely related to the 
vessel diameter.[5,6]

Stroke causes physiologic functional changes such as 
vascular resistance and arterial remodeling. Moreover, 
peripheral vascular adaptations such as reduced blood 
flow, decreased arterial diameter, and endothelial 
dysfunction in the hemiparetic side have been observed 
as a result of stroke.[7]

It is confirmed that regular exercise training has a 
protective effect on endothelial function through the 
activation of endothelial NO synthase.[8]

An article reported that 8‑week moderate‑high 
exercise training using a recumbent stepper has 
significant improvements in brachial artery vasomotor 

reactivity (FMD) as well as physical performance (6‑min 
walk test) in the subacute stroke patients.[9]

Another study revealed that exercise increases cerebral 
perfusion and reduces infarction size by expression of 
endothelial NO after experimental ischemia in the mouse 
model.[10]

Another article demonstrated that home‑based 
rehabilitation produced greater gains and higher rates 
of functional independence, ability, and quality of life 
than did usual care.[11,12]

This study aimed to explore the effects of 3‑month 
regular home‑based exercise rehabilitation on brachial 
FMD, daily physical activity, and upper and lower 
extremity sensorimotor of the acute ischemic stroke 
patients.

Materials and Methods

Study design and patients
This prospective, randomized, parallel, controlled 
trial was done from August 2017 to September 2018 
in Alzahra Educational Hospital, Isfahan, Iran. Forty 
patients with unilateral ischemic stroke were recruited 
using convenience sampling [Figure 1]. A computer 
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Figure 1: CONSORT Flow Diagram
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random number generator was used to generate the 
random sequence for group allocation (twenty patients 
in each group). An investigator who was blinded to 
patient selection kept the random sequence and allocated 
the participants to intervention and control at a 1:1 
ratio. The main inclusion criteria for the trial were the 
following: patients and their caregivers’ agreement to 
participate, first ischemic stroke within 24–72 h, persistent 
hemiparesis in the upper and lower extremities, and 
7 ≤National Institutes of Health Stroke Scale (NIHSS) 
≤20.[13] Patients with uncontrolled hypertension, heart 
diseases, severe dysphasia and cognitive impairment, 
pulmonary embolus, and dependency before stroke were 
excluded from the study.

Measures
Baseline demographic data including age, gender, 
medical history, physical examination, and phone 
number were asked by the assessor. Then, NIHSS, 
Fugl‑Meyer upper and lower extremity sensorimotor 
score, and FMD were evaluated in both the groups before 
and 3 months after baseline assessment.[14,15]

Flow‑mediated dilation measurement
All measurements of brachial artery diameter and 
FMD were performed in the morning in the quiet 
room. Patients were asked to be overnight fasting for 
12 h (water was permitted). They were resting supine 
for 20 min before the FMD procedure. The hemiparetic 
arm was immobilized in the extending position, and 
a cuff was placed just distal to the olecranon process 
and allowing for ultrasound scanning of the brachial 
artery 2–3 cm above the antecubital fossa. 30.31 The 
cuff was inflated to suprasystolic pressure (220 mmHg) 
and maintained for 5 min. Twenty seconds before cuff 
deflation, recording of diameter and blood flow velocity 
was resumed. At 5 min, the cuff was deflated while 
ultrasound images continued to be recorded for another 
3 min. All images were collected on a computer and 
analyzed offline using specialized software (Brachial 
Analyzer, Medical Imaging Applications, Coralville, 
Iowa). The brachial artery was scanned longitudinally 
using an HDI 5000 Ultrasound Instrument (Philips 
Medical Systems, Bothell, WA, USA) with a 5–12 MHz 
linear array  transducer.  Once a satisfactory image of 
the brachial artery was obtained, the transducer was 
stabilized using a custom‑designed holder. If needed, 
minor adjustments were made to the transducer 
placement for optimal imaging. We also captured 
Doppler velocity measurements at an insonation angle of 
60° using the ultrasound system. Baseline diameter and 
blood flow velocity were recorded continuously for 10 s.

This edge‑detection software allows the operator to 
identify a region of interest at a specific, designated 
area of the vessel. The automated software identified 

the near and far wall properties of the vessel and track 
diameter changes.

Absolute FMD (mm) = (peak postocclusion diameter) 
− (preocclusion diameter)

Relative FMD (%) = (absolute FMD ÷ [preocclusion 
diameter]) ×100[16]

Intervention
The intervention group received home‑based 
rehabilitation exercise program which was recorded on 
DVD and delivered to the patients at discharge time. 
Rehabilitation program was designed by the expert 
exercise physiologist and physical therapist for 3 months. 
The home‑based rehabilitation program was progressive 
exercise training which includes passive exercise, active 
exercise, resistance exercise, and endurance exercise to 
improve flexibility, strength, endurance, and balance 
and to encourage more use of the affected extremity. 
The 1st‑month exercises, which included stretching and 
flexibility, were done with the help of caregivers. In 
the 2nd month, endurance and little resistance exercises 
were designed in the sitting position that according to 
the development of the patient’s functional capacity, 
most of the movements were performed independently 
by the patient himself. In the 3rd month, exercises 
were balance and slow walking. Each stage of exercise 
program lasted approximately 1 h, and patients 
performed it twice a day. Patients and their caregivers 
were instructed for home‑based rehabilitation program 
before discharge from the hospital. Caregivers were 
given instruction for how to assist patients in ways 
that permitted patients to use their functional skills as 
much as possible. The intervention group was either 
received physical therapy in the duration of hospital 
stay, and they might receive outpatient rehabilitation 
according to the neurologist description. The patients 
received the exercise physiologist’s telephone number 
for consultation about the home exercise rehabilitation 
program. The assessor appraised each patient once a 
month and called them for motivation.

Patients in the control group had physical therapy once 
a day when they were hospitalized. After discharge, 
they might receive usual care such as outpatient 
rehabilitation and other treatment services as prescribed 
by their physicians. They did not receive home‑based 
rehabilitation program and incentive telephone call.

Ethical consideration
The present study was confirmed by the Ethics Committee 
of Isfahan University of Medical Sciences (Confirmation 
code: IR.MUI.1395.3.046) and was also registered on the 
website of the Iranian Registry of Clinical Trials (IRCT) 
with a code of IRCT20180827040885N1. After explaining 
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the objectives of the study, participants completed 
the written consent forms and were ensured for the 
confidentiality of information.

Statistical analysis
All data were collected and analyzed by SPSS 
(version 20) to evaluate the effects of home‑based 
exercise rehabilitation. Numerical values were presented 
as mean and standard deviation. Chi‑square test was 
used to compare the distribution of sex frequency and 
hemiparesis in the intervention and control groups. 
Independent t‑test and paired t‑test were used to 
compare the measures between and within the groups 
in different time points, respectively.

Results

Forty ischemic stroke patients (twenty in the intervention 
group and twenty in the control group) were examined 
in this research. The age range of the patients was 
33–80 years with the mean of 62. ±12.4 in the intervention 
group and 40–80 years with the mean of 66 ± 10.3 years 
in the control group. Independent t‑test did not show any 
significant difference in the mean of the age between the 
two groups (P = 0.48).

Chi‑square test showed that there was no significant 
difference in the distribution of gender (P = 0.10) and 
hemiparesis side (P = 0.40) between the two groups 
[Table 1].

Independent t‑test revealed that there were no significant 
differences in Barthel score (P = 0.53), Fugl‑Meyer upper 

extremity sensorimotor score (P = 0.71) and Fugl‑Meyer 
lower extremity sensorimotor score (P = 0.98) and FMD 
score (P = 0.67) between the two groups before the 
intervention. The covariance analysis test showed that 
the mean of the Barthel score, the mean of the Fugl‑Meyer 
upper extremity sensorimotor score, the mean of the 
Fugl‑Meyer lower extremity sensorimotor score, and 
the mean of FMD score in the intervention group were 
significantly higher than the control group after 3‑month 
home‑based exercise rehabilitation (P < 0.001) [Table 2].

Paired t‑test showed that the mean of the Barthel 
score (P = 0.21), the mean of the Fugl‑Meyer upper 
extremity sensorimotor score (P = 0.19), the mean 
of the Fugl‑Meyer lower extremity sensorimotor 
score (P = 0.76), and the mean of FMD score (P = 0.84) 
did not have significant differences before and after 
3 months in the control group. However, in the 
intervention group, all of the mentioned assessments 
were significantly higher after 3‑month home‑based 
exercise rehabilitation (P < 0.001) [Table 3].

Discussion

The main purpose of this study was the effect of 3‑month 
home‑based exercise rehabilitation on brachial artery 
vasomotor reactivity evaluated by FMD during the 
subacute stage of stroke recovery. The other targets 
examined whether 3‑month home‑based exercise could 
improve daily physical activities (Barthel index [BI]) and 
upper and lower extremity functional capacity.

The primary objective of the intervention was to 
encourage patients to perform exercise recommendations 
according to DVD education program and increase 
their functional capacity. Since many stroke patients 
are not familiar with regular exercise training, therefore, 
the intervention must be simple, motivating, not 
time‑consuming, and easy to perform.

Previous studies have been shown the beneficial effects of 
exercise training in improving brachial artery vasomotor 
reactivity in patients with acute myocardial infarction 

Table 1: Characteristics of the patients
Variable Intervention 

group, n (%)
Control 

group, n (%)
P

Gender
Female 11 (55) 12 (60) 0.10
Male 9 (45) 8 (40)

Hemiparesis side
Right 12 (60) 10 (50) 0.40
Left 8 (40) 10 (50)

Table 2: Comparison  the mean scores of Barthel*,  Fugl‑Meyer,**  and flow‑mediated dilatation score before and 3 
months after exercise rehabilitation between the two groups
Time Variable Mean±SD P

Intervention group Control group
Baseline Barthel score 12.6±4.1 9.7±1.9 0.53

Fugl‑Meyer upper extremity sensorimotor score 16.9±3.9 14.8±4 0.71
Fugl‑Meyer lower extremity sensorimotor score 26.3±5.1 26.5±3.9 0.98
FMD% 0.005±0.02 0.01±0.08 0.67

Follow‑up Barthel score 83.1±2.7 14.1±2.8 <0.001
Fugl‑Meyer upper extremity sensorimotor score 88.2±4.5 19.6±3.8 <0.001
Fugl‑Meyer lower extremity sensorimotor score 92.6±3.8 27.6±4.1 <0.001
FMD% 0.17±0.12 0.02±0.12 <0.001

*An index for activities of daily living, **An assessment of sensory motor recovery after stroke. SD=Standard deviation, FMD=Flow‑mediated dilatations
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and other cardiovascular and cerebrovascular diseases[7,8] 
but rarely have been considered the effectiveness 
of home‑based exercise training on endothelial 
function and FMD in the subacute stroke stage. Our 
finding demonstrated that this early initiation of a 
3‑month structured, physiologically based, progressive 
home‑based exercise rehabilitation program has 
provided the remarkable improvements in brachial FMD 
due to increasing diameter in the hemiparetic forearm on 
ischemic stroke survivors in the acute phase of recovery.

According to the other studies after stroke, if the 
hemiparetic side has a reduced metabolic demand due 
to the lack of physical activity, vascular dysfunction may 
occur.[17] Endothelial dysfunction plays a key role in the 
progression of atherosclerosis; accordingly, ischemic 
stroke is also associated with endothelial dysfunction. 
Impaired FMD adversely related to stroke severity and 
associated with functional disability in the acute ischemic 
patients.[18]

Improvement on endothelial function as a result of 
regular exercise training contributes to cardiovascular 
and cerebrovascular health and physical capacity 
enhancement.[3]

Billinger et al. have been shown a 4‑week single‑limb 
exercise training program that increases muscular 
activity in the hemiparetic limb and improves femoral 
artery blood flow.[9]

A randomized controlled study has been explored 
that 3‑month intensive rehabilitation twice a week has 
a significant effect on arterial function (cardio‑ankle 
vascular index and ankle‑brachial pressure index) of 
chronic stroke patients, despite no changes on physical 
function.[19]

According to other findings of the current study, 
this intervention produced greater improvements on 
functional capacity of upper and lower extremities, 
activities of daily livings, and functional independence 
than did usual care. This superiority of home‑based 

exercise rehabilitation may result from some factors 
such as the patients and their family education before 
discharge from hospital, the family support, the initiation 
earlier exercise rehabilitation, the home environment of 
exercise, and close follow‑up. Furthermore, no adverse 
event was seen for patients during the intervention 
period. A randomized controlled trial consistent with 
our study revealed that a home‑based physical activity 
program was feasible, safe, and capable of inducing 
improvements in functional capacity.[20]

Some studies have shown patients and their caregivers’ 
satisfaction with the home‑based rehabilitation to 
reduce the impact of the disease, to avoid exacerbation 
of the diseases, and to be closer to their families, 
although personal factors of stroke patients, such as 
age, education, socioeconomic status, medical history, 
and family relationships have an effect on successful 
rehabilitation.[21,22]

A pervious article like our finding revealed early home 
rehabilitation service during the first 3‑month period in 
patients with ischemic stroke provides a better outcome 
for improving function in BI and reducing disability 
compared to the usual care group.[12]

Another study proposed early rehabilitation which 
can effectively improve stroke patients’ daily living 
activities, especially in eating, bed‑chair transfer, and 
short‑distance walking activities, and decrease the rate of 
complications’ incidence within 1 month after stroke.[23]

Chaparro et al.’s study has shown the valuable effects of 
a home‑based physical activity incentive and education 
program on functional capacity of the lower limb and 
6 min walking test in subacute stroke patients.[24]

A systematic review evaluated 11 trials which compared 
the functional benefits of home based versus center for 
community‑dwelling people with stroke and exposed 
a significant effect of home‑based rehabilitation at 
6 weeks (P = 0.03) and 3–6 months (P = 0.01). Furthermore, 
cost benefits and caregivers’ satisfaction in favor of 

Table 3: Comparison  the mean scores of Barthel*,  Fugl‑Meyer,**and flow‑mediated dilatation before and 3 
months after exercise rehabilitation within groups
Group Variable Mean±SD P

Baseline Follow‑up
Intervention 
group

Barthel score 12.6±4.1 83.1±2.7 <0.001
Fugl‑Meyer upper extremity sensorimotor score 16.9±3.9 88.2±4.5 <0.001
Fugl‑Meyer lower extremity sensorimotor score 26.3±5.1 92.6±3.8 <0.001
FMD% 0.005±0.02 0.17±0.12 <0.001

Control group Barthel score 9.7±2.7 14.1±2.8 0.21
Fugl‑Meyer upper extremity sensorimotor score 14.8±4.5 19.6±3.8 0.19
Fugl‑Meyer lower extremity sensorimotor score 26.5±4.1 27.6±4.1 0.76
FMD% 0.01±0.08 0.02±0.12 0.84

*An index for activities of daily living, **An assessment of sensory motor recovery after stroke. SD=Standard deviation, FMD=Flow‑mediated dilatation
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home‑based rehabilitation have been mentioned.[25] An 
article implied that home‑based rehabilitation is at least 
as good as the outpatient rehabilitation programs in a 
hospital setting, in terms of functionality achievement 
in poststroke patients.[26] This study is one of the few 
home‑based interventions in the field of rehabilitation 
of patients with stroke in Iran that can be considered as 
an innovation and strength point of the current study. 
Taking all patients from one hospital can be considered 
as a main limitation of the study.

Conclusion

Twelve‑week regular home‑based exercise training was 
well tolerated by the intervention group.

After this period, improvements were reported in 
brachial FMD as well as daily physical activity and upper 
and lower extremity functional capacity. In fact, regular 
exercise training enhances these repairing processes. 
Hence, home‑based rehabilitation could be performed 
consistently across the Iran geography, considering 
both social and health needs by providing supervised 
and progressive exercises for acute stroke patients with 
functional limitations, and where the transportation to 
care services is difficult.
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