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ABSTRACT. The effect of different intensities of aerobic exercise on blood pressure remains uncertain. The goal
of this trial was to compare the effect of two different levels of aerobic physical training on 24-hour ambulatory
blood pressure. In this double-blind parallel-group trial, 28 sedentary hypertensive patients (mean diastolic blood
pressure of 90 to 104 mmHg) were randomly assigned to 10 weeks of physical training at 20% (Group 1) or 60%
(Group II) of their maximal workload on a cycle ergometer (mean load of 32 and 85 watts, respectively).
Maximal oxygen consumption was estimated by the time spent on a mechanical braked Monark bicycle
(Monark, Sdo Paulo, Brazil). Indexes of physical fitness were determined by cycle ergometer tests before and after
the experimental period. The principal outcome variable was mean 24-hour ambulatory blood pressure. Mean 24
hour systolic blood pressure fell from 137.2 = 14.9 to 135.2 = 12.7 mmHg in Group [ and from 144.4 = 13.3 to
138.6 = 12.9 in Group II (mean between group difference of —2.1 mmHg, P = 0.479, adjusted for baseline blood
pressure). Mean diastolic blood pressure fell from 9.21 * 10.0 to 89.3 = 7.7 mmHg in Group I and from 93.3 +
5.8 t0 90.6 = 6.8 mmHg in Group II (mean adjusted difference of -0.06, P = 0.765). Nighttime blood pressure
did not change in either group. Across all participants, a reduction in systolic blood pressure was significantly
associated with improved physical fitness as manifest by increased physical work capacity at heart rate of 130
bpm (PWC;3), increased systolic blood pressure at PWC; 3, and decreased maximum heart rate measured during
the cycle ergometer test We conclude that aerobic training programs at 20% and 60% of the maximum work
capacity have similar effects on ambulatory blood pressure. j cLIN EPIDEMIOL 52;7:637—642, 1999. © 1999 Elsevier
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INTRODUCTION

Hypertension, a major risk factor for cardiovascular disease,
remains highly prevalent in both industrialized and devel-
oping countries [1-3]. Several nonpharmacological thera-
pies (weight loss, reduced salt intake, moderate alcohol
consumption, and aerobic exercise) are recommended as
means to prevent or treat hypertension. Among them, aer-
obic training is unique because it is not a nutrition-based
strategy.

Several controversies surround the use of exercise as a
means to reduce blood pressure [4,5]. although there is a
general consensus that aerobic training reduces blood pres-
sure, available evidence has several limitations. The inverse
association between blood pressure and physical activity
detected in observational studies may in part be explained
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by residual confounding from a healthier lifestyle. Further-
more, most experimental studies have at lease one major
shortcoming, including lack of control group, imbalance in
baseline characteristics, small sample sizes, unblinded mea-
surements of blood pressure, and no control for cointerven-
tion effects. A second controversy pertains to the level of
exercise necessary to reduce blood pressure [6]. Most trials
have studied moderate-to-high levels of aerobic training,
for example, exercising at 50%—-80% of maximal work ca-
pacity. Whether lower levels of physical activity reduce
blood pressure is an important research issue with enormous
clinical and public health significance.

The objective of this report is to present the results of a
randomized, double-blind, clinical trial that compared the
effects of two aerobic training intensities on 24-hour ambu-
latory blood pressure in patients with hypertension.

METHODS

The trial was carried out at the Hypertension Unit of the
Hospital de Clinicas de Porto Alegre. The project was ap-
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proved by the hospital’s Institutional Review Board. All
participants gave written informed consent.

Study Participants

Participants were recruited from the hypertension outpa-
tient clinic and through advertisements in local newspa-
pers. To be eligible for this trial, individuals had to be sed-
entary, defined by the nonengagement in sports and the
absence of regular exercise in the previous year. They also
could not have any contraindication to exercise on a cycle
ergometer. In addition, they had to have a mean baseline
diastolic blood pressure of 90 to 104 mmHg (the average of
six readings, i.e., two reading per day taken on three differ-
ent days at 7- to 10-day intervals). Individuals on drug
therapy had to undergo a period of medication withdrawal
of at least 1 month prior to enrollment. About one third of
the volunteers screened were enrolled in the trial. Systolic
blood pressure was recorded as the first Korotkoff sound,
and diastolic blood pressure, as the fifth Korotkoff sound,
after participants rested 5 minutes.

Measurements

The patients performed a maximal treadmill exercise test to
rule out asymptomatic coronary heart disease. They also
performed a maximal exercise test on a mechanically
braked cycle ergometer before and after the intervention
period to evaluate functional capacity. Functional capacity
was estimated from the heart rate at the maximal workload,
percentage of the maximal heart rate, test duration, maxi-
mal workload, physical work capacity at heart rate of 130
bpm (PWC,3), systolic blood pressure at PWC;3, and sys-
tolic blood pressure at the peak of exercise.

Maximal oxygen consumption was estimated by the time
spent on a mechanical braked Monark bicycle using the
American College of Sports Medicine’s protocol [7]. The
initial workload was set at 0.5 kg. Increments of 0.5 kg were
added every 2 minutes. The subject was encouraged to con-
tinue exercising until exhaustion. The load recorded at that
time was taken as the individual’s maximal workload. The
electrocardiogram was monitored continuously; blood pres-
sure and heart rate were recorded at the end of each stage.

Ambulatory blood pressure monitoring was obtained at
baseline, prior to randomization, and again in the first week
after the end of intervention. On a typical workday, blood
pressure measurements were obtained with a model PIV de-
vice (Del-Mar Avionics, Irvine, CA) at 10-minute inter-
vals between 7:00 am and 11:00 pm and at 15-minute inter-
vals between 11:00 pm and 7:00 am. The comparability of
blood pressure determined by this device with standard
manual measurements had been previously demonstrated
[8]. Systolic blood pressure values lower than 50 or higher
than 225 mmHg, and diastolic blood pressure values lower
than 30 or higher than 150 mmHg, were excluded from
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analysis; a tracing was considered adequate if =90% of
measurements did not exceed these limits. Twenty-four-
hour urinary sodium excretion, the sum of seven skinfold
thicknesses (triceps, biceps, subscapular, suprailiac, abdomi-
nal, thigh, and mid-axillary), and body mass index were de-
termined before and after the intervention period.

Exercise Programs

Once a screened volunteer was eligible and expressed inter-
est to participate, he or she was randomly allocated to one
of two training programs, each lasting 10 weeks. The as-
signments were placed in consecutive and sealed envelopes,
with group codes based on random numbers, and with
blocks of four subjects. Group I trained at 20% of maximum
workload and Group II at 60% of workload. Both partici-
pants and blood pressure technicians were masked to group
assignment.

Participants exercised three times per week for 10 weeks,
from 2:00 to 3:00 pM, under the supervision of trained per-
sonnel. Each exercise session began with a 5-minute warm-
up period, followed by 30 minutes of exercise at the deter-
mined workload on the cycle ergometer and a 5-minute
cool-down period. Prior to exercise session and twice every
15-minutes during the exercise session on the cycle ergom-
eter, blood pressure was measured with a standard aneroid
sphygmomanometer and heart rate by wrist palpation. The
patients were instructed to maintain their usual dietary
habits during the trial, that is, not change their salt or alco-
hol intake.

Statistical Analysis

The trial was designed to test the null hypothesis that there
was no between group difference in blood pressure change.
A sample size of 32 patients (16 assigned to each group) was
estimated to provide 80% power at alpha = 0.05 (two-
tailed) to detect a 5-mmHg difference in ambulatory diastolic
blood pressure assuming a standard deviation of 5 mmHg [9].

Within each group, changes (deltas) in blood pressure,
weight, body mass index, the sum of seven skinfolds, 24-
hour urinary sodium excretion, and indexes of physical fit-
ness measured in the treadmill test were calculated by sub-
tracting the baseline values from the values measured after
the training period. Between groups differences in these
variables were calculated by subtracting the change ob-
served in the low-intensity exercise group from the change
observed in the higher-intensity group.

Analyses were conducted on an “intention to treat” ba-
sis. Between group differences were tested by t tests for in-
dependent samples; the corresponding 95% confidence in-
tervals were calculated. Analysis of covariance was used to
adjust for baseline blood pressure. To determine whether
change in blood pressure was associated with changes in fit-
ness, we calculated Pearson correlation coefficients be-
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TABLE 1. Initial characteristics of the groups training at 20% (Group I) and 60% (Group
II) of maximal workload (Means * SD or n [%] when appropriate)

Group 1 Group I1
Variables (n=14) (n = 14) P Value
Age (y) 522 %92 47292 0.20
Male 8 (53.3) 7 (46.7) 0.70
Body mass index (kg/m?) 289 +£6.5 26.1 =48 0.30
Sum of seven skinfolds (mm) 158.4 = 58.8 129.7 = 65.8 0.23
Previous use of antihypertensive drugs 8 (61.5) 7 (50.0) 0.87
Current drinkers 8 (57.1) 4 (28.6) 0.25
Smokers 2(14.3) 3(21.4) 0.62
24-hour sodium excretion (mEq/day) 102.7 = 59.0 112.4 =523 0.66
Mean clinic SBP (mmHg) 155.9 = 13.9 153.5 = 149 0.67
Mean clinic DBP (mmHg) 98.4 = 4.7 96.9 = 4.8 0.43
Mean clinic HR, resting (bpm) 83.3 £10.3 80.8 £9.1 0.50
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Abbreviations: DBP = diastolic blood pressure; HR = heart rate; SBP = systolic blood pressure.

tween change in blood pressure and change in indices of
physical fitness.

RESULTS

The baseline features of the experimental groups are pre-
sented in Table 1. Participants tended to be middle-aged.
Both genders were well represented. On the basis of clinic
measurements, mean systolic and diastolic blood pressure
fell within the stage I category of hypertension.

Two participants abandoned the conditioning sessions
after 5 weeks (both of them in the higher-workload group).
However, each had follow-up data collected at the end of
the experimental period and were included in the analysis.
An analysis performed without these participants did not
change substantially the results and are not presented. The
remaining participants attended 93% of the expected num-
ber of conditioning sessions.

The exercise intensity actually achieved in the two
groups differed significantly, as indicated by mean heart
rate, percent maximal heart rate, and workload during the
intervention period (Table 2). Despite the low intensity of
the training program for Group I, 12 (85.7%) participants
achieved a mean heart rate = 100 bpm during the inter-

vention period. Here, on average, Group I participants ex-
ercised at 68.7% of the maximal heart rate. This intensity
of training usually corresponds to a moderate intensity of
training, but in this trial was reached by exercising on the
cycle ergometer at an average workload of 21.7%. Within
each group, body weight, body mass index, the sum of seven
skinfolds’ thickness and 24-hour urinary sodium excretion
did not change significantly during the training period
(data not shown).

Each trial participant had adequate baseline and follow-
up ABP monitoring tracings. Mean 24-hour systolic blood
pressure fell from 137.2 * 14.9 to 135.2 = 12.7 mmHg in
the group training at 20% of the maximum workload and from
144.4 + 13.3 to 138.6 * 12.9 mmHg in the higher-intensity
group (Table 3). Mean 24-hour diastolic blood pressure fell
from 92.1 = 10.0 to 89.3 = 7.7 mmHg in the lower-inten-
sity group and from 93.3 = 5.8 to 90.6 = 6.8 mmHg in the
higher-intensity group. The within-group change in 24-
hour ABP occurred as result of a decrease in daytime blood
pressure, because nighttime blood pressure did not change
in either group (Table 3). Between-group differences in
post-training blood pressure were not statistically signifi-
cant before and after adjusting for the corresponding base-
line blood pressure (Table 3). At the end of the interven-
tion period, the pattern of circadian blood pressure was

TABLE 2. Training characteristics of the groups exercising at 20% (Group I) and 60%

(Group II) of maximal workload (Means * SD or n[%], when appropriate)

Variables Group I Group II P value
HR training (bpm) 1174 =173 147.7 =123 <0.001
Participants training at HR = 130 bpm 6(42.9) 14 (100) 0.002
% of maximal HR 68.7 6.5 84.1 43 <0.001
Loads (watts) 324 +169 85.2 +22.3 <0.001
% of maximal workload (watts) 21712 585+ 1.4 <0.001

Abbreviations: HR = heart rate
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TABLE 3. Ambulatory blood pressure (mmHg) monitoring at baseline and after training
(means * SD), with the corresponding deltas (95% confidence intervals), by group

Variables Group Before

After Adjusted® PP

Delta«

24-hour SBP  Train 20% 137.2 = 14.9 135.2 £ 12.7 135.8
Train 60 % 144.4 = 13.3 138.6 £ 12.9 137.9

SBP-day* Train 20 % 1413 =133 137.8 =129 138.7
Train 60% 1494 = 13.0 141.7 = 13.9 140.9
SBP-night*  Train 20% 124.6 = 13.8 127.8 = 12.6 128.5

Train 60% 1294 = 17.1 129.6 £ 11.9 128.9

0.479 —2.1(—8.0t03.8)
0.470 —2.2(-8.41t04.0)

0925 —0.4(-83t017.5)

24-hour DB Train 20% 921 = 100 893 = 7.7 89.7 ~

Train 60% 933 =58  90.6 + 6.8 903 0765 +0.6(-3.6t04.9)
DBP-day®  Train20% 949 + 10.1 91.6 = 83 922 -

Train 60% 965+ 6.1 931+ 77 026 0856 +04(-42t05.0)
DBP-night!  Train 20% 833 + 10.1  82.6 = 7.3 827

Train 60%  83.6 = 8.1 84.9 + 8.6 848 0363 +2.1(-2.6t06.8)

Abbreviations: DBP = diastolic blood pressure; SBP = systolic blood pressure.

aAdjusted for the respective baseline blood pressure.

bAnalysis of covariance, adjusting for baseline blood pressure.

tDay is defined as 7:00 am to 23:00 pu.
#Night is defined as 23:00 rm to 7:00 am.

similar in both groups (Figure 1). Standard systolic and di-
astolic blood pressures, measured at rest in the seated posi-
tion prior to treadmill test, decreased by 9.1 and 6.9 mmHg,
respectively, in Group I and by 15.4 and 7.9 mmHg in
Group II. Again, only within-group changes reached statis-
tical significance.

Despite the observed differences in training intensities,
both groups showed similar changes in cardiorespiratory fit-
ness. Among the various indexes measured in treadmill
tests, test duration and maximal workload increased in both
groups. There was also a trend toward increased and physi-
cal work capacity at heart rate of 130 bpm (data not
shown).

Across all participants, the change in physical work ca-
pacity at heart rate of 130 bpm (PWC,3,), the change in
systolic blood pressure at PWC; 3, and the change in maxi-
mum heart rate were associated with a reduction in ambula-
tory systolic blood pressure (Table 4). Hence, improve-
ments in fitness appeared to be associated with reductions
in systolic blood pressure. There were no consistent corre-
lates between change in diastolic blood pressure and change
in fitness.

DISCUSSION

In this randomized clinical trial, 10 weeks of aerobic train-
ing at levels corresponding to the lower and higher limits of
recommended aerobic exercise training [10] led to similar
reductions in blood pressure in patients with mild hyper-
tension. The similar blood pressure decrease observed in
the two experimental groups favor two interpretations, that
is, that both intensities of exercise had an antihypertensive
effect or that neither had an effect. Observations that both
groups had similar changes in cardiorespiratory fitness and
that improved physical fitness was highly correlated with a

decrease in systolic blood pressure support in the first inter-
pretation. Conversely, observations from other studies that
office and ambulatory blood pressure fall between two
points in time even without an active intervention are in
accordance with the second interpretation [11-13]. Such
blood pressure reductions may be attributed to the regres-
sion to the mean [14] or to an arousal effect from initial
readings. The possibility that such phenomenon could have
happened even with ambulatory blood pressure monitoring
is highlighted by observation that within groups, daytime
but not nighttime ambulatory blood pressure fell in both
exercise groups.

Alternatively, the study may have had insufficient power
to detect a small change in blood pressure across groups. In
this trial, there was a nonsignificant 2.1 mmHg reduction
in systolic ambulatory blood pressure attributable to the
higher intensity of training. While such a difference may
have public health significance, its clinical significance is
debatable and would likely be insufficient to support rec-
ommendations to exercise at a high-intensity level. Besides,
the differences in favor of the higher intensity of exercise
were restricted mainly to daytime systolic blood pressure
and were opposite in the case of diastolic blood pressure.

The groups may also differed in terms of some anthropo-
metric, behavioral, and physical baseline characteristics,
despite the absence of statistical significance. These differ-
ences may just reflect random variation. Still, it is improba-
ble that such differences could have influence the results, as
the distribution of potential confounders was inconsistent
and did not appear to affect one group differentially.

Among the strengths of this study are the “intention to
treat” approach, the control for the effects of cointerven-
tion, and the relatively long periods of training and obser-
vation. It is doubtful that longer periods of training period
could demonstrate a more intense effect, because many pre-
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m workload = 60% of maximum heart rate

o Wworkload = 20% of maximum heart rate
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FIGURE 1. Results of the 24-hour ABP done after 10 weeks
of physical training.

vious trials that had shown a beneficial effect of exercise
were of even shorter duration [4].

One potential shortcoming of the present study is the in-
direct determination of the VO,. Maximal work capacity
was used as an indicator of maximal oxygen uptake because
we could not measure this variable directly. The indirect
measurement of VO, could have result in a biased assess-
ment of fitness, both at baseline and after the conditioning
sessions. In this case, the intensity of exercise done by the
two groups could be not so different as originally planned,
explaining at least in part the similarity of results. However,
a close relationship between the two methods of measure-
ment of VO, has been demonstrated previously [15]. Be-

cause cardiac output is equal to the product of stroke vol-
ume and heart rate, VO, max is directly related to heart
rate. Considering that VO, max cannot be exceeded de-
spite an increase in power output, a demonstration of the
VO, plateau against heart rate is a valid demonstration of
VO, max. Anyway, the groups exercised within quite dif-
ferent ranges of work, demonstrating that the intensity of
exercise was definitely different.

A sound demonstration of an antihypertensive effect of
aerobic exercise programs is still lacking. The shortcomings
of most studies have been stressed [5]. Even in a more re-
cent trial [16], both patients and investigators were un-
blinded, and two treatments were employed (exercise and
antihypertensive drug therapy). In the trial of Cox et dl.
[17], an effect of exercise was only detectable in association
with weight control. A deficiency present in many studies is
the absence of a placebo intervention, which is effective in
some hypertensive patients, as shown in drug trials [18].
The effects attributed to exercise may indeed be produced
by the procedures followed to deliver it, such as repeated
contact with the research team and the frequent measure-
ment of physical variables (cointervention). Still, it is im-
portant to recognize the potential for misleading, or biased,
results from meta-analysis of exercise trials. This concern
results from the substantial heterogeneity in study design,
particularly the population under study and the type, dura-
tion, and intensity of interventions [19]. Furthermore, the
psychological expectation of benefits from treatment is cer-
tainly strong. In a trial with a design similar to that used in
the present study [20], no clinically significant difference in
ambulatory blood pressure was observed among the experi-
mental groups.

In conclusion, a program of aerobic training at 60% of
the maximum work capacity was no better than a program
of training at 20% to lower blood pressure. In view of the
possibilities that aerobic training may have limited effects
on blood pressure, and, alternatively, that both low- and
high-intensity training may substantially reduce blood pres-
sure, a high priority for research on the effects of exercise

TABLE 4. Correlation coefficients (Pearson) between change in fitness measurements and change in ambulatory blood pres-

sure across all study participants®

Delta of test Delta PWC Delta SBP at Delta maximum Delta maximum
duration 130 watts 130 bpm workload heart rate
Delta systolic 24 h +0.27 —0.49%* —0.47%* +0.24 -0.36
Delta systolic day +0.35 -0.48* —0.42%* +0.36 -0.25
Delta systolic night +0.06 -0.28 —0.387%* -0.03 —0.437%*
Delta diastolic 24 h +0.28 -0.01 +0.14 +0.35 +0.31
Delta diastolic day +0.29 -0.05 +0.12 +0.39%%* +0.32
Delta diastolic night +0.22 +0.09 +0.15 +0.20 +0.18

Abbreviations: PWC 130 = physical work capacity at heart rate of 130 bpm.
4Deltas: pretraining values subtracted from post-training values.
*P < 0.01
##P < 0.05
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should be the conduct of a sufficiently large clinical trial

testing the impact on blood pressure of several intensities of

aerobic training in comparison to a nonexercise control
group.

References

1.

2.

10.

Whelton PK. Epidemiology of hypertension. Lancet 1994;
344: 101-106.

Fuchs FD, Moreira LB, Moraes RS, Bredemeier M, Cardozo
SC. Prevalence of hypertension and associated risk factors in
Porto Alegre: A population-based study. Arq Bras Cardiol
1994; 63: 4743-4779. [summary in English]

. Ibrahim MM, Rizk H, Appel L, Anoussy W, Helug Sherif,

Shanaf Y, et al. Hypertension prevalence, awareness, treat-
ment, and control in Egypt. Hypertension 1995; 26(part 1):
886-890.

. Arroll B, Beaglehole R. Does physical activity lower blood

pressure: A critical review of the clinical trials. J Clin Epide-

miol 1992; 45: 439-447.

. Alderman MH. Non-pharmacological treatment of hyperten-

sion. Lancet 1994; 344: 307-311.

. Blair SN. Dose of exercise and health benefits. Arch Intern

Med 1997; 157: 153-154.

. American College of Sports Medicine. Guidelines for Exer-

cise Testing and Prescription. 4th Edition. Philadelphia: Lea
& Febinger; 1991:55.

. Santucci S, Cates EM, James GD, Schussel Y, Steiner D,

Pickering D, Pickering TG. A comparison of two ambulatory
blood pressure monitors, the Del Mar Avionics Pressureome-
ter IV and the Spacelabs 90202. Am ] Hypertens 1989; 2:
797-799.

. Cohen ]. Statistical Power Analysis for the Behavioral Sci-

ences. Second edition. Hillsdale: L. Erlbaum Associates;
1988.
Pate PR, Pratt M, Blair SN, Haskell WL, Macera RA, Bou-

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

W. D. Moreira et al.

chard R, et al. Physical activity and public health: A recom-
mendation from the Centers of Disease Control and Preven-
tion and the American College of Sports Medicine. JAMA
1995; 273: 402-407.

Ambrosio GB, Dowd JE, Strasser T, Tuomilehto ]J. The dy-
namics of blood pressure in populations and hypertensive co-
horts. Bull World Health Organ 1986; 64: 93-99.

Fuchs FD, Lubianca JF, Moraes RS, Moreira LB, Rosito GA,
Moreira WD, et al. The behavior of blood pressure during re-
peated measurements in a cohort of patients evaluated for hy-
pertension. High Blood Pressure 1995; 4: 28-33.

Bottini PB, Carr AA, Rhoades RB, Prisant LM. Variability of
indirect methods used to determine blood pressure. Office vs.
mean 24-hour automated blood pressure. Arch Intern Med
1992; 152: 139-144.

Fletcher RH, Fletcher WS, Wagner EH. Clinical epidemiol-
ogy: The essential. Baltimore, Williams & Wilkins; 1996; 276 p.
Bonjer FH. Measurement of working capacity by assessment
of the aerobic capacity in a single session. Fed Proc 1966; 5:
1363-1365.

Kokkinos PF, Narayan P, Colleran JA, Pittanas A, Notagia-
como A, Reda D, Papademedniou V. Effects of regular exer-
cise on blood pressure and left ventricular hypertrophy in Af-
rican-American men with severe hypertension. N Engl ] Med
1995; 333: 1462-1467.

Cox KL, Puddey IB, Morton AR, Burke V, Beilin L], McAleer
M. Exercise and weight control in sedentary overweight men:
effects on clinic and ambulatory blood pressure. ] Hypertens
1996; 14: 779-790.

The Management Committee of the Australian National
Blood Pressure Study. Prognostic factors in the treatment of
mild hypertension. Circulation 1984; 69: 668-676.

Kelley G, McClellan P. Antihypertensive effects of aerobic
exercise: A brief meta-analytic review of randomized con-
trolled trials. Am ] Hypertens 1994; 7: 115-119.

Marceau M, Kouame N, Lacourciere Y, Cleroux J. Effects of
different training intensities on 24-hour blood pressure in hy-

pertensive subjects. Circulation 1993; 88: 2803-2811.



