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ABSTRACT

Aim: Stroke constitutes a considerable cause of morbidity and mortality in any society.
Despite the increasing effect of stroke, information about the prophylactic effect of
aerobics exercise on the health disorder in Ghana is rare. The objective of the study is to
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investigate the effect of aerobic exercise (AE) training on rehabilitative stroke patients
considering their body mass index (BMI), resting systolic blood pressure (RSBP), resting
diastolic blood pressure (RDBP), resting heart rate (RHR) and resting blood oxygen
saturation (RSp02).

Study Design: Quasi-experimental research design with pre-post test was employed.
Place and Duration of Study: The study was conducted at physiotherapy clinic of Komfo
Anokye Teaching Hospital, Kumasi, Ghana. The AE training and measurement were
conducted from November, 2013 to April, 2014 in the gymnasium of the physiotherapy
clinic.

Methodology: The study comprised of fifty rehabilitative stroke [partial (36, 72.0%) and
permanent (14, 28.0%)] patients with mean age of 54.04+13.07 years attending
physiotherapy clinic. Age ranged from 26 to 80 years. The patients [male (27, 54.0%) and
female (23, 46.0%)] went through moderate intensity, two sections a week of AE training
for two months. Forty (80.0%) of the participants has experience in exercise programme
while ten (20.0%) has none prior to the AE training programme. Physiological parameters
of BMI, RSBP, RDBP, RHR and RSp02 were measured two days before and after the AE
training period, and analysed.

Results: The BMI (24.89+3.56 vs 23.11+2.89; t=9.237, p<0.05), RSBP (131.48+23.43 vs
120.94+7.42; t = 3.468, p<0.05), RDBP (87.70£16.03 vs 79.50+6.26, t = 3.577, p<0.05),
RHR (84.22+8.47 vs 74. 22+3.80; t = 8.879, p<0.05) and RSp02 (93.44+ 5.14 vs
96.56+1.98; t =-4.905, p<0.05) significantly changed after two months of AE training.
There is significant difference in gender-based analysis on the effect of AE training on
BMI (22.36 £2.70 vs23.99+3.00; t=-2.058, p<0.05) and RDBP (81.63+5.83 vs 77.00+
5.92; t=2.779, p<0.05). There was no significant differences in the effect of AE training on
physiological parameters analysed based on degree of stroke and exercise experience.
Conclusion: AE training was effective on the BMI, RSBP, RDBP, RHR and RSp02 of
rehabilitative stroke patients irrespective of gender and degree of stroke. Significance
attention should be given to aerobic exercise in the rehabilitating process of stroke
patients to minimize adverse affects of some drugs on their blood pressure, heart rate
and oxygen saturation.

Keywords: Stroke patients; aerobic exercise; body mass index; blood pressure; heart rate;
blood oxygen saturation.

1. INTRODUCTION

Stroke, a disease of the brain caused by interference to the blood supply, is a physio-clinical
health condition associated with sudden onset of weakness, numbness, paralysis, slurred
speech, aphasia, problems with vision and other manifestations of a sudden interruption of
blood flow to a particular zone of the brain [1-2]. It has been noted that in order for brain to
function properly, nerve cells within it must have a continuous supply of blood, oxygen and
glucose (blood sugar) [3]. If this supply is impaired, parts of the brain may stop functioning
temporarily. If the impairment is severe, or lasts long enough, brain cells die and permanent
damage follows. Because the movement and functioning of various parts of the body are
controlled by these cells, they are affected also. The symptoms experienced by the patient
will depend on which part of the brain is affected. Stroke is a focal neurological dysfunction
of the central nervous system with acute onset as a consequence of a pathologic disorder of
vascular origin [4-5].
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Stroke and heart disease are the main cardiovascular diseases [6-7]. Elevated blood
pressure is the major risk factor for stroke. Other risk factors for stroke besides diabetes are
cigarette smoking and high level of low-density lipoprotein (LDL) cholesterol. These result in
assessing vital functioning such as heart rate, breathing, temperature and blood pressure by
healthcare providers to ensure there adequacy. Stroke is substantially in increase among
individuals who have other vascular disease especially coronary heart disease, left
ventricular hypertrophy, atrial fibrillation and peripheral vascular disease. Causes of stroke
are attributed high blood pressure [8], diabetes and cardiovascular diseases [9], high
cholesterol [10], excessive alcohol, drug, and obesity [3], vitamin B12 deficiency [11] and
aging [12]. Study has also revealed association of obesity as defined by body mass index
with risk of stroke [13].

Stroke and acute cardiac events have a higher incidence in stroke patients than in the
general population [14]. Hypertension and stroke are emerging as important threats to the
health of adults in Africa [15]. However, due to scarce resources and healthcare provision,
the detection of hypertension and prevention of stroke is still haphazard and unreliable [16].
Hypertension awareness, treatment and control rates were as low as 34.0%, 28.0% and
6.2%, respectively, in the Ashanti region of Ghana [17]. Stroke prevalence of 17.9% in
Ghana was reported by Plange-Rhule et al. [18]. De-Graft Aikins [19] admitted that the
condition of stroke in Ghana was epidemic in 2007. Agyemang et al. [20] reported 9.1% as a
total of medical adult admissions and 13.2% of all medical adult deaths were in the record of
Komfo Anokye Teaching Hospital (KATH), Kumasi. Donkor et al. [21] pointed out that the
record could partly reflect the poor community awareness of stroke risk factors. This is also
the case of major risk factors of stroke such as high cholesterol, diabetes, alcohol and
smoking. Haemorrhagic and infarctive strokes or combination of either are the types of
stroke reported in Ghana [22-24].

It has been shown in the literature that simple and effective management of high blood
pressure alone can reduce stroke incidence by as much as 70% [25]. Gordon [26]
documented that the American Heart Association’s recommendations for physical activity in
stroke survivors encourage targeting modifiable risk factors, such as physical inactivity, to
decrease the frequency of recurrent events. Management and rehabilitation of stroke
survivors is often accomplished by combination of drugs, psychotherapy and recently
exercise therapy. The concept that stroke can happen to anyone at any age is a reality. To
this end, stroke survivors often work with therapists to restore strength and control through
exercise programmes in the developed world [27]. The survivors also learn skills to deal with
the loss of certain body movements. Extrapolation of the effects of physical activity on
cardiovascular risk factor reduction and physical fithess in the non-stroke population predicts
that regular exercise delivered through stroke rehabilitation programmes may reduce the risk
of further cerebro-vascular and cardiovascular events in stroke survivors, subsequently
reducing the risk of mortality in this population. Simple exercise like walking and bending to
sweep floor as well as stretching exercises such as extending the arms or bending the torso
are usually recommended. Gallanagh et al. [28] reiterated that the role of physical activity in
the prevention of stroke is of great interest due to the high mortality and significant impact of
stroke-related morbidity on the individual and on healthcare resources. They further admitted
that the use of physical activity as a therapeutic strategy to maximise functional recovery in
the rehabilitation of stroke survivors has a growing evidence base. Given that stroke is
becoming concerned health burden in sub-Sahara Africa [20,21] all potential management
principles ought to be applied. Deaths from strokes could have been prevented or reduced to
the lowest minimum through changes in health habits such as involvement in more physical
activity and exercise if well implemented. Study on the use of aerobic exercise in stroke
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rehabilitation in Ghana has being scarce which may reflect the trend in the high morbidity
and mortality of stroke in the country.

2. METHODOLOGY
2.1 Subjects

Fifty (50) rehabilitative stroke patients (Mage = 54.04£13.07 years; Myeighi=65.54+7.65kg; and
Mheight =1.64+0.10m) were purposively sampled. The study design was the quasi-experiment
study of one group pretest-posttest design. A number of the participants had participated in
some form of exercise preceding the intervention. Ethical approval was obtained from the
Committee on Human Research Publication and Ethics (CHRPE) of the School of Medical
Sciences, Kwame Nkrumah University of Science and Technology Kumasi and the Komfo
Anokye Teaching Hospital (KATH), Kumasi. A special permission was also sought from the
head of department of the physiotherapy unit at KATH. All participants signed consent form
and were familiarized with measurement techniques, AE training session and were advised
to stay away from their medications a week before data collection and during the intervention
with adherence monitored.

2.2 Procedure

Stethoscope and timer were used to measure resting heart rate. The SICOA Ridge field
N.J.07567 made in USA model of sphygmomanometer was used to measure resting blood
pressure. The pulse oximeter (model CMS50DL1, China) was used to measure oxygen
saturation of the patients. PRESTIGE stadiometer (Model HM0016D, India) with weighing
scale was used in obtaining height (m) and weight (kg) of the participants and thereafter
used to calculate body mass index. Participants’ physiological parameters of BMI, RSBP,
RDBP, RHR and RSp02 were measured two days before and after the eight-week aerobic
exercise (AE) training programme.

A low intensity AE training in line with the American College of Sports Medicine (2007)
guideline on quality and quantity of exercise trainings was followed. AE training conducted
lasted for eight weeks. Weeks one and six of AE training centered on balance exercise for
sitting and standing positions with aerobic exercise for the limbs (passive range of motion).
Week two focused on balance and flexibility exercise for the arms and legs. Weeks three
and seven was on flexibility, posture and aerobic exercise for the head, neck, trunk and
knees. The fourth and eighth week on strength exercises for the whole body while fifth week
was concentrated on strength exercises for the wrist, hands, arms and legs. Participants
went through two sets of exercise of two repetitions in the ratio 2:1 for minimum of 35
minutes in each of the contact days and were monitored by the researchers and clinic
physician during AE training sessions to prevent hazards.

2.3 Statistical Analysis
Results were expressed as the mean + SD and distributions of all the variables were
assessed for normality. Independent and paired t-tests were used to examine significant

differences in the pre-test and post-test data collected using the Statistical Package for
Social Sciences software (SPSS Version 17.0, SPSS Inc. Chicago, IL).
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3. RESULTS AND DISCUSSION

After eight weeks of aerobic exercise (AE) training, changes occurred to the physiological
parameters of the rehabilitative stroke patients. Descriptive statistics, independent and
paired t-tests revealed the outcome of data obtained as presented in Tables 1 through 5.

Table 1. Characteristics of the participants

N= 50 Minimum Maximum Mean Std. deviation
Age (yrs) 26.00 80.00 54.04 13.07
Height (m) 1.40 1.80 1.64 0.10
Weight (kg) 50.00 80.00 65.54 7.65
BMI (kg/m?) Pre 17.51 33.16 24.89 3.56
Post 18.00 28.40 23.11 2.89
RSBP (mmHg) Pre 85.00 190.00 131.48 23.43
Post 105.00 140.00 120.94 7.42
RDBP (mmHg) Pre 50.00 115.00 87.70 16.03
Post 70.00 100.00 79.50 6.26
RHR (bpm) Pre 62.00 109.00 84.22 8.47
Post 67.00 85.00 74.22 3.80
RSp02 (%) Pre 80.00 99.00 93.44 5.14
Post 91.00 99.00 96.56 1.98

Table 2. Paired T-test analysis of the effect of AE training

Physiological Paired differences t df P-values
Parameters Mean Std. error 95% Conf. Int.
mean of Difference
Lower Upper
BMI 1.78+1.36 19 1.39 2.17 9.237 49 .000
RSBP 10.54+21.49 3.03 4.43 16.64 3.468 49 .001
RDBP 8.20£16.21 2.29 3.59 12.80 3.577 49 .001
RHR 10.00+£7.96 1.12 7.73 12.26 8.879 49 .000
RSp02 -3.12 +4.49 .63 -4.39 -1.84 -4.905 49 .000

*p<0.05; AE training significantly improved body mass index (BMI: t = 9.237, df=49, P<.05), resting
systolic blood pressure (RSBP: t = 3.468, df = 49, P<.05), resting diastolic blood pressure (RDBP: t =
3.577, df = 49, P<.05), resting heart rate (RHR: t = 8.879, df = 49, P<.05) and resting blood oxygen
saturation (RSp02: t = -4.905, df = 49, P<.05)

Both the systolic and diastolic blood pressures showed a normal blood pressure with 96%.
The heart rate also showed a normal range with 74% out of 100%. The oxygen saturation
shows a normal range with 78% out of 100%. Findings reveal that the participants have
different history of stroke ranging from falls, sudden weakness of the limbs, accidents,
malaria infection to hereditary which confirm reported causes of stroke [29-32,27]. Study
showed that a cause cannot be identified in about a third of strokes in younger adults and
that between 40% and 50% of strokes in younger adults are haemorrhagic [33]; 50% of
childhood strokes are haemorrhagic and 50% are ischaemic, and heart disorders cause up
to 25% of ischaemic strokes in children [34]. Data from the 2012 behavioural risk factors
surveillance system of centers for diseases control and prevention, 2.9% of men and 2.9% of
women below 18 years of age had a history of stroke; 3.0% of non-Hispanic whites, 3.8% of
non-Hispanic blacks, 1.9% of Asian/Pacific Islanders, 1.8%of Hispanics (of any race), 5.8%
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of American Indian/Alaska natives, and 4.1% of other races (including African) or multiracial
people had a history of stroke [35].

Table 3. Degree of stroke-based analysis of physiological parameters

Physiological Degree of N Mean Std. error t df P-values

parameters stroke mean

BMI Partial stroke 36 22.84+2.58 43 -1.028 48 .309
Permanent 14 23.78+3.59 .96 -.889 18.45 .386
stroke

RSBP Partial stroke 36 121.02+45.7 .95 133 48 .895
Permanent 14 120.71+10.95 2.92 .102 15.82 .920
stroke

RDBP Partial stroke 36 79.19+4.96 .82 -.549 48 .585
Permanent 14 80.28+8.97 2.39 -.430 16.19 .673
stroke

RHR Partial stroke 36 74.27+4.19 .69 171 48 .865
Permanent 14 74.07+£2.67 71 .206 37.13 .838
stroke

RSp02 Partial stroke 36  96.41+2.00 .33 -.818 48 418
Permanent 14 96.92+1.94 .51 -.830 24.47 415
stroke

There were no statistically significant differences between the groups (Degree of Stroke)

Table 4. Analysis of physiological parameters based on gender

Gender N Mean Std. error mean  t df P-values
BMI Male 27 22.35+2.65 .51 -2.058 48 .045*
Female 23 23.99+2.97 .61 -2.039 44.65 .047
RSBP Male 27 122.44+7.39 1.42 1.576 48 122
Female 23 119.17+7.22 1.50 1.579 47.06 121
RDBP Male 27 81.62+5.83 1.12 2779 48 .008*
Female 23 77.00+5.92 1.23 2775 46.48 .008
RHR Male 27 74.07+4.15 .79 -.291 48 172
Female 23 74.39+3.43 71 -.296 47.96 .769
RSp02 Male 27 96.70+1.93 37 .552 48 .584
Female 23 96.39+2.06 42 .549 45.68 .586

There were statistically significant differences between the groups in BMI and RDBP (P<0.05)

Although the mean age of the participants was 54.04+13.07year, the age range of 26 years
to 80years obtained support the vulnerability of individuals to stroke irrespective of age.
American Heart Association [36] reported that strokes occur at any age but are much more
common in the elderly between 55 and 85 years. Stroke Association [37] documented that
approximately 25% of strokes occur in people aged under 65years and that five out of every
100,000 children each year have a stroke in the UK.

Also the BMI of the stroke patients reduced by 1.782kg/m2 indicating significant effect of
aerobic exercise training at improving obesity indices of such people. This poses a recovery
body composition and rejuvenates health in terms of weight —height ratio as BMI remains
one of the reported predictive factors of stroke. Our finding that stroke survivors have
improved BMI after participating in two months aerobic exercise training was consistent with
other studies [26,38]. The AE training also significantly improved RSBP (decrease of
10.54mmHg from the initial 131.48mmHg), RDBP (reduction of 8.20mmHg from 87.70mmHg
at baseline) and RHR (decrease of 10.00bpm from 84.22bpm) from unhealthy to healthy
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standards [36,39]. The decrease in blood pressure and heart rate of the stroke patients after
aerobic exercise training observed in this study is in line with the study in Yang et al. [38]
and Rimmer [40]. Significant improvement in health indices such as blood pressure and
heart rate is advocated in wellness way of life [41-43]. The marked improvements in blood
pressure and heart rate may result in decrease in health risk factors. The decrease in the
heart rate which has been observed in the present study can be justified by the fact that
exercise training creates an imbalance between the tonic activity of sympathetic accelerator
and parasympathetic depressor neurons in favour of greater vagal dominance, a response
mediated primarily by increased parasympathetic activity and a small decrease in
sympathetic discharge [44]. Regular training confers beneficial effects on the heart as well
the entire body [45]. This occurs partly because exercise training improves skeletal muscle
work capacity and reduces resistance, thus increases conductance in the peripheral
circulation. Extrinsic modulation of the heart alters and improves the intrinsic pump capacity
of the heart [45].

Table 5. Analysis of physiological parameters based on exercise experience pre-
intervention

Exercise N Mean Std. error mean t df P-values
experience
BMI Yes 40 23.31+2.97 469 1.032 48 .307
No 10 22.26%2.52 .796 1.141 15.89 271
RSBP  Yes 40 121.17+7.66 1.211 444 48 .659
No 10 120.00+6.67 2.108 .483 15.53 .636
RDBP  Yes 40 79.47+6.73 1.063 -.056 48 .956
No 10 79.60+4.14 1.309 -.074 22.53 .942
RHR Yes 40 74.47+3.97 .628 .947 48 .348
No 10 73.20+2.97 .940 1.127 18.00 274
RSp02 Yes 40 96.35+2.06 .325 -1.519 48 .135
No 10 97.40+1.43 452 -1.885 19.52 .074

There were no statistically significant differences between the groups (Yes and No)

The training also significantly increased RSp02 (increase of 3.12% from 93.44% at baseline)
to almost normal values (97% to 99%) in the healthy individuals [46-47]. This finding from
the study indicates a positive association between aerobic exercise and oxygen saturation in
stroke survivors as in previous studies [44,48]. Sufficient oxygen saturation obtained
correlate with the level of blood pressure and heart rate as a result of AE indicating
improvement in oxyhaemoglobin curve. Oxygen delivery to the working muscles and tissues
will be enhanced development of capillaries and mitochondria leading to increased motor,
sensory and cognitive abilities.

Other outcomes of this present study stem from the fact that the effect of AE training on
physiological parameters is not significant based on degree of stroke (partial and permanent
stroke) and physical activity/exercise participation prior intervention indicating possibility of
improvement in motor performance irrespective stroke type. Gordon et al. [26] reported the
trainability of stroke survivors and documented the beneficial physiological, psychological,
sensorimotor, strength, endurance and functional effects of various types of exercise. Three
processes implicated in neurorepair (angiogenesis, neurogenesis and synaptic plasticity)
would be naturally produced in adult brains after intensive rehabilitation program and could
also stimulate an endogen neurorepair phenomena [49-51]. Another finding on the other
hand was the significance difference observed in BMI and RDBP (though not a major health
indicator) between male and female after AE training. Although male were more than female
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in the study sample, AE training made mean BMI of male to be less than that of female
(22.355+2.654kg/m? <23.991+2.968kg/m?). This may not be unconnected to the zeal of the
male during the training which was more than their female counterparts who exhibited
exercise intolerance. Exercise intolerance according to Gordon et al. [26] and Nilsson,
Duscha, Hranitzky and Kraus [52] can lead to reduction in cardiorespiratory fithess, muscle
atrophy, osteoporosis and impaired circulation to the extremities in stroke patients.
Effectiveness of AE training as prophylactic aid continued to manifest in all interventional
studies irrespective of health conditions at acute and chronic stage when administered under
the auspices of ethical rules and procedures though strenuous [53]. Duration of stroke and
degree of deficits were not ascertained before intervention where future work can look into.

4. CONCLUSION AND RECOMMENDATION

Aerobics exercise has significant effect on the physiological components of stroke as
improvement was seen in the variables we measured especially the blood pressure levels.
The average blood pressure for both systolic and diastolic, BMI, heart rate and oxygen
saturation of the participants were in the normal range. Attention should be giving to
aerobics exercise as important adjunct to recommended drugs in rehabilitating stroke
patients.
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