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Background: Comparative cardiovascular responses to treadmill and bicycle ergometer 

(bike) exercise tests in hypertensive Nigerians are not known. This study compared cardiovas-

cular responses to the two modes of exercise testing in hypertensives using maximal exercise 

protocols.

Methods: One hundred and ten male subjects with mild-to-moderate hypertension underwent 

maximal treadmill and bike test one after the other at a single visit in a simple random manner. 

Paired-sampled t-test was used to compare responses to both exercise tests while chi-squared 

test was used to compare categorical variables.

Results: The maximal heart rate (P,0.001), peak systolic blood pressure (P=0.02), rate pres-

sure product (P,0.001), peak oxygen uptake (P,0.001), and exercise capacity (P,0.001) in 

metabolic equivalents were significantly higher on the treadmill than on the bike.

Conclusion: Higher cardiovascular responses on treadmill in Nigerian male hypertensives in 

this study, similar to findings in non-hypertensives and non-Nigerians in earlier studies, suggest 

that treadmill may be of better diagnostic utility in our population.
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Introduction
Hypertension remains a common cause of morbidity and mortality worldwide.1 Studies 

have shown that low-to-moderate intensities of exercise (35%–79% of age-predicted 

maximum heart rate) not only can reduce systolic blood pressure (SBP) by 3.5–10.5 mmHg 

but can also decrease cardiovascular (CV) morbidity and mortality.2 The mechanism 

through which exercise exerts these effects is not completely understood, but it appears 

to be largely related to vascular regulation, especially, reduction in total peripheral resis-

tance, as a result of neurohormonal, vascular, and genetic adaptations. Other proposed 

mechanisms include inflammation as well as lipid, insulin, and glucose metabolism.3

Hypertensive patients will benefit from performing low-to-moderate intensity 

dynamic exercises, such as walking, running, and cycling on a daily basis.3 Exercise 

takes several forms, but the two most common modes of formal exercise testing are the 

treadmill walking or running and bicycle ergometry. It is also important to diagnose 

abnormal CV responses that may not be present at rest, which may lead to morbidity 

and mortality.4,5 Studies on the comparison of exercise responses on treadmill and bike 

have been largely among healthy subjects, coronary artery disease (CAD) and heart 

failure patients.5 These studies have been extrapolated to hypertensives because there 

are no universally accepted guidelines on exercise testing directed specifically toward 

assessing and managing hypertensive patients.6
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Exercise testing is also indicated for individuals with 

multiple CV risk factors and asymptomatic individuals above 

40 years who intend to start an exercise program to determine 

fitness.7 Many hypertensives fit into this picture, and are at 

increased risk of sudden cardiac death if they engage in 

strenuous exercise.8 In our environment, hypertension is the 

commonest cause of sudden cardiac death.9 We hypothesize 

that in our environment, treadmill and bike exercises will be 

equally useful in eliciting cardiac and vascular responses, 

abnormalities of which may predispose patients to sudden 

death. To test this hypothesis, we compared CV responses 

to the two modes of exercise tests.

Subjects and methods
This study was carried out at the cardiac care unit of 

Obafemi Awolowo University Teaching Hospitals Complex 

(OAUTHC), Ile-Ife, Osun State, Nigeria. One hundred and 

ten male subjects with mild-to-moderate hypertension10 diag-

nosed at the cardiology clinic were consecutively recruited 

for the study. They had routine history taking, physical 

examination, biochemical tests, 12-lead resting electrocardi-

ography, and transthoracic echocardiography. Subjects were 

on diuretics, calcium channel blockers (dihydropyridines), 

angiotensin converting enzyme inhibitors, beta blockers, 

angiotensin receptor blockers, and centrally acting antihy-

pertensives, either alone or in combinations.

Subjects with heart failure, severe hypertension, 

secondary hypertension, contraindications to exercise 

testing, trained athletes, and conditions that may impair 

exercise testing were excluded from this study. Very few 

female subjects volunteered for the study, so males alone 

were used.

They were then exercised on a bike (Lode, Groningen, the 

Netherlands) and treadmill (Schiller CS-200, Schiller AG, 

Baar, Switzerland) during one visit. To control for a potential 

exercise mode order effect, subjects were assigned an exercise 

mode sequence in a random manner. Subjects commenced 

the second mode after they had rested well (20–30 minutes) 

and when the heart rate (HR) and blood pressure (BP) had 

returned to within ±5 of resting values.11

Ethical clearance for the study was obtained from the 

Ethics and Research Committee of the Obafemi Awolowo 

University Teaching Hospitals Complex (Ile-Ife, Nigeria) 

and participants gave informed consent.

The exercise laboratory and equipment conformed to the 

standard specifications for exercise testing.12 A GE cardios-

erve defibrillator (GE Healthcare Europe GmbH, Freiburg, 

Germany) equipped with a portable electrocardiography 

monitor and emergency care medications were provided. 

Subjects had a demonstration and practiced treadmill walk-

ing and leg cycling.

Astrand maximal cycle test protocol was used for bike 

test while the Bruce protocol was used for treadmill test.5,13 

Subjects commenced exercise at 50 W workload after the 

bike height had been adjusted. The work load was increased 

by 25 W every 3 minutes and the pedal speed remained 

constant throughout the exercise at 50 revolutions per min-

ute (rpm).5 The treadmill was conducted in six stages, each 

stage lasting 3 minutes at a progressive speed of 2.74, 4.02, 

5.47, 6.76, 8.05 kmph, to 8.85 kmph and at a progressively 

increased gradient of 2% per stage from 10%.5,13

Subjects continued to exercise until completion of exer-

cise or till an indication for cessation of exercise was reached, 

such as request that exercise be terminated, development 

of chest pain, undue breathlessness, dizziness or fainting, 

SBP .250 mmHg, a drop in the pre-test SBP .10 mmHg, 

and electrocardiographic changes necessitating termination 

of exercise.7

The HR and BP were monitored and recorded pre-

exercise, during the last 30 seconds of each stage of exercise, 

and 1, 3, and 6 minutes postexercise. The BP was measured 

using a mercury sphygmomanometer (Accuson, Kris-Alloy, 

England) in the upright position while the HR was displayed 

on the digital HR meter.

The American College of Sports Medicine (ACSM) 

formula14 was used to calculate peak oxygen uptake (VO
2
) 

for bicycle ergometry: power in kpm × 1.8/body weight in 

kg + 7. VO
2
 was estimated using the ACSM formula14 for 

treadmill (TM) exercise:

	 (0.1 × speed) + (1.8 × speed × grade) + 3.5.

Exercise capacity (EC) for both exercise modes was 

calculated using the following formula:

	 EC in metabolic equivalents (METs) = VO
2
 ÷ 3.5.14

Data analysis
Data was analyzed using the SPSS version 16 software. 

Categorical variables were expressed as proportions and 

percentages while continuous variables were expressed as 

means ± standard deviation or as ranges. Statistical analysis 

was by paired-sampled t-test to compare maximal heart rate 

(MHR), peak systolic blood pressure (PSBP), rate pressure 

product (RPP), and maximal EC on treadmill and bike 

exercises. Chi-squared test was used to compare categorical 

variables. P,0.05 was taken as statistically significant.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Integrated Blood Pressure Control 2015:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

53

Exercise tests in Nigerian hypertensives

Results
The descriptive characteristics of the study participants 

are shown in Table 1. The mean age of patients was 

43.7±9.27 years (range between 21 and 60 years), with a 

mean duration of hypertension (from the time of diagnosis) 

being 51.0±4.88 months.

Table 2 shows the comparison of CV responses to the two 

exercise modalities in the study population. Subjects signifi-

cantly exercised longer on bike (558.6±90.84 s) than on the 

treadmill (508.8±79.80 s) (P=0.002). The MHR (156.4±19.48 

bpm) and MHR expressed as percentage of age predicted 

(%THR) (88.3%±9.13%) on treadmill were significantly 

higher than on bike (140.5±15.25 bpm and 78.8%±10.49%) 

(P,0.001). Also, subjects achieved significantly higher 

PSBP of 205.3±24.92 mmHg on treadmill compared with 

199.5±24.96 mmHg on bike (P=0.02).

In these subjects, the RPP was significantly higher for 

mode of exercise on treadmill at 322.0±61.27 mmHg⋅bpm 

× 10−2 compared to 280.3±46.11 mmHg⋅bpm × 10−2 on bike 

(P,0.001).

The peak oxygen uptake (VO
2
 max) (69.3±18.59 mL/min/

kg on treadmill vs 21.8±4.73 mL/min/kg on bike [P,0.001]) 

and EC (19.8±5.31 METs on treadmill compared with 

6.2±1.35 METs [P,0.001] on bike) were all significantly 

higher on treadmill.

The mean heart rate recovery at 1 minute postexer-

cise (HRR1) did not show any difference on the treadmill 

(29.4±17.44 bpm) compared with bike (29.2±13.49 bpm) 

(P=0.93). Twelve subjects (10.9%) had abnormal heart rate 

recovery at 1 minute (AHRR1) postexercise during both 

exercises.

Table 3 shows exaggerated BP response (EBPR) among 

subjects. The occurrence of EBPR during both exercise tests 

was similar.

Discussion
Exercise test responses on treadmill and bike have been 

compared in normal subjects and CAD patients, and extrapo-

lations have then been made to hypertensives.5,6 This work 

showed a significantly higher MHR, RPP, PSBP, and VO
2
 

max during maximal treadmill exercise compared with bike 

in these hypertensive Nigerian subjects. This agrees with 

previous work in the same exercise laboratory with similar 

exercise protocol but in healthy young male subjects.5 In 

India, Kisan et al15 using submaximal exercise protocols exer-

cised 21 normal male subjects and found significantly higher 

PSBP of 144.1±4.0 mmHg and MHR of 161.7±14.2 bpm 

during treadmill exercise compared with 127.1±6 mmHg and 

Table 1 Descriptive characteristics of the study population

Variables Mean ± SD

Age (years) 43.7±9.27
DOH (months) 51.0±4.88
PA, n (%) 34 (30.9%)
BMI (kg/m2) 26.3±4.66
Family history of hypertension 54 (49.1%)
rHR (b/m) 79.8±12.00
rSBP (mmHg) 126.5±15.10
rDBP (mmHg) 85.0±10.50
RBS (mmol/L) 5.3±0.82
TC (mmol/L) 5.6±0.66
LVH (ECG) 48 (43.6%)
LVMI (g/m2) 105.9±16.60
Medications, n (%) 90 (81.8%)

Notes: Unless otherwise stated, results are expressed in mean ± standard deviation; 
n is expressed in frequency.
Abbreviations: SD, standard deviation; DOH, duration of hypertension from 
time of diagnosis; PA, proportion of subjects physically active; BMI, body mass 
index; rHR, resting heart rate; rSBP, resting systolic blood pressure; rDBP, resting 
diastolic blood pressure; RBS, random blood sugar; TC, total cholesterol; LVH, left 
ventricular hypertrophy; LVMI, left ventricular mass index.

Table 2 Comparison of exercise parameters in mild-to-moderate 
hypertensive subjects

Variable Treadmill Bicycle  
ergometer

P-value

DOE (secs) 508.8±79.80 558.6±90.84 0.002*
rHR (bpm) 84.3±14.30 81.5±13.09 0.07
rSBP (mmHg) 126.8±15.48 125.7±15.56 0.45
rDBP (mmHg) 86.8±10.50 85.6±10.58 0.09
MHR (bpm) 156.4±19.48 140.5±15.25 ,0.001**
%THR (%) 88.3±9.13 78.8±10.49 ,0.001**
PSBP (mmHg) 205.3±24.92 199.5±24.96 0.02*
PDBP (mmHg) 72.9±12.61 72.8±11.77 0.93

RPP (mmHg⋅bpm × 10-2) 322.0±61.27 280.3±46.11 ,0.001**
VO2 (mL/min/kg) 69.3±18.59 21.8±4.73 ,0.001**
EC (METs) 19.8±5.31 6.2±1.35 ,0.001**
HRR1 (bpm) 29.4±17.44 29.2±13.49 0.93
AHRR1, n (%) 12 (10.9%) 12 (10.9%) 0.24

Notes: Unless otherwise stated, values are expressed as mean ± standard deviation. 
*Statistically significant with P-value ,0.05; **statistically significant with P-value 
,0.001.
Abbreviations: DOE, duration of exercise; rHR, resting heart rate; rSBP, resting 
systolic blood pressure; rDBP, resting diastolic blood pressure; MHR, maximal 
heart rate; %THR, maximum heart rate expressed as percentage of age predicted; 
PSBP, peak systolic blood pressure; PDBP, peak diastolic blood pressure; RPP, rate 
pressure product; VO2, peak oxygen uptake; EC, exercise capacity; METs, metabolic 
equivalents; HRR1, heart rate recovery at 1 minute postexercise; AHRR1, abnormal 
heart rate recovery at 1 minute postexercise.

Table 3 Exaggerated blood pressure response among subjects

Test Treadmill, n (%) Ergometer, n (%) P-value

EBPR 22 (20%) 21 (19.1%) 0.87
NEBPR 88 (80%) 89 (80.9%) 0.87

Abbreviations: EBPR, exaggerated blood pressure response (SBP .230 mmHg); 
NEBPR, no exaggerated blood pressure response; SBP, systolic blood pressure.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Integrated Blood Pressure Control 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

54

Abiodun et al

129.9±9.3 bpm, respectively, on the bike. Similarly, using 

maximal protocols, others have reported higher MHR16–18 and 

VO
2
 max18–21 on the treadmill. While Wicks et al18 reported 

higher MHR and VO
2
 on the treadmill than the bike, they 

did not find a difference in the RPP between the two tests 

because of higher SBP on the bike, in contrast to our study. 

This is similar to the work by Kim et al22 who exercised 15 

apparently healthy Koreans. They found higher PSBP and 

RPP but lower MHR and VO
2
 max on the bike compared 

with the treadmill. The higher PSBP by Kim et al22 may be 

the result of higher exercise intensity from a pedaling cadence 

of 70 rpm compared to 50 rpm used in our study, leading 

to greater upper body isometric contraction and lower body 

intramuscular tension.11 Also, with our sample size of 110 

subjects, compared to 15 by Kim et  al,22 our findings are 

likely to be more reliable.

The higher CV responses on the treadmill in this study 

may be the result of large interstage increments in work 

and increased oxygen costs of running from stage III. The 

treadmill therefore imposes more hemodynamic stress on 

the myocardium than the bike. Because of higher MHR 

on the treadmill, the treadmill has been reported to be 

more sensitive in diagnosing CAD than the bike test.17 

In this work, direct estimation of VO
2
 max was not done 

because it requires expensive and time-consuming measur-

ing equipment. However, an indirect method using ACSM 

formula was used and is considered an acceptable predictor 

of VO
2
 max.14,23

In an earlier study in normal subjects from the same 

exercise laboratory, subjects exercised significantly longer 

on treadmill than on bike.5 However, in this hypertensive 

population, we observed that the subjects exercised longer on 

bike than treadmill. This difference may be explained by the 

familiarity of the hypertensive population with cycle riding as 

most of them reported to have ridden the bicycle well in the 

past. Also, exhaustion significantly limited treadmill exercise 

in this study than it limited cycle ergometry, and this may 

have also contributed to the longer duration on bike.

AHRR1 refers to a relatively slow deceleration of HR 

following exercise cessation. It is the abnormal difference 

of ,12 bpm between the MHR and HR a minute after ces-

sation of exercise. This type of response reflects decreased 

vagal tone and is associated with increased mortality.24 It has 

been suggested as a useful addition to the criteria currently 

used to assess exercise stress test results.25 This study showed 

no difference in the AHRR1 in hypertensives during the two 

exercise tests. Hence, both exercise tests can be used to assess 

prognosis of hypertensives using AHRR1.

Abnormal BP responses to exercise have diagnostic 

and prognostic values in normotensives.26,27 In hypertensive 

subjects, BP during exercise greater than 200–230 mmHg 

has been found to be associated with mortality from CV 

disease.28–30 Mundal et al28 reported findings linking an exag-

gerated increase in SBP greater than 200 mmHg at submaxi-

mal exercise with increased mortality in hypertensive patients 

from myocardial infarction, cerebral stroke, and sudden death. 

Also, Filipovsky et al29 showed that the risk of death from CV 

disease increased by 60% in subjects whose SBP was greater 

than 230 mmHg. At maximal treadmill workload, Balogun 

and Ladipo30 reported an EBPR prevalence of 45% among 

hypertensive males. The mechanism through which EBPR 

increases CV morbidity and mortality has not been widely 

studied. Chang et al,31 however, suggested that endothelial 

dysfunction and impaired vasodilatory capacity of the periph-

eral vasculature may be the mechanisms. The prevalence of 

EBPR in this study during treadmill and cycle ergometry 

was similar at 20% and 19.1%, respectively, but lower than 

previously observed. This may be the result of improved 

BP control from the use of more effective antihypertensive 

medications either singly or in combinations, and improved 

awareness of the dangers of HBP now. In this study, most 

of the patients were on diuretics, calcium channel blockers, 

and angiotensin converting enzyme inhibitors. Hypotension 

during or after exercise is usually seen in subjects with 

myocardial ischemia, cardiomyopathy, cardiac arrhythmias, 

vasovagal reactions, left ventricular outflow tract obstruction, 

hypovolemia, and prolonged vigorous exercise.13 None of our 

subjects had hypotension during or after exercise. Also, none 

had life-threatening exercise-induced arrhythmias.

Limitation of study
This study can be considered a male study, and responses 

may not be generalized to females.

Conclusion
This study shows that overall, CV responses are higher on 

treadmill than on the bike in mild-to-moderate hypertensive 

Nigerian male patients. This suggests that treadmill may be 

of better diagnostic utility in mild-to-moderate hypertensive 

patients. We also suggest that either exercise test is safe to 

assess mild-to-moderate hypertensive patients prior to start-

ing an exercise program. Follow-up of patients with abnormal 

CV responses in this study is imperative to ascertain their 

impact on CV morbidity and mortality. Many individuals 

cannot afford personal or communal exercise machines for 

their own exercise program. Efforts should be made by the 
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government to put in place policies and infrastructures that 

will promote increased physical activity in communities 

and workplace.
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