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Effects of Continuous and Interval
Training Programs in the Management
of Hypertension: A Randomized
Controlled Trial

Sikiru Lamina, BSC, MSC, PhD

The purpose of the present study was to determine
and compare the effect of interval and continuous
training programs in the management of hyperten-
sion. Three hundred fifty-seven male patients with
essential hypertension were age matched and
grouped into interval, continuous, and control
groups. The interval (n=140; 58.90�7.35 years)
and continuous (n=112; 58.63�7.22 years) groups
were involved in 8 weeks of interval (60%–79%
maximum heart rate) and continuous (60%–79%
maximum heart rate) programs of between 45 to
60 minutes, while the control group (n=105;
58.27�6.24 years) remained sedentary during this
period. Findings of the study revealed significant
effect of both training programs on maximum
oxygen consumption, systolic blood pressure, dia-
stolic blood pressure, heart rate, pulse pressure,
and mean arterial pressure at P<.05. The maxi-
mum oxygen consumption significantly and nega-
tively correlated with systolic blood pressure,
diastolic blood pressure, rate–pressure product,
pulse pressure, and mean arterial pressure at
P<.01. It was concluded that both training

programs are effective adjunct nonpharmacologi-
cal management of hypertension. The recommen-
dation of the paper was that both interval and
continuous training programs should form part of
the kit in the management of hypertension. J Clin
Hypertens (Greenwich). 2010;12:841–849.
ª2010 Wiley Periodicals, Inc.

It is a well-established fact that a sedentary life-
style contributes to increased risk of cardiovas-

cular disease, especially hypertension. Indeed
hypertension is a major independent risk factor
for cardiovascular and renal disease, increasing
the risk of myocardial infarction, stroke, and
heart failure. Hypertension and its complications
are largely responsible for morbidity and mortal-
ity of all age groups.1,2 Despite the well estab-
lished benefit of blood pressure (BP) reduction in
reducing the risk of these clinical events, the rate
of BP control remains poor.3 Drug therapy
remains the mainstay of hypertension manage-
ment. However, antihypertensive drugs are not
without their side effects and long-term complica-
tions. The difficulty of accepting lifelong drug
therapy and the high cost of drugs has led to the
development of interest in searching for adjunct
nonpharmacological management. One of these
approaches includes therapeutic exercise.4–10

Many studies11–19 have shown that exercise train-
ing lowers BP in hypertensive patients. Exercise scien-
tists, physiotherapists, and other health-related
professionals have used various training methods to
evaluate these physiological changes. Two of these
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methods of training are widely used and they are fre-
quently labeled as continuous, which includes exer-
cise preformed at low to moderate intensities without
rest intervals, and interval exercise which consists of
a repeated series of exercise bouts with intervening
rest periods.15,16 Although there appears to be a gen-
eral agreement regarding the fact that both continu-
ous and interval training programs can beneficially
alter many physiological parameters, there is still con-
troversy regarding the level and format of exercise,
particularly intensities that can yield optimal benefi-
cial effects, particularly in hypertension.17,18 Also,
only a few studies have systematically attempted to
determine which exercise program optimally affects
each of these variables in hypertensive patients, par-
ticularly in older individuals. Therefore the purpose
of the present study was to determine and compare
the therapeutic efficacy of both continuous and inter-
val training programs on cardiovascular parameters
among participants with hypertension.

METHODOLOGY
Research Design
In the present study, age-matched, randomized,
double-blind, independent groups design was used
to determine the influence of the interval and
continuous training programs on cardiovascular
parameters. Participants’ ages were arranged in
ascending order (50–70 years) and then assigned to
interval, continuous, and control groups in an alter-
nating pattern (age matched). A one-week washout
period was established and pretest was adminis-
tered to all participants on the last day of the wash-
out period. Following washout and pretest, all
participants were placed on methyldopa, the inter-
val and continuous groups were involved in interval
and continuous training programs for 8 weeks,
while the control group remained sedentary during
this period. At the end of the training and seden-
tary period, another 1-week washout period was
established, and a posttest was administered to all
participants on the last day of the washout period.

Participants
The study population was male essential hyperten-
sive participants attending the hypertensive clinic at
Murtala Muhammed Specialist Hospital (MMSH),
Kano, Nigeria. Participants were fully informed of
the experimental procedures, protocol, and risk,
after which they gave their informed consent.

Inclusion Criteria
Only those who volunteered to participate in the
study were recruited. Participants between the age

range of 50 and 70 years with chronic, mild-to-
moderate, and stable (>1 year duration) hyperten-
sion (systolic blood pressure [SBP] between 140–
179 mm Hg and diastolic blood pressure [DBP]
between 90–109 mm Hg) were selected. Only par-
ticipants with hypertension who had stopped taking
antihypertensive drugs or were on a single antihy-
pertensive medication were recruited.11 They were
sedentary and had no history of psychiatry or psy-
chological disorders or abnormalities.

Exclusion Criteria
Obese or underweight (body mass index [BMI]
between 20 and 30 kg ⁄m2), smokers, alcoholic, dia-
betic, and other cardiac, renal, and respiratory dis-
ease patients were excluded. Those involved in
vigorous physical activities and above average
physically fit people (maximum oxygen consumption
[VO2 max] >27 and >33 mL ⁄kg ⁄min for over 60
and 50 years old respectively) were also excluded.

A total of 485 chronic and stable, essential,
mild-to-moderate, male patients with hypertension
satisfied the necessary study criteria. Participants
were aged-matched and randomly grouped into
interval (162), continuous (162), and control (161)
groups. They were fully informed about the experi-
mental procedures, risk, and protocol, after which
they gave their informed consent in accordance
with the American College of Sports Medicine
(ACSM) guidelines, regarding the use of human
subjects19 as recommended by the human subject
protocol. Ethical approval was granted by the Ethi-
cal Committee of Kano State Hospitals Manage-
ment Board.

PRETEST PROCEDURE
Washout Period
All participants on antihypertensive drugs were
asked to stop all forms of medication and in their
place, were given placebo tablets (which consisted
of mainly lactose and inert substance) in a single
blind method.20,21 All participants, including those
not on any antihypertensive medications, were
placed on placebo tablets for 1 week (7 days); this
is known as ‘‘washout period.’’ The purpose of the
washout period was to get rid of the effects of pre-
viously taken antihypertensive drugs ⁄medications.
During the washout period all participants were
instructed to report to the hypertensive clinic for
daily BP monitoring and general observation. The
pretest procedure was conducted on the last day of
the washout period in the Department of Physio-
therapy at MMSH, Kano between 8 am and
10 am.
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Physiological Measurement
Participants resting heart rate (HR), SBP, and DBP
were monitored using the right arm as described by
Walker and colleagues22 and Musa and col-
leagues23 using an automated digital electronic BP
monitor (Omron digital BP monitor, Model 11 EM
403c; Tokyo, Japan). These measurements were
taken between 8 am and 10 am each test day.

Anthropometric Measurement
Participants’ physical characteristics (weight [kg]
and height[m]) and body composition (BMI [kg ⁄
m2]) assessment were measured in accordance with
standardized anthropometric protocol.24,25

Stress Test
The Young Men Christian Association (YMCA)
submaximal cycle ergometry test protocol was used
to assess participants’ aerobic power as described by
the ACSM26 and Golding and associates.27 The
YMCA protocol uses 2 to 4 3-minute stages of con-
tinuous exercise; 2 HR-power output data points
were needed (steady state HR) of between 110 and
150 beats ⁄min. The two steady state HR were plot-
ted against the respective workload on the YMCA
graph sheet. A straight line was drawn through the
2 points and extended to the participant’s predicted
maximum HR (220 – age). The point at which the
diagonal line intersects the horizontal predicted
maximum HR (HR max) line represents the maxi-
mal working capacity for the participant (HR max).
A perpendicular line was dropped from this point to
the baseline where the maximal physical workload
capacity was read in kg ⁄min, which was used to
predict the participants VO2 max. This procedure
was done for both pre- and posttest stress test.

TEST PROCEDURE
The test procedure was conducted in the Depart-
ment of Physiotherapy of MMSH, Kano between
8 am and 10 am.

Training Program
Following the stress test and prior to the exercise
training, all participants in the control, interval,
and continuous groups were reassessed by the phy-
sician and were prescribed with methyldopa as nec-
essary. Participants maintain these prescriptions
with regular medical consultation and observation
throughout the period of training.

The Interval Group (Group 1)
Participants in the interval group exercised on a
bicycle ergometer at a moderate intensity of

between 60% and 79% of their HR max reserve
that was estimated from 220 minus the age of a
participant (220 – age) as recommended by the
ACSM.14 The duration of the exercise session was
45 minutes in the first 2 weeks of training.
This duration was then gradually increased to 60
minutes in the remaining part of the training.14

Exercise sessions 3 times per week were maintained
throughout the 8-week period of training for the
interval group.

The Continuous Group (Group 2)
The starting workload was 100 kg ⁄min (17 watts)
which was increased at a pedal speed of 50 rpm to
obtain the starting point of HR max 60%, which
was increased in the first 2 weeks to 79% HR max
and maintained throughout the remaining part of
the training period. The duration of the exercise
session was 45 minutes in the first 2 weeks of train-
ing; the duration was then gradually increased to
60 minutes in the remaining part of the training.

The Control Group (Group 3)
Participants in the control group were instructed
not to undertake any vigorous physical activity dur-
ing the 8-week period of study.

During the training and sedentary period
(8 weeks) all participants were placed on methyl-
dopa according to their prerecruitment doses and
responses of 250 and 500 mg daily. Methyldopa
was preferred because it does not alter normal
hemodynamic responses to exercise.28 It is well tol-
erated and the highest prescribed antihypertensive
drug in Nigeria,29 particularly Northern Nigeria
where the study was conducted, and it is also use-
ful in the treatment of mild to moderately severe
hypertension.30

POSTTEST PROCEDURE
Washout Period
At the end of the 8-week training and sedentary
period, all participants were asked to stop methyl-
dopa and participants were prescribed placebo tab-
lets in a single blinded method for 1 week in order
to rid the effect of the methyldopa taken during the
training period.

Post training physiological (SBP, DBP, HR, rate–
pressure product (RPP), pulse pressure [PP], and
mean arterial pressure [MAP]) assessment and
stress test were conducted as earlier described in
the pretest procedures using standardized protocols,
techniques, and methods.

All pre- and posttest measurements were
recorded on a data sheet. Three hundred fifty-seven
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participants (140 from interval, 112 continuous,
and 105 from control group) completed the 8-week
training program. One hundred twenty-eight partic-
ipants (22 from interval, 50 from continuous, and
56 from control group) dropped out because of
noncompliance, unfavorable responses to methyl-
dopa and exercise training, or had incomplete data;
therefore, the data of 357 participants were used in
the statistical analysis (Figure 1).

Statistical Analysis
Following data collection, the measured and
derived variables were statistically analyzed. The
descriptive statistics (mean and standard deviation
[SD]) of the participants’ physical characteristics,
estimated VO2 max, and other cardiovascular
parameters were determined. Analysis of variance

(ANOVA), Turkey and Pearson product-moment
correlation tests were computed for the variables
of interest. In the ANOVA and correlation tests,
the difference between participants post-training
and pre-training measurements (changed score)
were used as dependent measures. All statistical
analysis was performed on a Toshiba compatible
microcomputer using the statistical package
for the social science (SPSS), (Windows Version
16.0; Chicago, IL). The probability level for all
of the above tests was set at .05 to indicate
significance.

RESULTS
The participants’ ages ranged between 50 and
70 years. Mean age, height, weight, and BMI � SD
for the interval group were 58.63�7.22 years,

Figure 1. Study design flow chart.
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173.16�6.97 cm, 67.49�10.16 kg, and 22.48�
2.89 kg ⁄m2, respectively; 58.40�6.91 years, 167.78�
7.81 cm, 70.18�11.37 kg, 24.96�3.88 kg ⁄ m2,
respectively for the continuous group; and 58.27�
6.24 years, 167.89�5.31 cm, 68.47�17.07 kg,
24.16�4.91 kg ⁄ m2, respectively for the control
group. There was no significant age difference in
groups (F=0.245, P=.783).

Participants’ mean and standard variation val-
ues for both pre- and posttest values are depicted
in Table I. Table II shows ANOVA and changed
score values. The results indicated a significant dif-
ference in groups SBP, DBP, HR, RPP, PP, MAP,
and VO2 max at P<.05. Tukey’s Honestly Signifi-
cantly Different (HSD) test indicated significant
differences in all groups’ paired cardiovascular
parameters.

Pearson correlation results indicated negative sig-
nificant correlation between changes in VO2 max
and changes in other parameters; SBP (r=)0.199),
DBP (r=)0.232), HR (r=)0.326), RPP (r=)0.395),
PP (r=)0.140), and MAP (r=)282), for the interval
group at P<.01 (Figure 2).

DISCUSSION
VO2 max
The present study revealed considerable changes in
estimated VO2 max in experimental groups over
control group. In the experimental groups, the
interval group indicated a significant increase in

Table I. Groups’ Mean (X) and Standard Deviation (SD) (N=357)

Variables

Interval Group X�SD Continuous Group X�SD Control Group X�SD

Pretest Posttest Pretest Posttest Pretest Posttest

SBP (mm Hg) 166.05�14.10 150.35�16.67 168.81�12.73 154.38�12.63 160.87�12.23 163.47�14.88
DBP (mm Hg) 96.80�3.38 94.98�5.04 100.63�7.06 94.44�8.77 97.17�1.43 96.10�2.67
HR (beats ⁄ min) 85.05�10.26 76.83�8.51 82.25�10.23 70.78�9.82 82.60�22.62 80.50�21.99

VO2 max (mL ⁄ kg ⁄ min) 23.62�9.15 37.46�7.45 20.69�12.49 28.68�13.60 21.23�5.76 22.82�7.44
RPP (mm Hg �
beats ⁄ min)

1.41a�2.28b 1.15a�1.6b 1.40a�1.9b 1.13a�2.6b 1.34a�4.46b 1.32a�4.25b

PP (mm Hg) 69.25�13.29 55.38�14.88 72.88�13.45 63.00�21.83 63.79�12.21 67.37�14.12
MAP (mm Hg) 119.65�5.85 113.25�7.73 121.61�8.83 115.61�10.87 118.19�5.12 118.33�5.79

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure; RPP,
rate–pressure product; SBP, systolic blood pressure; VO2 max, maximum oxygen consumption . a� 104, b� 103.

Table II. ANOVA and Groups’ Changed Score Values

Variables Interval Continuous Control F Value P Value

SBP (mm Hg) )16.40�13.16 )13.94�12.60 2.61�7.85 119.345 .000a

DBP (mm Hg) )4.01�4.34 )7.41�6.27 )1.07�1.76 53.171 .000a

HR (beats ⁄ min) )8.23�8.85 )11.47�12.36 )2.10�9.46 23.325 .000a

VO2 max (mL ⁄ kg ⁄ min) 13.85�9.94 7.99�6.62 1.59�5.54 285.429 .000a

RPP (mm Hg � beats ⁄ min ) )2.60b�70c )2.72b�.04c )1.8b�1.4c 49.266 .000a

PP (mm Hg) )13.88�13.81 )9.89�25.03 3.67�8.60 33.168 .000a

MAP (mm Hg) )6.40�5.77 )6.00�13.11 0.15�2.46 33.429 .000a

Abbreviations: ANOVA, analysis of variance; DBP, diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP,

pulse pressure; RPP, rate–pressure product; SBP, systolic blood pressure; VO2 max, maximum oxygen consumption.
aSignificant, P<.05; b� 104; c� 103.

Figure 2. Correlation between training changes in
maximum oxygen consumption (VO2 max) and blood
pressure (BP) and heart rate (HR) (N=252). DBP
indicates diastolic blood pressure; SBP, systolic blood
pressure.
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VO2 max above the continuous group. Result of
the present study is consistent with the study of
Smith and colleagues31; they investigated the effect
of aerobic exercise and weight reduction interven-
tion on 133 sedentary hypertensive men and
women. Participants were grouped into an aerobic
group, an aerobic group with weight reduction,
and a control group. Participants engaged in a 6-
month treatment period. They reported a significant
improvement in aerobic capacity in the treatment
groups compared to the control group.

A recent study conducted by Jones and col-
leagues32 that agrees with the present study exercised
35 participants (22 Caucasians and 13 African Ameri-
cans) for 6 months. Their report indicated that
aerobic exercise significantly increased participants
maximal aerobic consumption (from 24�08 to
28�1 mL ⁄kg ⁄min) at P<.001. The present finding is
also consistent with the report of Mughal and col-
leagues,33 who studied the effect of aerobic exercise in
patients with essential hypertension. Twenty stage 1
and 2 hypertensives participated in a 12-week endur-
ance ergometer program at 50% VO2 max, 3 to
5 times ⁄week for 30 minutes. They reported signifi-
cant increase in VO2 max at P<.05. Dengel and asso-
ciates34 conducted a study on the effect of physical
training on maximum aerobic capacity. Thirty-one
(63�1 years) hypertensive (153�2 ⁄88�1 mm Hg)
individuals participated in a 6-month aerobic exercise
training program at 75% VO2 max, 3 times weekly
for 40 minutes. They reported a significant increase
in maximal aerobic capacity (VO2 max: 18.3�3.8
vs output of 20.7�4.2 mL ⁄kg ⁄min, at P<.017).
Despite these outstanding results, the limitation of the
2 studies, however, was lack of control groups.

Another related study was conducted by Ferrier
and colleagues,35 investigating the effect of aerobic
exercise on VO2 max and maximum workload.
Twenty (10 men and 10 women) participants with
isolated systolic hypertension (ISH) aged (64�7)
and 20 age- (64�7) and sex-matched normal (con-
trol) control participants were recruited. Participants
were involved in a randomized crossover study of
moderate-intensity exercise (60% HR max) for
40 minutes, 3 times ⁄week for 8 weeks followed by
another 8 weeks of sedentary activity. They
reported a significant increase in VO2 max by
13%�5% (P=.04) and workload increase by 8�4
(P=.05) ISH patients in the ISH group. The prob-
able reasons for the significant effect of interval
training in the continuous and control groups might
be due to the ability of intermittent exercise to
intermittently overload the heart for a brief period
beyond that which could be achieved during a

single continuous bout at the same intensity. Also,
the alternate work and rest periods in the interval
training are proposed to allow for more cardio-
vascular work to be accomplished in the training
period. Furthermore, the improved anaerobic
threshold and work economy increase the partici-
pant’s ability to cope with the physical demand of
daily activity. Finally, the motivating factor of exer-
cise and rest period (varied procedure followed dur-
ing each training) could not be ruled out.33–39

Blood Pressure
Findings from the present study revealed a signifi-
cant decrease in SBP and DBP in the experimental
groups over placebo group. The favorable changes
resulting from aerobic training on both SBP and
DBP demonstrated in the present study are consis-
tent with the study of Smith and colleagues28 that
investigated the effect of aerobic exercise and weight
reduction intervention on 133 sedentary hyperten-
sive (SBP: 130–180 mm Hg; DBP: 85–110 mm Hg)
men and women. Participants were grouped into
aerobic group, aerobic with weight reduction group,
and control group. Participants engaged in a 6-
month treatment period. They reported a significant
reduction in both SBP and DBP in the treatment
groups compared to the placebo group. In their
study, Westhoff and colleagues40 investigated the
effects of aerobic exercise on elderly (�60 years)
hypertensive patients (SBP �140 mm Hg and DBP
�90 mm Hg). Fifty-four patients were randomly
assigned to exercise and control groups. The exer-
cise group engaged in a 12-week treadmill exercise
program, while the control group did not. They
reported a significant decrease in SBP and DBP by
8.5�8.2 mm Hg and 5.1�3.7 mm Hg, respectively,
at P<.001.Their results concur with the findings of
the present study.

Laterza and colleagues41 conducted a study
investigating the effect of aerobic exercise on
patients with hypertension. Twenty sedentary hy-
pertensives were randomly assigned to 2 groups;
exercise group (n=11; age=46�2 years), nonexercise
group (n=12; age=42�2 years), and age-matched
normotensive control (n=12; age 42�2). The exer-
cise training consisted of one 60-minute exercise
session per week for 4 months. They reported a sig-
nificant decrease in BP of the hypertensives follow-
ing exercise at P<.01 compared to the nonexercise
hypertensive group.

Jones and colleagues32 investigated the effect of
a 6-month aerobic exercise program on the BP of
35 sedentary prehypertensive and hypertensive par-
ticipants (22 Caucasians; 13 African Americans).
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They reported nonsignificant changes in the BP of
both the Caucasians and African-American partici-
pants. Sohn and colleagues42 investigated the effect
of walking an extra 30 minutes a day on BP.
Nineteen newly diagnosed hypertensive African-
American adults were randomly assigned to inter-
vention and control groups. The intervention group
was advised to walk an extra 30 minutes per day.
The control group was not given this advice. All
participants used pedometers to record the numbers
of daily steps. Also all participants were controlled
for age and BMI. They reported a significant reduc-
tion in adjusted mean SBP by 9% for those in the
intervention group and 2.33% for those in the con-
trol group. Similarly, adjusted mean DBP dropped
by 7.42% for the intervention group and remained
essentially unchanged for the control group at
P=.08.

Heart Rate
The present study revealed significant reduction in
both interval and continuous programs over control
group in resting HR. The result of the present study is
in agreement with the study of Laterza and
colleagues41 that investigated the effect of aerobic
exercise training on HR in patients with hypertension.
Twenty sedentary hypertensive patients were ran-
domly divided into 2 groups; exercise: exercise
trained (n=11; age 46�2 years) and untrained (n=9;
age 42�2 years). An age-matched normotensive exer-
cise trained group (n=12; age 42�2 years) was also
studied. Participants were involved in an aerobic exer-
cise training program of 3 60-minute exercise sessions
per week for 4 months. They reported a significant
decrease in HR following exercise in the hypertensive
group. Ferrier and colleagues35 investigated the effect
of aerobic exercise on resting HR. Twenty (10 men
and 10 women) ISH participants and 20 age- and
gender-matched normal control participants were
recruited. Participants were involved in a randomized
crossover study of moderate-intensity excercise (60%
HR max) for 40 minutes for 8 weeks followed by
another 8 weeks of sedentary activity. They reported
no significant effect of exercise on HR in ISH patients.

Himeno and colleagues43 studied the effect of
aerobic exercise on HR in mild-to-moderately
hypertensive, obese participants. Fourteen mildly
hypertensive, obese participants (SBP, 140–160 mm
Hg or DBP, 90–100 mm Hg) and 22 normotensive,
obese participants, age range from 22 to 51 years
(mean � SD, 35�9 years) (all participants had a
BMI of >26 kg ⁄m2. Participants were placed on a
hypocaloric diet and exercise program; 33 partici-
pants exercised on a cycle ergometer and 3

participants on a treadmill at an HR corresponding
to the anaerobic threshold (AT) for 60 minutes,
3 times ⁄week for a total period of 12 weeks. The
exercise was maintained for a 1-year follow-up.
They reported a nonsignificant effect of exercise on
HR in both the hypertensive and normotensive
groups following the 12-week training and after
1 year post-training follow-up at P<.05.

RPP, PP and MAP
Results of the present study revealed a significant
reduction in both interval and continuous groups’
RPP, PP, and MAP over control. This finding is in
agreement with the report of Silver and colleagues,44

who studied the effects of acute and chronic exercise
on the arterial baroreflex and chemosensitive cardio-
pulmonary baroreflex in spontaneously hypertensive
rats. Arterial baroreflex and cardiopulmonary baro-
reflex were evaluated in normotensive rats (n=11)
and spontaneously hypertensive rats (SHRs) (n=5) at
rest and after 30 minutes of an acute bout of exercise
(45 minutes at 50% of VO2 max). In addition, these
baroreflexes were evaluated in sedentary (n=5) and
exercise-trained (n=9) SHRs. Exercise training was
performed on a motor treadmill, 5 days ⁄week, for
60 minutes, at 50% of VO2 max. They reported that
exercise training markedly improved baroreflex bra-
dycardia and tachycardia in SHRs (1.9�0.1 vs
0.7�0.1 and 2.9�0.1 vs 1.8�0.2 beats ⁄min ⁄mm
Hg, respectively. They also reported that during the
recovery period, SHRs showed a significant fall in
MAP compared with their respective baseline levels
(25 minutes, )11�4 mm Hg; 35 minutes, )11�5
mm Hg; and 45 minutes, )10�5 mm Hg). In
normotensive rats, MAP was not changed during the
recovery period.

A similar result was reported by Mughal and col-
leagues,33 who investigated the effects of aerobic
exercise in patients with essential hypertension. A
12-week aerobic exercise intervention trial was
conducted to examine the influence of brisk walking
on resting PP and MAP in patients with essential
hypertension. Twenty-seven men with stage 1 or 2
essential hypertension (not on antihypertensive medi-
cation) participated in the study. The aerobic exer-
cise training protocol consisted of 30 minutes of
brisk walking 3 to 5 times ⁄week, at 50% of VO2

max on an ergometer cycle. They reported a statisti-
cally significant decrease in PP, from the baseline
value of )3.7 mm Hg (P<.01), and in MAP, of
)3.4 mm Hg (P<.01) was noted. They concluded
that aerobic exercise caused small reductions in
MAP and PP in men with stage 1 or 2 essential
hypertension.
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Randon and colleagues45 studied 24 elderly
hypertensive patients (age 68.9�1.5 years) and 18
age-matched normotensive control participants (age
68.1�1.2 years). Cardiac output (carbon dioxide
rebreathing) and BP (auscultatory) were measured
at rest and after a 45-minute period of low-inten-
sity bicycle exercise (50% maximal oxygen uptake)
and at 15, 30, 60, and 90 minutes after exercise.
Left ventricular function (by Doppler echocardiog-
raphy) was also evaluated. Ambulatory BP moni-
toring was evaluated after 45 minutes of exercise
or 45 minutes of rest, in a randomized order. They
reported that in the hypertensive patients, exercise
provoked a significant reduction in mean BP during
a 22-hour period, at daytime and nighttime. They
concluded that the short-term positive effect noted
after exercise in elderly hypertensive patients is
associated with a decrease in stroke volume and left
ventricular end-diastolic volume.

Generally, the factors responsible for the poten-
tial antihypertensive effect of long-term aerobic
exercises are incompletely understood and
unclear.46 However, it is theorized that the bio-
chemical, neural, and hormonal changes in the
blood vessel walls induce an acute and long-term
blood vessel relaxation. When a person engages in
aerobic exercise, the SBP and HR will increase,
while the DBP changes little. Immediately following
the exercise bout, the SBP of hypertensive individu-
als will fall below pre-exercise values by 20 to
30 mm Hg and that of normotensive individuals by
8 to 12 mm Hg, an effect that lasts for 12 hours in
healthy individuals and beyond 12 hours in hyper-
tensive patients.47,48 This decrease below the base-
line following aerobic exercise is called ‘‘post-
exercise hypotension.’’49

There are many potential mechanisms responsi-
ble for the ‘‘post-exercise hypotensive effects,’’
including relaxation and vasodilatation of blood
vessels in the legs and visceral organ areas.48 The
blood vessels may relax after each exercise session
because of body warming effects, local production
of certain chemicals (such as lactic acid and nitric
oxide), decreases in nerve activity, and changes in
certain hormones and their receptors.47,48 Over
time, as the exercise is repeated, there is growing
evidence that a long lasting reduction in resting BP
can be measured, which may partly be due to the
acute drop in BP that occurs after each bout.47

Another mechanism is that the post-exercise
hypotension is accompanied by a decrease in serum
catecholamines, norepinephrine, dopamine, cortisol,
and sympathetic nervous system and plasma rennin
activity.49–52 In addition to a reduction in sympa-

thetic activities, a fall in plasma volume and cardiac
index may also be important in the antihyperten-
sive effect of aerobic exercise.46 Exercise has been
reported to improve abnormal baroreflex function
in patients with hypertension.53,54

CONCLUSIONS
Based on the results of the present study, it is con-
cluded that continuous and interval training pro-
grams are effective adjunct, nonpharmacological
management of chronic essential hypertension.
However, there seems to be no clear-cut supremacy
of one training program over the other.

RECOMMENDATION
The recommendation of the present paper is that
both training programs should form part of the kit
in the management of hypertension.
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