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The use of beta blockers as first-line therapy for hyperten-
sion has been widely conceptual for a long time and they

still remain one of the most frequently prescribed drug
classes for this purpose. However, in the last few years, de-
bates have been raised about the use of beta blockers as first-
line therapy for hypertension. Bangalore et al [1], in a late
review of the evidence, noted that no study has shown that
beta blocker monotherapy reduces morbidity or mortality in
hypertensive patients (pts), even when compared with pla-
cebo. Recent data including 13 randomized controlled trials
evaluated by a 2005 meta-analysis [2], as well as a large meta-
analysis from 1998 [3], demonstrated that beta blockers were
ineffective in preventing coronary artery disease, cardiovas-
cular events and all-cause mortality. The results also showed
that beta blockers are inferior to other anti-hypertensive
drugs with regard to all outcomes including stroke in addi-
tion to the above. Another 2006 analysis [4] shows that al-
though beta blockers reduced the risk of stroke compared to
placebo, there was only a marginal effect on total cardiovas-
cular events and no effect on all-cause mortality. Moreover, it
was reported that pts on beta blockers were more likely to
discontinue treatment than those on diuretics or vasodilators.
Beta blockers were also shown to be associated with an in-
creased risk for new-onset diabetes mellitus in another large
meta-analysis [5], as well as other disadvantages for beta
blockers in many other recent reports. The functional effect
of these very medications in hypertensive pts, compared to
alternative treatment as expressed by cardiopulmonary exer-
cise testing (CPET) is rarely investigated.

The purpose of the present study was to assess the func-
tional-physiological effect of beta blockers on hypertensive
pts, compared to vasodilator treatment, by CPET.
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The Functional Effect of Beta Blockers vs Vasodilators
in Hypertension Treatment

E. Klainman1, 2, D. Starobin2, R. Wishnitzer2, A. Yarmolovsky2, G. Fink2

Objective: To evaluate and compare retrospectively the physiological effect of beta blockers versus vasodilators in the treatment of hypertensive
patients (pts). Methods: 42 diagnosed hypertensive pts (24 male, 18 female) were studied. They were divided into two groups: (1) 16 patients
treated with vasodilators only and (2) 26 patients treated only with beta blockers. A cardiopulmonary exercise test (CPET) was performed in all
pts while they were taking their medications as usual. The following indices were monitored and measured breath by breath during exercise: heart
rate (HR), blood pressure (BP), oxygen consumption (VO2), oxygen pulse (O2P), ventilatory anaerobic threshold (VAT) and respiratory
exchange ratio (RER). Maximal exercise capacity was considered as RER having reached a value of at least 1.15. Peak values of the CPET
indices were compared between the two groups for each index separately by the two-tailed Student T test. P values < 0.05 were considered
statistically significant. Results: No significant differences were observed between groups A and B, respectively, as follows: age 58 ± 13 vs 59 ±
10; RER 1.17 ± 0.12 vs 1.17 ± 0.1; and peak O2P 108 ± 13 vs 102 ± 33. Significant differences between the two groups were observed in:
peak HR (% of predicted HR) 90 ± 8 vs 69 ± 12; peak VO2 (% of predicted VO2) 96 ± 9 vs 69 ± 11; and VAT (% of max VO2 predicted)
55 ± 8 vs 43 ± 9 (p < 0.05). Conclusions: Beta blockers in the treatment of hypertensive patients demonstrate a significant physiological
disadvantage compared to vasodilator treatment. These findings further validate the CPET as an important tool for physiological evaluation of
various treatments in hypertensive patients. J Clin Basic Cardiol 2008; 11 (online): 8–10.
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Material and Methods

Patients
42 pts diagnosed with mild to moderate hypertension, aged
46–70 years (24 men, 18 women, mean 59 ± 12), were stud-
ied retrospectively. They were selected from a pool of 102 pts
who underwent a CPET for evaluation of their physiological
status under hypertensive treatment. The selected pts were
divided into two groups based on their hypertensive treat-
ment: group A contained 16 pts treated with vasodilators only
(age 58 ± 13); and group B contained 26 pts treated with beta
blockers only (age 59 ± 10).

The criteria for selection were as follows:
• all pts were diagnosed with mild to moderate hyperten-

sion before starting any hypertensive treatment;
• all pts demonstrated a well-qualified CPET for collecting

relevant data for the study purpose, while taking their anti-
hypertensive medications at the test;

• pts with a history of ischemic heart disease (IHD), valvular
diseases, CHF, left ventricular dysfunction, atrial fibrilla-
tion, pulmonary diseases, peripheral vascular disease or
any neuromuscular degeneration were not selected for the
study;

• all selected pts were treated for hypertension alone, either
using vasodilators only (group A) or with beta blockers
only (group B), distribution was as follows:
Vasodilators
Ca++ channel blockers:
– Nifedipine 4 pts, verapamil 2 pts, amlodipine 2 pts,

diltiazem 1 pt
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ACE inhibitors:
– Enalapril 8 pts, ramipril 4 pts, cilazapril 2 pts
Angiotensin-2 receptor blockers (ARBS):
– Losartan 4 pts, candesartan 2 pts, valsartan 2 pts
From the above, 5 pts were treated with both Ca++
blockers and ACE inhibitors or ARBS.
Beta blockers
– Atenolol 19 pts, bisoprolol 4 pts, metoprolol 3 pts

CPET Protocol
An upright symptom-limited test was performed on an elec-
tronically braked cycle ergometer (Ergoline-800). After two
minutes of free pedaling, exercise was initiated at 20 W, fol-
lowed by a stepwise increase of 10–20 W every minute until a
predefined end point was reached, ie, symptoms, volitional
fatigue or attainment of target heart rate or respiratory ex-
change ratio (RER) of at least 1.15. Only pts who reached an
RER value of 1.15 or more at the exercise peak were selected
for the study.

Cardiopulmonary data were collected using an online
metabolic chart (CPX Medical Graphics, USA). Pts breathed
through a low-resistance, two-way valve (Hans-Rudolph,
USA) connected to the expiratory limb. The breath-by-
breath signals were integrated by a computer yield of 30-sec-
ond averages of heart rate (HR), minute ventilation (Ve),
oxygen uptake (VO2), carbon-dioxide output (VCO2) and
oxygen pulse (VO2/HR = O2P). Ventilatory anaerobic
threshold (VAT) was defined as the point at which the
ventilatory equivalent of oxygen (Ve/VO2) increased in ab-
sence of a similar increase of the ventilatory equivalent of car-
bon dioxide (Ve/VCO2) as described by Beaver et al [6].

Statistical Analysis
The Student two-tailed “t” test was used to compare between
the two groups for each index separately. P values < 0.05
were considered statistically significant.

Results
The mean age of all pts (n = 42) was 59 ± 11 years, and
breaks down into two groups as follows:

A) 58 ± 13 yrs (n = 16)
B) 59 ± 10 yrs (n = 26)

No statistical differences were found between the two
groups.

Table 1 summarized the group data of the CPET as mean
± SD and shows the comparison between the two groups.

No significant differences of peak RER and peak O2P are
demonstrated. The mean values of 1.17 for peak RER mean
that all pts reached their maximal exercise capacity without
significant differences between the two groups. On the other
hand, significant differences between the groups are shown
in peak HR, peak VO2 and VAT.

Figure 1 shows that in spite of significant reduction in
peak HR in the beta blocker group, no compensation of peak
O2P was demonstrated in the trial to improve cardiac output
under the negative chronotropic effect of the beta blockers.

Figure 2 demonstrates the significant differences of the
main cardiopulmonary indices – the peak VO2 and the VAT
between the two groups.

Discussion
In the last few years, questions have been raised about the use
of beta blockers as first-line therapy for hypertension. Several
large studies and meta-analyses have suggested that pts with
uncomplicated hypertension under treatment with beta
blockers may be at greater risk of stroke and no benefit for all-
cause mortality, cardiovascular morbidity and mortality [7].

One recent meta-analysis concludes that in comparison
with other antihypertensive drugs, like vasodilators, the ef-
fect of beta blockers is less than optimum, with a raised risk of
stroke. Hence, the authors believe that beta blockers should
not remain first choice in the treatment of primary hyperten-
sion [2]. Recent British guidelines mentioned that beta
blockers are recommended only as fourth-line hypertensive
therapy [8], and an evidence-based medicine review states
that beta blockers, especially atenolol, are less effective than
other antihypertensive drugs for reducing the risks of stroke
and all-cause mortality [9].

Table 1. Group comparison of the CPET indices at peak exercise

Group A (n = 16) Group B (n = 26)

Peak-HR(bpm) 146±12* 114±16*
% predicted HR 90±8* 69±12*
Peak VO2 (ml/kg/min) 23±4.5* 18±5*
% predicted peak VO2 96±9* 69±11*
Peak O2P(ml/beat) 14±2.4# 12±3.8#

% predicted peak O2P 108±13# 102±33#

VAT (ml of VO2) 1032±170* 817±239*
VAT (% of VO2max) 55±8* 43±9*
RER 1.17±0.12# 1.17±0.1#

HR = Heart Rate; VO2 = Oxygen Consumption; O2P = Oxygen
Pulse; VAT = Ventilatory Anaerobic Threshold; RER = Respiratory
Exchange Ratio.
* significant differences between the two values in the same line
# no significant differences between the two values in the same line

Figure 2. Comparison of the main significant cardiopulmonary indi-
ces: peak VO2 and VAT, both showing significant differences be-
tween the two groups.

Figure 1. Comparison of peak HR and peak O2P between the vaso-
dilator group (A) and the beta blocker group (B).
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In the present study, there is strong functional-physiologi-
cal support for the disadvantage of beta blockers compared to
vasodilators in antihypertensive treatment. It is argued that
the use of beta blockers in patients > 60 years is not rational
because of physiological changes, including a low cardiac
output, low heart rate etc [10]. In our study, pts were signifi-
cantly younger (59 ± 12; range 46–70), and a significantly
poorer functional-physiological performance with beta
blockers compared to vasodilators was demonstrated by the
CPET.

Another detail mentioned in the present study was the in-
clusion of several sorts of beta blockers in this very group of
pts, although the majority of pts took atenolol. Should it be a
limitation, especially with our small sample of pts? Not nec-
essarily. It was already described that no differences in higher
risk were shown when comparing all beta blocker treatment
with atenolol [2]. Therefore, we assumed that similar physi-
ological effects might be expected with several sorts of beta
blockers, not including those with vasodilatory effect like
carvedilol.

Replacing beta blockers with vasodilators such as angi-
otensin-converting enzyme inhibitors has been shown to
have positive impact on the quality of life, including im-
provement of physical activity-related symptoms, as well as
equally well-controlled blood pressure even with a lower
drug dose [11]. Since the primary hemodynamic hallmark of
essential hypertension has been described as elevated sys-
temic vascular resistance it is suggested, therefore, to reduce
vascular tone through the use of vasodilators. Angiotensin-
converting enzyme inhibitors were preferred in young to
middle-aged pts, whereas elderly pts may respond better to
calcium channel blockers [12].

The cardiopulmonary exercise test, which may signifi-
cantly enhance the clinical information available during exer-
cise obtained by concurrent measurement of respiratory gas
exchange [13], was performed in all pts for functional evalu-
ation under their anti-hypertensive treatment. Our findings
may add some physiological explanations to understand the
significant functional differences between the two studied
groups. The beta blocker group, compared to the vasodilator
group, shows significant reduction of peak HR, peak VO2
and VAT, and no difference of the peak O2 pulse between the
groups. This means that there is no compensation of stroke
volume, expressed by O2 pulse according to the Fick for-
mula, as demonstrated in the beta blocker group in spite of
the significant effect on peak HR reduction as expected by
this kind of drugs.

Furthermore, the peak O2 pulse tends to be lower, even
though not statistically significantly, under beta blocker treat-
ment. Since beta blockers might have negative inotropic and
chronotropic effects on the heart, our findings are well-ex-
plained. As a result, peak VO2, directly related to cardiac out-
put by the Fick formula and equaling peak O2 pulse multi-
plied by peak HR, has to be lower as demonstrated by the
present findings. Reduction of cardiac output (expressed by
VO2) might cause elevated systemic vascular resistance
which means increased afterload which may cause further
reduction of cardiac output. This physiological cascade
strongly supports the inferiority of beta blockers compared to
vasodilators as anti-hypertensive treatment. As shown in this
study (Tab. 1), the cardiopulmonary indices of the vasodila-
tor group are within the normal limits which support
strongly the superiority of this very anti-hypertensive treat-
ment. The reduction of the systemic vascular resistance by
these medications might explain the physiological advantage

as expressed and supported by our findings. On the other
hand, Table 1 shows that the treatment of beta blockers does
cause, as expected, significant reduction in peak VO2 and
VAT, while demonstrating a similarly adequate effort in both
groups (RER = 1.17 ± 0.12 vs 1.17 ± 0.1, respectively; p =
ns). These findings might not be in accordance with those of
Savolainen et al who report a similar effect of ACE inhibitors
(cilazapril) as well as of beta blockers (atenolol) on aortic
stiffness in essential hypertension [14]. On the other hand,
Kraft et al report that higher peak aerobic capacity in hyper-
tensive pts is not associated with lower aortic stiffness, unlike
in healthy normotensive subjects [15]. All this means that the
mechanisms and the clinical significance of aerobic capacity
as well as of aortic stiffness and correlations between them
under anti-hypertensive treatment deserve further studies
with larger samples of pts.

No significant difference of peak O2 pulse between the
groups is shown in our study (Tab. 1), which may support
some relative compensation of the stroke volume to the over-
all cardiac output reduction in beta blocker pts, in spite of an
expected negative inotropic effect of these very medications.

In conclusion, a CPET might serve as an applicable and
effective tool for functional-physiological evaluation of anti-
hypertensive treatment. The findings of the present study
support physiologically the present trend of preferring other
medications than beta blockers for anti-hypertensive treat-
ment.
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