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ABSTRACT
Introduction: Aerobic exercise is recommended for the treatment of hypertension. Its intensity 

can be prescribed based on the percentage of maximum heart rate (% MHR) or peak oxygen con-
sumption (VO2peak%) in which the ventilatory thresholds (VT) are achieved. However, some hyper-
tensive patients who begin aerobic training may be receiving beta-blockers, which can influence 
these parameters. Objective: To investigate the effects of atenolol on VT of sedentary hypertensive 
patients. Methods: Nine volunteers performed two cardiopulmonary exercise tests until exhaustion 
after 4 weeks of treatment with atenolol (25 mg orally twice daily) and with placebo, administered in 
a fixed order and in a blinded manner. During the tests, heart rate (HR), blood pressure (BP), VO2 at 
rest, anaerobic threshold (AT), respiratory compensation point (RCP) and peak effort were analyzed. 
Results: VO2 increased progressively throughout the exercise and the values were similar for both 
treatments. Systolic blood pressure and heart rate also increased progressively during the exercise, 
but their absolute values were significantly lower with atenolol. However, the increase in systolic BP 
and HR during exercise was similar in both treatments. Thus, the % of MHR and %VO2peak at which LA 
and PCR were achieved were not different between placebo and atenolol. Conclusion: Atenolol, at a 
dosage of 50mg/day, did not affect the % of VO2peak and % of MHR corresponding to the VTs, which 
confirms that prescription of training intensity based on these percentages is adequate to hypertensive 
patients receiving beta-blockers.
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INTRODUCTION

Systemic hypertension is one of the main risk factors for the 
cardiovascular disease, being responsible for 47% of the deaths 
by coronary disease and 54% of the ones by encephalic vascu-
lar accident1. According to the VI Brazilian Guidelines of Arterial 
Hypertension, over 30% of the adult population in our country is 
hypertensive and this prevalence increases to over 50% in adults 
older than 60 years1. The aerobic training is highly recommended 
in the treatment of hypertension1-3 due to its proved hypotensive 
effects4. In order to individualize this training, the exercise intensity 
should be determined based on the heart rate (HR) of the anaerobic 
threshold (AT) and of the respiratory compensation point (RCP)5. 
However, due to operational difficulties (cost, equipment, among 
others) of the performance of cardiopulmonary tests for identifi-
cation of ventilatory thresholds (VT), the guidelines say that the 
training of hypertensive patients should be performed between 
50 and 80% of HRmax

1, which would be equal to 40 and 70% of 
VO2peak  or HR reserve 2,3,5, assuming that the range is within the VT. 

However,  many hypertensive subjects who will initiate an 
aerobic training program are receiving pharmacological treatment, 
which may consist of different medication classes, such as beta 
blockers, diuretics, inhibitors angiotensin converting-enzyme 

inhibitors1,6. Nevertheless, some of these medications, especially the 
beta blockers, may alter the physiological responses and especially 
the HR response during physical exercise7-9. This fact has generated 
some concern in the physical education field about the prescription 
of exercise intensity for patients who are under use of beta blockers. 
The basic recommendation in these cases is to perform a maximum 
test under use of medication and establish the training HR range 
based on the HRmax reached in this test1,5,10. This concept is based 
on the premise that the beta blocking does not alter the HRmax 
percentage at which the AT and RCP are reached.

The beta blockers decrease blood pressure (BP) by blunting 
sympathetic activation to the heart, decreasing heart rate (HR) and 
the cardiac output6. Old reviews on the effects of beta blockers on 
cardiovascular responses to exercise have already concluded that beta 
blockers have this same effect during exercise, decreasing HRmax and 
the maximum BP8,9 However, the effect on the VO2peak is controversial8, 
being especially reported with the use of non-selective beta blockers 
and in healthy or already trained individuals8,9. Moreover, the beta 
blockers effect on the anaerobic metabolism during exercise is also 
controversial in the literature7, and effect of  beta blocker on AT and   
RCP of sedentary hypertensive individuals is not clear, which may 
have implications in the prescription of the aerobic exercise intensity 
for hypertensive patients under use of this medication. 
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Thus, the aim of this study was to verify the effect of atenolol 
(selective β1beta blocker) on the VO2 and HR measured at rest, AT, 
RCP and exercise peak.

METHODS
Nine primary level 1 and 2 hypertensive individuals (six men and 

three women – 30 to 60 years) participated in this study after having 
signed the that follows the Consent Form. The study was approved 
by the Ethics Committee from the Clinics Hospital of the Medicine 
School of the University of São Paulo (HCFMUSP – protocol number 
096/06). The sample’s characteristics are presented in table 1.

The hypertensive patients were recruited through posters 
and newspaper and magazine advertisements and the ones who 
volunteered to participation were enrolled in the Hypertension 
Unit of the HCFMUSP, where they were submitted to routine 
examination of that unit, which follow recommendations of the VI 
Brazilian Guideline of Hypertension1. The volunteers who presented 
secondary hypertension, BP values above level 2, cardiovascular 
disease signs and other risk factors and/or injury of target-organs 
were excluded. Moreover, the patients who were involved in regular 
exercise programs were not included in the study. The hypertensive 
were studied in two occasions: a) after six weeks of treatment 
with  placebo (lactose 40 mg, 102 mg of cornmeal, cellulose and 
5 mg magnesium 3 mg); and b) after six weeks of treatment with 
atenolol (25 mg). The two treatments were administered twice a day 
(morning and evening). The administration order of the medication 
was fixed (placebo and atenolol), but the patients remained blind 
for the type of medication they received in each phase of the study. 
During the entire study period, the patients were not receiving any 
other medication with cardiovascular effects. 

On the third and fourth weeks of each treatment, auscultatory 
BP was measured three times in two visits to the laboratory and the 
mean of the six measurements was used to define the BP level of 
the patient in each treatment. The phases I and V of the Korotkoff 
sounds were applied, respectively to determine systolic and diastolic 
BP. Only the hypertensive patients who presented systolic/diastolic 
BP levels between 140 and 160/90 and 105 mmHg in the period  
receiving placebo were included in the study.

three minutes of rest on the treadmill, at every two minutes of 
exercise, at the exercise peak, and at one, two, four and six minutes 
of recovery.

The inspired and expired gas was collected at each respiratory 
cycle by a computer gas analyzer (Medical Graphics Corporation, 
CPX/D, USA). The oxygen consumption (VO2), ventilation (VE), 
carbon dioxide production (VCO2), ventilatory equivalents of O2 
and CO2 (VE/VO2 and VE/VCO2) as well as final expired pressures of 
O2 and CO2 (PETO2 and PETCO2) were assessed for determination 
of the AT and RCP. The AT was established based on the following 
parameters: a) non-linear increase of VE; b) non-linear increase of 
respiratory exchange ratio; c) systematic increase of VE/VO2 without 
increase of VE/VCO2; and d) systematic increase PETO2

11. The RCP 
was set based on the following criteria: a) second non-linear 
increase of VE; b) systematic increase in VE/VCO2; and c) systematic 
decrease of PETCO2

11. The ventilatory thresholds were detected in 
an independent way by three experienced evaluators and the 
conflicts were decided by consensus.

Adrenergic block efficiency

The efficiency of the β-adrenergic block was assessed through 
the rest HR evaluation and the spectral analysis of the HR variability 
in eight individuals under use of placebo and atenolol. Thus, the 
ECG wave (NDM Dayton company, Ohio, USA) and the respiratory 
movements (thorax belt, Pneumotrace II UFI 1138, California USA) 
of the individuals were recorded during 10 minutes of laid rest by 
an analyzer of biological signs (Windaq, DI720, Series Data Loggers, 
USA) with sampling frequency of 500 Hz/canal. Subsequently, in 
stationary periods of al teast 120 beats, the spectral analysis of the 
RR intervals was performed by autoregressive model, using the 
LA software (Programma di Analisi Lineare, Universita Degli Studi di 
Milão, Italy). The spectral components were classified according to 
their central frequency in low (LFR-R, 0.04-0.15 Hz) and high (HFR-R, 
0.15-0.4 Hz) frequencies. The two components were analyzed in 
normalized units (nu), which represent the relative value of each 
component related to the total power of the spectrum minus the 
very low frequency component (VLFR-R, 0-0.04 Hz). The normal-
ized components of LFR-R and HFR-R were considered, respectively, as 
predominant markers of the cardiac sympathetic and parasym-
pathetic modulations and the ratio between these components 
(LF/HF) was considered an index of the cardiac sympathovagal 
balance, following interpretations by the Task Force on the issue12.

Data analysis 

The respiratory and cardiovascular data were assessed in means 
of 30s. The VO2peak and the HRmax were considered by the higher 
values reached during the test. In this study, only the systolic BP 
response was assessed during the exercise since this the pressure 
value is considered valid when the measurement is taken by the 
auscultatory technique during the aerobic exercise13. As the BP 
was measured at every two minutes during the test, in some 
situations this measurement did not agree with the moment in 
which the VT was detected. In these cases, the systolic BP value 
was estimated from the linear regression between the systolic BP 
and time of exercise. 

Table 1. Sample’s characteristics.

N 9

Sex, male/female 6/3

Age (years) 46±02

Height (m) 1.70 ± 0.03

Weight (Kg) 81.2 ± 3.3

body mass index (kg/m2) 28.3 ± 0.5

Data mean ± se.

Measurements

On the fifth week of each treatment, all patients performed a 
maximum cardiopulmonary test on treadmill (Inbrasport, model 
ATL, Rio Grande do Sul, Brazil), following the protocol D exposed by 
Negrão5. During the test, HR was continously monitored by an ECG 
of 12 derivations (Cardio Perfect, ST 2001, Holland) and was recorded 
every minute. The BP was measured by auscultatory method after 
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Statistical analysis 

The data normality was verified by the Shapiro-Wilk test. The 
LF/HF ratio did not present normal distribution, and therefore, this 
variable was transformed by the Neperian logarithm, which resulted 
in normal distribution.

The rest variables measured during the atenolol and placebo 
use were compared by paired t-test. Two-way ANOVA for repeated 
measures was used for comparing the responses during the car-
diopulmonary test, having as main factors: the treatments (pla-
cebo or atenolol) and the exercise stages (Pre, AT, RCP and PEAK). 
Whenever necessary, the Newman-Keuls post hoc test was used. 
The P < 0.05 value was accepted as significant. The data are pre-
sented as mean ± SE.

RESULTS

Adrenergic block efficiency 

The cardiovascular variables and the autonomic indices mea-
sured at rest under the use of placebo and atenolol are presented 
in table 2. HR, systolic BP and diastolic BP were significantly lower 
with atenolol than with the placebo. Actually, HR decreased in 
all individuals. Moreover, comparing with the placebo, atenolol 
increased the RR interval, decreased the normalized LFR-R compo-
nent, increased the normalized HFR-R component and, consequently, 
reduced the LF/HF ratio.

Table 2. Cardiovascular variables at rest (n = 9) and cardiac autonomic indices (n = 8) 
measured after four weeks under placebo and  atenolol.

Placebo Atenolol P
Systolic BP, mmHg 139 ± 4 119 ± 2 * 0.01
Diastolic BP, mmHg 96 ± 1 81 ± 2 * 0.00

HR, bat/min 69 ± 3 62 ± 1* 0.01
LFR-R, un 61 ± 9 38 ± 7 * 0.04
HFR-R, un 28 ± 7 51 ± 7 * 0.02
ln LF/HF 0.7 ± 0.5 -0.4 ± 0.3 * 0.01

Data = Mean ± SE. BP = blood pressure, HR = heart rate, LFR-R = low-frequency component of the interval variability 
R-R, HFR-R = high frequency component of the interval variability of the interval R-R. un = normalized units, ln = 
Napierian logarithm; * different from placebo.

Responses to the maximum test

All tests were interrupted by fatigue and there were no altera-
tions in the ECG during the performance. The tests had duration 
between six and 10 minutes and maximum respiratory exchange 
ratio (RER) higher than 1.0 in all individuals, both with placebo and 
atenolol. The total exercise time was similar with the two treatments 
(placebo = 7.6 ± 0.4 versus atenolol = 8.0 ± 0.4 min, P > 0.05).

The atenolol effects in the VO2 and in the cardiovascular variables 
measured during the tests are presented in table 3. No significant 
interaction between the treatment and stages factors was observed 
for any of the variables, demonstrating hence that atenolol did not 
affect the HR, systolic BP and VO2 increase during the progressive 
exercise. In fact, in the VO2 analysis there was significant effect only 
in the stages factor (P = 0.000), demonstrating that the VO2 increased 
significantly and progressively along the exercise phases and the 
VO2 values in each stage were similar with the placebo and atenolol. 
In the HR and systolic BP analyses, the two main factors, treatments 
(HR, P = 0.000 and systolic BP, P = 0.006) and stages (HR, P = 0.000 
and systolic BP, P = 0.000) were significant and there was no interac-
tion between them. Thus, the HR and the systolic BP also increased 

Table 3. Oxygen volume (VO2), heart rate (HR), blood pressure (BP), pre-exercise 
measurement (PRE) and anaerobic threshold (AT), respiratory compensation point 
(RCP) and exercise peak (PEAK) in the maximum cardiopulmonary capacity test in the 
exercise test performed after five weeks under placebo and atenolol. 

PRE AT RCP PEAK

VO2, ml.kg-1.min-1 Placebo
Atenolol

2.9 ±0.2
3.1 ± 0.2

16.5 ± 0.8 #
15.8 ± 2.0 #

25.8 ± 1.1 #
25.2 ± 1.5 #

29.0 ± 1.4 #
29.5 ± 1.5 #

HR, bat/min
Placebo
Atenolol

82 ± 4
65 ± 2*

135 ± #
113 ± 5 #*

163 ± 5 #
147 ± 3 #*

172 ± 3 #
151 ± 3 #*

Systolic BP, 
mmHg

Placebo
Atenolol

155 ± 4
132 ± 4*

189 ± 9 #
149 ± 8 #*

222 ± 10 #
188 ± 9 #*

230 ± 7 #
198 ± 8 #*

Data = Mean ± SE *different from placebo, # different from the previous stage.

significantly, progressively and similarly during the test with the two 
treatments. However, the HR and systolic BP absolute values were 
significantly lower with atenolol than with the placebo in all stages; 
that is to say, from the pre-exercise phase to the exercise peak. 

As atenolol did not influence the increase rate of VO2 and HR 
during the exercise, the percentage VO2peak and HRmax in which 
the VT were reached were similar with placebo and atenolol
(AT = 57 ± 3 versus 54 ± 6 and RCP = 89 ± 2 versus 86 ± 4% of VO2peak 
and AT = 79 ± 3 versus 73 ± 3 and RCP = 95 ± 2 versus 95 ± 2% of 
HRmax, respectively, P > 0.05).

DISCUSSION
The main findings of this study were that, in sedentary hyper-

tensive subjects, atenolol: a) did not alter the VO2 peak; b) decreased 
the absolute values of HR and systolic BP measured in the AT, RCP 
and exercise peak; and c) did not alter the increment of HR and 
systolic BP during the exercise, causing the VT to be reached in the 
same percentage of the VO2peak and the HRmax.

The beta blockers effect in the VO2peak is very controversial in 
the literature7-9, with some studies presenting decrease 14-17 and 
others no alteration18-20. The main explanations for these discrepan-
cies between studies are the methodological differences, especially 
concerning the population studied and the type of beta blocker 
used. Thus, the decrease in VO2peak with the use of beta blockers has 
been reported, especially in healthy and trained individuals as well as 
with the use of non-selective beta blockers8,9. Therefore, the results 
of the present investigation corroborate this idea when demonstrate 
that a selective  β1 beta blocker did not alter the VO2peak in sedentary 
hypertensive subjects. When the beta blocker decreases the VO2peak, 
this reduction has been mainly attributed to the medication effect, 
reducing the HRmax and, consequently, the maximum cardiac out-
put14,16,17. However, in the present study, although the VO2peak  has 
not been altered by atenolol, the HR max decreased, which suggests 
that the systolic volume and/or arteriovenous difference of O2 must 
have increased with atenolol. In fact, previous studies 14,16,18,20 have 
demonstrated increase of maximum systolic volume with the use of 
beta blocker, which was attributed to the increase of the pre-load 
promoted by this medication and by the longer time of ventricular 
filling. Additionally, increase in oxygen consumption by the muscles 
has also been reported, explaining hence the increase of arterio-
venous difference of O2

14,18,20.  It is possible that these adaptations 
are higher in sedentary individuals, since the trained ones already 
presented these variables (maximum systolic volume and maximum 
arteriovenous difference) increased by chronic training9, which may 
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make the medication effect more difficult. These aspects may explain 
why atenolol did not harm the aerobic power in sedentary patients, 
as happens in trained subjects9.

The VO2peak and HRmax percentages in which the VT were reached 
were not influenced by the treatment with atenolol. This response 
is similar to the observed in other studies18,21 which did not report 
alteration of lactate threshold with the use of beta blockers, despite 
the lactate concentration during the exercise be decreased with 
the use of atenolol18.

The fact the use of atenolol does not affect the HRmax and VO2peak 
percentages in which the VT were reached in sedentary hyper-
tensive patients, supports the current recommendation of aerobic 
exercise intensity prescription based on the same HRmax percentage 
for hypertensive subjects, regardless of the use of selective beta 
blockers. In other words, physical training may be prescribed in 
the same percentage of the HRmax as long as this HR is determined 
by a maximum test performed with the use of the beta blocker.

Although the HRmax percentage in which the VT were reached 
has not been altered by atenolol, the absolute values of HR and sys-
tolic BP observed both in AT and in RCP were lower with atenolol. It 
is known that high levels of systolic BP in patients with hypertension 
may increase the risk of rupture of pre-existent aneurysm22, high HR 
values may increase the risk of arrhythmia in prone individuals23 and 
high values of  rate pressure product (HR x systolic BP) represent 
increase of cardiac work, which increases the risk of heart attack 
in cardiac hypertensive patients2. Thus, as in this study, atenolol 
reduced the HR, systolic BP values and consequently, of the rate 
pressure product for the same exercise intensity (AT and RCP), it is 
possible to say that its use reduced the cardiovascular risk during 
performance of the aerobic exercise in these patients. 

This study presents some limitations. The number of subjects 
investigated was small, but similar to other studies which identified 
reduction of VO2 with the beta blocker14,15,21, which suggests that 
this small number was not responsible for the absence of atenolol 
effect in the aerobic fitness and ventilator thresholds. Another 
aspect to be considered is that, despite having included men 

and women, the differences between sexes were not assessed.  
However, there are suggestions in the literature24 that the responses 
to exercise and to atenolol are not different between men and 
women. The beta blockage was done by the atenolol, a selective 
β1 beta blocker, in a way that the results cannot be extrapolated 
to other types of beta blockers, such as the non-selective or the 
ones with concomitant peripheral activity. All patients received 
the same dose, which may have resulted in different levels of 
blockade. Nevertheless, the HR reduction in all subjects suggests 
that all were beta blocked and the reduction of cardiac sympathetic 
modulation, assessed by the decrease of the LF band and the
LF/HF ratio of the HR variability in the total sample demonstrates the 
effectiveness of this blockage. Another aspect which may be raised 
is the short time of beta blocked used (four weeks. Nonetheless, as 
the efficiency of this blockage has been verified by the reduction of 
cardiac sympathetic modulation, this period was sufficient for the 
medication to have its effect. An important limitation is the fact that 
the treatments were not applied in a random manner, which may 
have influenced the results, leading to better performance in the 
second test due to adaptation to the testing. However, as the VO2 

response did not change with atenolol, it is not probable that this 
influence had occurred.

CONCLUSION

Atenolol in the 50 mg/day dose did not affect the VO2peak and 
HRmax percentages in which the VT are reached in sedentary hyper-
tensive subjects. These results support the recommendation that 
training intensity may be determined at the same percentage HRmax 
obtained in a maximum test in sedentary hypertensive patients 
who received or not atenolol.
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