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Abstract
Background: Although aerobic exercise has been shown to lower blood pressure (BP) in human beings, its additive BP-

reducing effect on antihypertensive drug therapy seems to have been investigated in only laboratory animals.

Objectives: This study investigated the effects of aerobic dance combined with antihypertensive drugs on BP and number

of antihypertensive drugs in individuals with hypertension.

Methods: This open label randomised-controlled trial involved new-diagnosed male and female individuals with mild-to-

moderate essential hypertension after at least four weeks of treatment. They were randomly assigned to drug therapy

(Normoretic: Hydrochlorothiazide + amiloride hydrochloride, and Amlodipine) (control: n=33) and aerobic dance combined

with drug therapy (exercise: n=30) groups. Intervention in each group lasted 12 weeks. BP was measured at baseline and

during and pos-intervention. Number of  antihypertensive drugs was recorded post-intervention.

Results: There were significant reductions in SBP at some periods of  the intervention in the exercise group (p=0.000 to

0.002) and control group (p=0.001 to 0.002), and significant difference in DBP at some periods of  the intervention in

exercise group (p=0.000 to 0.003) and control group (p=0.000 to 0.001). SBP (p=0.066) and DBP (p=0.100) did not differ

between the two groups post-12-week intervention. The BP control rates were similar between the exercises (56.7%) and

control (35.5%) groups (p=0.075). Similarly, between-group difference in the number of  drugs was not significant (p=0.511).

Conclusion: This preliminary report demonstrates the tendency of aerobic dance to enhance BP control in individuals on

two antihypertensive drugs without BP control.
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Introduction
Despite the advances in knowledge and the

increasingly effective therapeutic strategies for

hypertension management, sustainable control rates

at the population level are still elusive1,2.

There is growing evidence that uncontrolled

hypertension occurs in populations with even good

access to health care.3 In the US, 29% of  estimated

41.9 million people with hypertension, who were

treated for hypertension, had uncontrolled blood

pressure (BP).4 Even in well-conducted clinical trials,

with availability of numerous antihypertensive drugs

and combination therapies, BP control rates could

range from only 45% to 66%.5, 6

Uncontrolled hypertension has been

reported to be common (27.1%) among Nigerian

patients7, and is associated with various degrees of

target organ damage with increasing morbidity and

mortality.8 Blood pressure control was adequate in

only 29% of Nigerian patients despite adequate

adherence with drug therapy in 77.5% of them.9

Factors identified to contribute to uncontrolled

hypertension among Nigerian patients are female

gender, diabetes mellitus and number of daily tablets

>2.7 The prevalence of refractory or resistant

hypertension, which is inadequate BP control in a

patient who complies with 3 drugs in adequate

dosage is, however, low (1.1%) among Nigerian

patients.7

The association of daily tablets >2 with

uncontrolled hypertension may be mediated through poor

adherence with drug therapy. Kaplan10

recommended the use of  non-pharmacological
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means, such as aerobic exercise, as effectively as

possible so that minimum drug therapy is needed.

This may complement the BP-lowering effects of

antihypertensive drugs, and thereby, reducing the

number or dose of drugs required.11 In addition,

the efforts devoted to lifestyle modifications, such

as physical exercise12, are worthwhile since all drugs

cost money and may produce side effects.13

Considering the fact that aerobic exercise is

only effective if  it is performed continually14, it will

not be proper to overlook sustainability in choosing

an exercise modality. Possible modalities are walking,

jogging or running using a treadmill, riding a bicycle

ergometer15,16,17, swimming18, home aerobics19.

Considering the built environment in Nigeria and

economic situations of many citizens, however, most

of these modalities may not be practicable for the

majority of people, with the exception of aerobic

dance. According to Kumar20, dancing is a hobby

that many people take a lot of interest in.

Furthermore, dancing is an inexpensive, simple and

culturally-friendly modality, and hence can foster

sustainability and compliance in terms of

performance. It could be carried out in the comfort

of home settings, and that could allow for supports

in terms of  family members’ participation.

Blood-pressure-lowering effects of aerobic

exercise have been well documented in the literature.17,

19, 21, 22 Two previous studies23, 24 had investigated the

additive effect of drug therapy on BP-reducing effect

of physical exercise in individuals with moderate

hypertension. Furthermore, two laboratory studies25,26

investigated the additive effects of physical exercise

on BP-reducing effect of drug therapy in

spontaneously hypertensive rats. To our knowledge,

no human study has investigated the possible additive

BP-lowering effect of exercise to achieve BP control

in individuals on drug therapy without BP control.

In this study, we investigated the effect of  aerobic

dance combined with antihypertensive drug therapy

on BP control and number of antihypertensive drugs

taken by individuals with essential hypertension who

had been on two antihypertensive drugs without

adequate control.

Methods
Participants

Sixty-three individuals with uncontrolled essential

hypertension who were recruited from the

Hypertension Clinic of the Medical Out-Patient

Department of the University College Hospital and

out-patient Department of Adeoyo Maternity

Teaching Hospital, both in Ibadan, have so far

completed the study. The university College Hospital

is a tertiary level hospital whereas Adeoyo Maternity

Hospital is a secondary-level hospital partly used for

teaching purposes. The individuals were sourced

from patients newly diagnosed as having essential

hypertension, and were screened for eligibility.

Participants were screened with medical history and

physical examination as well as laboratory tests before

recruiting them into the study. Absence of  secondary

hypertension was confirmed in all the participants.

They were excluded if they were younger than

18years or older than 65 years and if they were

pregnant or diabetic or had a history of coronary

or valvular heart, renal, cerebral vascular, hepatic,

neurological disease or obstructive sleep apnoea.

Absence of  secondary hypertension was confirmed

in all participants using urinalysis, blood chemistry

profile (potassium, sodium, creatinine, fasting

glucose, fasting lipid levels) and a 12-lead

electrocardiogram. Participants with recent history

of smoking and alcohol abuse (<6 months) were

also excluded.22 None of the participants was

involved in an exercise training programme during

6 months prior to the study. Eligible participants were

placed on one tablet of  Normoretic (50mg

Hydrochlorothiazide + 5mg Amiloride

Hydrochloride) for 2 weeks. Participants whose BP

was not less than 140/90mmHg after two weeks

were given an additional drug (5mg of Amlodipine)

(Amlovar). At the end of this second two-week

period, those whose BP were still above 140/

90mmHg but was below the severe hypertensive

range (180/110mmHg) were randomly assigned to

a study group. The participants whose BP was still

above 180/110mmHg had their Amlovar dose

increased to 10mg for another two weeks. After the

third two-week period, those with inadequate BP

control but had their BP less than 180/110mmHg

were again randomly assigned to a study group. In

essence, only those who had mild-moderate

hypertension after being on one tablet of

Normoretic in addition to either 5mg Amlovar or

10mg Amlovar for 4 or 6 weeks respectively were

finally recruited into this study. Participants gave

informed consents to participate in the study

following adequate explanation of the procedure

to them.

Random Assignment
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Participants were randomly assigned to exercise and

control groups using the computer-generated

random number. This involved simple randomization

to groups. This was achieved by using Research

Randomizer (www.randomizer.org). It involved

specifying the sets of number (number of groups)

and the number in a group, assigning number to the

group and specifying the range of the numbers,

specify whether to sort the generated number or

not and whether each number in a set should remain

unique, whether to place marker off, within or across.

Then finally we clicked the button to randomize and

generate the number for random assignment. We

generated one set of 120 non-unique, unsorted

number ranging from 1 to 2 (1 for exercise group

and 2 for control group). This preliminary report is

on 30 participants in the exercise group and 33, in

the control group.

Trial design

This open label randomised-controlled trial was

approved by the Ethics Review Committee of

University of Ibadan/University College Hospital,

Ibadan. All participants were on two antihypertensive

drugs at recruitment. All the participants continued

their antihypertensive medication throughout the

study. Participants in the exercise group underwent

aerobic exercise training in addition to their

antihypertensive medication.

Figure 1: Flow Chart for participants’ recruitment

The consultants in charge were blinded to the

participants’ groups. To achieve this, we agreed that

the appointments of participants with the consultants

were only on Tuesdays and Thursdays when the

participants in the exercise group would not have

any exercise session. The consultants modified

participants’ drugs as necessary. The medication was

modified by increasing the dose of Amlovar such

that the BP reading of below 180/110 mmHg was

constantly achieved throughout the study. Participants

in both groups were assessed before, at 3-weekly

interval, and after the 12-week intervention. Bio-data

of the participants, such as age, sex, marital status,

and occupation, were recorded. Also recorded were

percent body fat, body mass index (BMI), waist

circumference, blood lipids, exercise capacity, quality

of  life and intervention adherence of  participants.

The research assistant who carried out the

measurement was not blinded to the patients’ group

but since automatic BP monitors were used and the

drugs were recorded as prescribed by the consultants,

the possibility of biased was reduced.
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Withdrawal criteria

Participants were withdrawn if they complained of

musculoskeletal pain persistently over three sessions

or if they showed sign of cardiovascular stress such

as dizziness and chest pain during the aerobic dance

training. When a patient is on the maximal doses of

the two drugs and the BP rose into the severe

antihypertensive range persistently over two weeks,

the patient was withdrawn from the study.

Participants could also withdraw voluntarily at any

stage in the two groups. However, apart from people

lost to knee-joint pain in the exercise group (two)

and elevated BP into severe range in the control group

(three), other participants (exercise: n= 9; control :

n=7) who did not finish the intervention did so for

personal reasons, most commonly familial

commitments or other ailments.

Measurements

Height of participants was measured using a height

meter. Participant stood bare-footed and erect on

the standing platform of  the scale, looking straight

ahead, and the height was read off from the meter

at the level of  vertex of  the head. Weight was

measured using a portable weighing scale (Secca,

model 762, Germany). The participants were

measured barefooted and with minimal clothing.

Body mass index was determined from measured

height and weight of the participants using the

relation: Weight/Height2. Percent body fat was

measured using fat meter (Omron, HBF-306-E,

Japan). This involved feeding participants’ weight,

height, age, and sex into the fat meter. Holding the

meter in both hands such that the electrodes were

covered by hands, participants stood erect with feet

together and arms held straight forward with elbow

and wrist in full extension and at 90 degrees of

shoulder flexion. The start button was then pressed

and participants was asked to remain still, while the

microprocessor of the meter calculated the percent

body fat and displayed it on the screen of  the meter.

Waist Circumference was measured at the level of

the umbilicus for the waist circumference using an

inelastible tape measure (Butterfly, China).

Blood pressure was measured in the sitting position

using an automated BP device (Omron, HEM-712)

following the recommended standards.27 The

readings were separated by 2 minutes.28 The number

of antihypertensive drugs was counted. All

participants were on two drugs- one tablet of

Normoretic and 5 or 10 mg of  Amlovar.

Aerobic exercise training programme

The 12-week aerobic exercise training was conducted

using a 45-minute exercise dance video at a frequency

of  3 sessions per week (Monday, Wednesday and

Friday). There were 4-10 participants in a session of

aerobic dance class depending on availability of

eligible participants to recruits. The participants’ heart

rate was monitored at interval. Each session of  the

programme comprised an initial five-minute warm

up, 35-minute aerobic dance and final five-minute

cool down phases. The warm up and cool down

comprised of  stretching exercises to the arms, legs

and trunk while the aerobic dance incorporated

bouncing movement of the leg, forward and

backward movement, jumping, shoulder

movements, arm stretching, trunk stretching, rolling

and bending and hip twisting, chest movement. The

intensity and duration of the aerobic dance were

progressively increased such that the participants

completed 45 minutes per session at 50-70% heart

rate reserve.

Study adherence

During the 12-week intervention the participants

receiving aerobic dance + antihypertensive drug

therapy were expected to attend 36 sessions. The

participants in the control group came every 3 week

for periodic assessment till the 12 week elapsed.

During the intervention, participants were given their

antihypertensive drugs every three weeks. The drugs

were counted for each participant, in plastic cases,

such that it will last till the next visits with a few

extra. At the next visit, old cases were returned with

unused medications, and pills were counted to

determine drug adherence.23 To maximise adherence

to drug prescription, the drugs were given out for

free. Further, participants in the exercise group were

called twice per week on any two days they were

not meant to come for the exercise training, whereas

those on the control group were called three times

per week on alternate days.    Drug adherence was

determined by dividing the total number of  drugs

taken over the twelve-week intervention period with

the maximum number of drug possible over the

same period and multiplied by 100. The adherence

was determined for each drug, and an average drug

adherence for each group was calculated by adding

up the two drug adherences and dividing by two.

The adherence to appointment was

computed differentially for the exercise and control

groups. For the exercise group, the number of

sessions attended was divided by the maximum
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number of sessions possible (36) and multiplied by

100. The participants in the control group were

coming every three week after the baseline

measurements. The number of  visits during the

intervention period was four. So, the number of

visits made divided by four multiplied by 100

constituted the adherence rate. The participants were

called on phone, if they failed to show up on ay day

they were supposed to come either for exercise

training or periodic appointment, to ascertain the

reason for their absence, and they were encouraged

to be present at the session. In addition, such

participants were called on the day just before the

next appointment day to remind them of the

appointment. The overall adherence was determined

by adding up the average drug adherence and the

appointment adherence for each group and dividing

by two.

Statistical analysis

The data were analysed using Statistical Package of

Social Science (SPSS) version 17. An á level of 0.05

was accepted for statistical significance. Between-

group comparisons for baseline quantitative variables

(age, height, weight, BMI, percent body fat, waist

circumference, SBP and DBP) and study adherence

were carried out using independent t-test. Between-

group comparisons of gender distributions and BP

control rates were carried out using Chi square.

Comparisons of within-group changes in the SBP

and DBP, and number of  antihypertensive during

the interventions were carried out using paired t-test

with Bonferroni correction for multiple comparisons.

Repeated measure ANOVA was utilised to determine

the effect of  exercise on SBP, DBP and number of

antihypertensive drugs with age, body mass index,

percent body fat and adherence used as covariates.

Intention-to-treat analysis was used.

The sample size of 120 for this trial was

estimated based on BMI, which has the least possible

change from physical exercise among the variables

measured. The standard difference of variable was

estimated to be 0.60, and percentage point of

normal distribution for statistical significance level

at 95% confidence interval was 1.96. Percentage

point of  normal distribution for statistical power at

80% was 0.8416. About 30% drop-out rates were

envisaged and this was considered to arrive at the

sample size.

Results
Physical characteristics of participants

Table 1shows physical characteristics of  63 middle-

aged (exercise: 50.38±8.4 years; control: 55.3±8.1

years) and overweight (exercise: 28.4±4.9 kg/m2;

control: 26.0±4.1 kg/m2) participants. The exercise

and control groups were not similar only in age (p=

0.020), BMI (p=0.041) and per cent body fat

(p=0.011) at baseline (table 1). The distributions of

participants across gender were not different

between the two groups (p=0.641).

Table 1: Characteristics of  participants

                                                Exercise (n=32)        Control (n=31)

                                                Mean ± S.D            Mean ± S.D           p-value

Age  (yrs)                                  50.38±8.39                52.32±8.06            0.020*

Height (m)                                 1.62±0.09                 1.63±0.09              0.436

Body weight (kg)                        73.52    10.58            69.07±10.90          0.120

Body mass index (kg/m2)            28.36±4.91               25.96±4.10            0.041*

Percent body fat (%)                   39.33± 6.85              34.1± 8.53             0.011*

Waist circumference (cm)             97.36±12.77             92.61±11.44           0.129

Systolic BP (mmHg)                    155.09±9.07             159.10±12.64         0.153

Diastolic BP (mmHg)                  91.13±9.28               91.26±12.06           0.961

*=significant
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Blood Pressure
When comparisons were made among the SBP

values at different periods of  intervention,

Bonferonni correction was carried out to adjust for

effect of multiple analyses, and this reduced the

significance level (á) to 0.005. There were significant

differences across the periods in exercise group

(p=0.000 to 0.002) except between week 2 and week

3, and from week 3 to week 5 (figure 1).  In the

control group, significant differences were observed

only between week 1and week 2 (p=0.002) and

week 1 and week 5 (p=0.001) (figure 1). For the

DBP in the exercise group, significant differences

were observed between week 1 and week 3

(p=0.000), week 1 and week 4 (p=0.000), week 1

and week 5 (p=0.000) and between week 2 and week

3 (p=0.003), whereas in the control group, significant

differences were observed between week 1 and week

3 (p=0.001), week 1 and week 4 (p=0.000) and week

1 and week 5 (p=0.001) (figure 2). After controlling

for some covariate, there was no significant change

in SBP (-14.03 mmHg; p=0.064) and DBP (-8.04

mmHg; p=0.106) between the two groups. Also,

the BP control rates between the exercise (56.7%)

and control (35.5%) groups was similar (X2=3.18;

p=0.075).
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Figure 2: Systolic blood pressure of  participants at different periods of  the interventions
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Figure 3: Diastolic BP of  participants at different periods of  the interventions

Number of drug

There was no change in number of antihypertensive

drugs across the invention periods in the exercise

group (-0.12; P=0.083) and the control group (-0.07;

P=0.334). Between-group difference in changes in

number of antihypertensive drugs was not significant

(-0.016; P=0.511).

Study adherence

Adherence to intervention was similar between the

two groups (exercise: 76.97±16.50%; control:

p=73.33±27.23%) (p=0.529).



African Health Sciences Vol 13  Issue 1 March  2013 7

Figure 4: Pattern of  BP control in the exercise

and control groups

Discussion
The objectives of  this study were to determine the

possible additive reducing effect of aerobic exercise,

as an adjunct to drug therapy, on BP and number

of  drugs. Although the BP-lowering effect of

aerobic exercise training has been well

established17,21,22,  its effect on BP control in individuals

with hypertension treated with drug therapy but

without adequate control is not readily available in

the literature. In the present preliminary study, we

found that there was no between-group difference

in the effects of  the two interventions on SBP and

DBP. However, BP control rate tended to be higher

in the exercise group than the control group after

the 12-week intervention. Further, the two groups

demonstrated significant reductions in SBP and DBP

at some periods of  the interventions, although, being

more widespread in the exercise group.

There seems to be a dearth of studies

examining the possible additive BP-reducing effects

of aerobic exercise training to antihypertensive-drug

in human being. In a laboratory study, Azevedo et

al25 examined the effect of lorsatan combined with

exercise training in spontaneously hypertensive rats.

They found that lorsatan combined with exercise

training had no additional reducing effect on BP

compared with lorsatan alone. Also, Minami et al26

examined possible additive BP-reducing effects of

exercise training, as an adjunct therapy to beta blocker

(bisoprolol), in spontaneously hypertensive rats. They

found no additive effect of exercise training to BP-

reducing effects of bisoprolol. Apart from these

laboratory studies, Kelemen et al23 also investigated

possible additive BP-reducing effects of

antihypertensive-drug therapy on exercise training in

individuals with a history of hypertension. In their

study, individuals who were on exercise alone were

compared with those on exercise combined with

either Propanol Hydrochloride or Diltiazem

Hydrochloride. The authors reported that the

individuals on exercise alone had no significant change

in their BP compared with those on antihypertensive

drug combined with exercise after 10-week weight

training. Similarly, Radaelli et al24 evaluated whether

beta-blocker treatment could enhance the BP-

reducing effects of a mild physical training

programme. They reported findings similar to that

of Kelemen et al23. Despite the reports of BP

reduction following aerobic exercise training15,16, only

a few patients receive exercise counselling to help

lower BP and improve health outcomes.29 Apart

from the reducing effect on BP, aerobic exercise also

has collateral effects on cardiovascular risk factors30,

and thereby reduce the risk of target organ damage.

Based on the tendency of aerobic exercise to reduce

SBP and the number of antihypertensive drugs in

this study, it is required of  healthcare providers to

encourage the use of aerobic exercise as an addition.29

This is in view of the additional findings of tendency

of more participants in the exercise group (56.7%)

than in the control group (35.5%) attained adequate

BP control (<140/90mmHg) post-12-week

interventions. Previous studies had reported BP

control rates ranging from 28.9% to 48.7% in studies

on drug therapy alone9,31,32 with a median of 30.5%.31

Blood-pressure monitoring during the

intervention showed that the greatest reduction in

BP in the two groups occurred in the first six weeks.

A previous report had indicated that a significant

effect on BP could be achieved by the eighth week

of  exercise training.33 The finding of  a shorter period

of achieving a significant BP reduction in the present

study may be attributed to the involvement of

antihypertensive drug therapy which may fasten the

BP reduction.

Notwithstanding the findings in this

preliminary study, it will be premature to make a

conclusion from this study. By the time the study is

concluded, the results may change with a larger

sample size. However, certain limitations in this study

need to be noted. Although the average compliance

rates in both groups were over 70%, many

participants in the two groups did not complete the

12-week intervention periods, and this may affect

the overall outcome of  the study. Further, the drugs

used in this study were limited to Amlovar (a brand
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of  amlodipine) and Normoretic (a brand of

diuretic), and the findings in this study may not be

extrapolated to other drug brands. This preliminary

report presents findings from a smaller sample size

than calculated for the study. Although previous

studies on exercise and BP17,18,21 had used similar and

even smaller sample sizes but with findings of

significant reductions in SBP and DBP.

Conclusion

The findings of no between-group difference in the

present intervention, may be due to employment

of  two potent interventions, which may have a small

difference in their effects on BP, and which may

require a larger sample size to detect it. Therefore, it

would be premature to draw a definitive conclusion

from the findings in this study.
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