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Summary. Patients  treated with beta-blocking agents often 
complain of fatigue during exercise. Exercise capacity is 
decreased under this  condition. Nebivolol is a new betal- 
adrenoceptor  antagonist  with a par t icular  hemodynamic pro- 
file, which might  be due to an ancil lary property. Five milli- 
grams once daily seems the optimal dose for antihypertensive 
treatment. In a double-blind, placebo-controlled crossover 
study, the effects of  nebivolol on maximal and endurance 
exercise capacity are compared with those of  atenolol in 
healthy volunteers. The hemodynamic and metabolic effects 
during exercise are also studied. Nebivolol 5 mg once daily 
and atenoloi 100 mg once daily decrease blood pressure at  
rest similarly. At these dosages nebivolol shows a smaller 
decrease in heart rate than atenoiol. During exercise, the rise 
in systolic blood pressure and heart rate is less depressed 
with nebivolol than  with atenolol.  In contrast to atenolol, 
nebivolol does not decrease maximal and endurance exercise 
capacity, and does not  increase perceived exertion signifi- 
cantly. Changes in hemodynamics influence maximal exer- 
cise capacity. Since nebivolol has less effect on exercise he- 
modynamics t han  atenolol,  this  might  explain why maximal 
work capacity is not changed during nebivolol. During endur- 
ance exercise metabolic effects are thought  to be more impor- 
tant .  Under nebivoiol glycerol and NEFA production is less 
depressed during exercise and might  explain the preserved 
endurance capacity. These data suggest less beta blockade 
during nebivoiol than  during atenolol at  the dosages used in 
this study. In conclusion, at  a dose known to be ant ihyperten-  
sive, nebivolol does not al ter  exercise capacity significantly 
in heal thy volunteers.  
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Beta-blocking agents are widely used in the treat- 
ment of hypertension and cardiac diseases. Patients 
treated with these drugs often complain of fatigue 
during exercise. Maximal exercise capacity [1-5] and 
endurance performance [6-12] are diminished during 
beta-adrenoceptor blockade in hypertensive as well as 
in normotensive subjects. Drug-induced changes in 
hemodynamics predominantly influence maximal ex- 
ercise capacity, but during endurance performance 
metabolic effects play an important role [13]. A de- 
creased exercise performance can alter the quality of 
life of physically active patients. On the other hand, 

beta-blocking agents can increase exercise capacity in 
patients with angina pectoris by delaying pain and 
other ischemic signs. These antiischemic effects of 
beta-blocking drugs are not the scope of this study. 

Nebivolol is a newly developed selective beta 1- 
adrenoceptor antagonist with a particular hemody- 
namic profile. In contrast to other beta-adrenergic an- 
tagonists, nebivolol acutely lowered arterial blood 
pressure in spontaneously hypertensive rats and in 
hypertensive patients. In healthy volunteers, nebivo- 
lol (5 rag) lowered systemic vascular resistance during 
daily oral treatment and did not negatively affect left 
ventricular function [14]. This suggests an ancillary 
property, apart from the betal-adrenoceptor antago- 
nism. The nature of this ancillary property is still 
unknown. In vitro and in vivo, animal studies did 
not show alpha, serotonin2, nor calcium antagonism. 
There was also no evidence for intrinsic sympathico- 
mimetic activity [14]. In hypertensive patients, the 
antihypertensive effect of nebivolol 5 mg once daily 
was greater than that of 2.5 mg once daily. A dose of 
10 rag/day did not enhance the antihypertensive effect 
[15,16]. 

In this study, the effects of nebivolol on maximal 
and endurance exercise performance were compared 
with those of atenolol. The hemodynamic and recta- 
bolic effects of the two drugs during exercise were 
also studied. Since atenolol and nebivolol are antihy- 
pertensive drugs, comparison of dosages, inducing a 
similar blood pressure lowering effect at rest, is clini- 
cally relevant. 

In a pilot study, atenolol 100 mg and nebivolol 5 mg 
once daily decreased blood pressure equally in healthy 
subjects. The equipotent antihypertensive effect of 
atenolol 100 mg and nebivolol 5 mg once daily has 
also been shown in hypertensive patients by means of 
24-hour ambulatory blood pressure monitoring [17]. 

Subjects  a n d  M e t h o d s  

Subjects 
Before the study, volunteers underwent a progressive 
maximal exercise test for the determination of maxi- 
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mal aerobic work capacity (Wma x) on a bicycle ergome- 
ter. Females started the exercise test at 50 W, while 
males started at 100 W workload for 5 minutes. Subse- 
quently, workload was increased every 3 minutes by 
50 W (or 25 W if heart rate was more than 160 beats/ 
min), until exhaustion. Volunteers who were able to 
perform an endurance exercise test (at 70% of the pre- 
determined Wma X) for at least 30 minutes were se- 
lected. 

Twenty-one apparently healthy volunteers entered 
and completed the study. Volunteers (males 15; fe- 
males 6) were 23 -+ 1 years (19-31 years); their weight 
was 71 - 2 kg (53-86 kg) and their height was 178 - 
2 cm (160-192 cm). In all volunteers serum levels of 
liver enzymes were less than three times the up- 
per limit of normal and serum creatinine was <115 
~Lmol/1. Volunteers were active in sports at least on 
a recreational level. Their maximal aerobic exercise 
capacity ranged from 160 to 367 W. 

Study design 
Volunteers entered a double-blind, placebo-con- 
trolled, three-way crossover study and were given, 
in random order, nebivolol (solution) 5 rag, atenolol 
(tablets) 100 rag, and placebo once daily for 2 weeks 
each, following the double-dummy technique. Be- 
tween treatment periods, there was a 3-week drug- 
free washout period. Atenolol and placebo tablets, as 
well as nebivolol and placebo solution, were identical 
in appearance. On day 10 of each treatment period, 
volunteers performed a progressive maximal exercise 
test. On day 14 a submaximal endurance test until 
exhaustion (at 70% of predetermined Wmax) was per- 
formed on a bicycle ergometer (Lode, Groningen, The 
Netherlands). Exhaustion was defined as the moment 
at which pedaling rate could not be maintained above 
50 rpm. Exercise tests were performed when peak 
effects of atenolol and nebivolol were anticipated, 3-4 
hours after the last administration of the drug. Exer- 
cise tests in each subject were also carried out at the 
same time of the day. Volunteers were asked to keep 
all factors--especially physical exercise--as constant 
as possible throughout the whole study period. In ad- 
dition, subjects were asked not to consume alcohol, 
coffee, or nicotine on the day of the test and to avoid 
strenuous physical exercise during the 24 hour pre- 
ceding the test. Volunteers were also asked to take a 
small meal 2 hours before the test. The study was 
approved by the Ethical Committee of the University 
of Limburg. All volunteers gave their written in- 
formed consent. Volunteers were asked about their 
compliance. Volunteers' compliance was also checked 
by counting tablets and by measuring plasma levels 
of the drugs. 

Protocol of the maximal exercise test 
After cannulation of an antecubital vein, blood was 
drawn for baseline analysis. Resting blood pressure 
and heart rate were measured in sitting position after 

10 minutes of rest. Exercise started at 100 W or 50% 
of the predetermined maximal work capacity (Wmax) if 
<100 W for 6 minutes. Subsequently, workload was 
increased with 10% of predetermined Wmax every 3 
minutes until exhaustion. At 100 W or 50% of prede- 
termined Wmax, blood pressure was measured and car- 
diac output was assessed using the C02 rebreathing 
technique [18,19]. Variation of this technique is less 
than 5% during exercise [20,21]. 

Throughout the test minute ventilation (VE) , 02 
consumption (V02), and respiratory exchange ratio 
(R) were measured continuously and averaged per 30 
seconds. During the last 30 seconds of each workload, 
at exhaustion, and after 3 minutes of recovery, sys- 
tolic blood pressure (up to 80% Wmax), heart rate, and 
perceived exertion were measured and venous blood 
was drawn for the determination of lactate, glucose, 
potassium, glycerol, and nonesterified fatty acid 
(NEFA) concentrations. 

Protocol of the submaximal endurance test 
After cannulation of an antecubital vein, blood was 
drawn for baseline analysis. Resting blood pressure 
and heart rate were measured in the sitting position 
after 10 minutes of rest. Submaximal exercise at 70% 
of the predetermined maximal work capacity was per- 
formed until exhaustion or for 90 minutes. At regular 
time intervals (5, 10, 15, 20, 30, 40, 50, 60, 70, 80, and 
90 minutes) during exercise, at exhaustion, and at 3, 
6, and 10 minutes during recovery, systolic blood 
pressure, heart  rate, and perceived exertion were 
measured and blood was drawn for the determination 
of the hemoglobin, hematocrit, potassium, glucose, 
glycerol, NEFA,  and lactate. From changes in hemo- 
globin and hematocrit, changes in plasma volume dur- 
ing exercise were calculated according to Costill and 
Fink [22]. 

Methods 
Heart  rate (HR) was measured by ECG and blood 
pressure with a mercury sphygmomanometer (resting 
diastolic blood pressure: Korotkoff V; diastolic blood 
pressure at 100 W or 50% Wma x exercise: Korotkoff 
IV). Minute ventilation (VE), oxygen consumption 
(V02), respiratory exchange ratio (R), and cardiac 
output (Q; CO 2 rebreathing) were measured with an 
automated device (Eos sprint, Jager, Freiburg, Ger- 
many). Perceived exertion was measured using the 
Borg scale [23]. Blood was immediately centrifuged 
for 1 minute. Serum and plasma were rapidly frozen 
in dry ice and stored at -70°C until assayed. Plasma 
levels of glucose and lactate (Cobas auto analyzer) and 
serum levels of glycerol [a modification of the triglyc- 
eride (Neutralfett) test combination, Boehringer 
Mannheim] were measured enzymatically. Serum 
N EF A  concentrations were determined colorimetri- 
cally [24]. Plasma levels of K ÷ were determined by 
flame photometry (Instrumentation Laboratory 243). 
Plasma levels of atenolol and nebivolol were deter- 
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mined at baseline (3 hours after the last administra- 
tion of the drug) and assayed by HPLC [25,26]. 

Data analysis 
Data are presented as mean -+ SEM. Data in the fig- 
ures are shown by bars and curves. The x axis of the 
maximal exercise curve figures show data at rest, at 
100 W, and at increasing workloads, expressed as a 
percentage of the predetermined Wma x. The x axis of 
the endurance exercise curve figures is the time axis, 
representing the number of minutes cycled by the 
subjects. Bars and curves show the means of all 21 
volunteers. This means that in each crossover period 
all volunteers cycled up to 80% or more of their prede- 
termined Wmax during the maximal exercise test and 
for at least 20 minutes during the endurance test. The 
last point during exercise is the value at exhaustion, 
which is shown at the appropriate average workload 
or exercise time. Recovery starts at exhaustion. 
Therefore, values representing exhaustion and 0 min- 
utes of recovery are identical. 

Statistical analysis was performed by nonparamet- 
ric analysis of variance and Zerbe's randomization test 
for curves [27] with Scheffe's procedure for intergroup 
comparison, p < 0.05 was considered statistically sig- 
nificant. The following calculations were made: stroke 
volume (SV) = Q/HR; mean arterial pressure (MAP) 
= diastolic blood pressure (DBP) + 1/3 [systolic 
blood pressure (SBP) - DBP]; total peripheral resis- 
tance (TPR) = MAP/Q. 

Results 

No major changes in the volunteers' physical activity 
were reported during the study. Volunteer compli- 
ance was good, as measured by counting tablets 
(never less than 13 tablets were taken during the 
14-day period), by measuring solution volume, and by 
detection of atenolol and nebivolol in plasma samples. 
All volunteers had detectable plasma levels of atenolol 
and nebivolol in the appropriate period. Plasma levels 
of atenolol ranged from 129 to 959 ng/ml. Apart from 
three subjects with higher nebivolol plasma levels 
(8.5, 14.6, and 17.8 ng/ml, respectively), plasma levels 
of nebivolol ranged from 0.17 to 3.07 ng/ml. Data on 
resting blood pressure and heart rate are shown in 
Figure 1. Mean arterial pressure (MAP) at rest was 
91 -+ 1 mmHg (SBP: 118 -+ 3 mmHg; DBP: 77 -+ 1 
mmHg) and decreased (p < 0.01) similarly during 
atenolol (83 -+ 2 mmHg) and nebivolol (84 - 2 mmHg). 
Heart rate was 82 _+ 4 beats/min during placebo and 
decreased (p < 0.001) during atenolol (62 -+ 2 beats/ 
min) and nebivolol (68 -+ 3 beats/min). Hemodynamics 
during exercise at 100 W are shown in Table 1. MAP 
and heart rate decreased (p < 0.005) during atenolol 
and nebivolol at 100 W exercise. The atenolol-induced 
heart rate reduction was larger (p < 0.005) than that 
due to nebivolol. At 100 W exercise, stroke volume 
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Fig. 1. Resting blood pressure (BP) and heart rate (HR) 
for  placebo, atenolol, and nebivolol. [] placebo; ~ atenolol; 
• ~ebivolol. *p < 0.05, ***p < 0.001 (ate~zolol-placebo); 
°p < 0.05, °°p < 0.01, OOOp < 0.001 (nebivolol-placebo). 

Table 1. Hemodynamics during exercise at 100 W 
(mean +- SEM) 

Placebo Atenolol Nebivolol 

Heart rate (beats/ 121 -+ 4 94 -+ 3 a 102 -+ 3 b'¢ 

min) 
Systolic BP (mmHg) 153 -+ 4 134 -+ 3 a 138 -+ 3 b 

Diastolic BP 75 -+ 3 71 -+ 2 70 -+ 2 
(mmHg) 

Mean arterial pres- 101 +- 3 92 +- 2 a 92 -+ 2 b 
sure (mmHg) 

Cardiac output 14.3 -+ 0.6 14.2 +- 0.8 15.0 +- 0.8 
(1/min) 

Stroke volume (ml) 121 -+ 6 156 -+ 11 a 152 -+ 11 b 
Total peripheral 7.2 -+ 0.2 6.8 -+ 0.3 6.5 +- 0.3 b 

resistance 
(mmHg-min/l) 

aSignificant difference between placebo and atenolol. 
bSignificant difference between placebo and nebivolol. 
cSignificant difference between atenolol and nebivolol. 

increased (p < 0.001) similarly during atenolol and 
nebivolol. In contrast to atenolol, nebivolol tended 
(NS) to increase cardiac output. Nebivolol decreased 
(p < 0.03) the calculated total peripheral resistance 
during exercise (100 W). 

Systolic blood pressure and heart rate curves dur- 
ing exercise are shown in Figure 2. The rise in systolic 
blood pressure was significantly smaller under ateno- 
lol than under nebivolol during endurance perfor- 
mance and tended to be smaller during maximal exer- 
cise. Exercise-induced tachycardia was less depressed 
under nebivolol than under atenolol during maximal 
and endurance exercise. Maximal heart rate averaged 
187 beats/min during placebo and decreased to 161 
beats/min with nebivolol (14%) and 140 beats/min 
with atenolol (25%). 

Maximal workload was 263 -+ 15 W during placebo, 
251 -+ 15 W during atenolol (p < 0.02), and 256 -+ 16 
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Fig. 2. Systolic blood pressure (2A) and heart rate (2B) curves during maximal  and endurance exercise tests. • placebo; 0 ateno- 
lol; [] nebivolol. Significant difference between *atenolol and placebo, °nebivolol and placebo, "atenolol and nebivolol. A: S E M  
did not exceed 6 mmHg for  placebo and nebivolol, and 5 mmHg for atenolol. B: SEM did not exceed 5 beats~rain for  placebo and 
3 beats~rain for  atenolol and nebivolol. 

W during nebivolol (NS). VO2max was 3.40 -+ 0.17 
l/rain during placebo, was decreased (p < 0.03) during 
atenolol (3.22 -+ 0.19 l/rain), and was 3.37 -+ 0.19 1/ 
rain (NS) during nebivolol (Figure 3). Submaximal en- 
durance time was reduced from 65 -+ 5 minutes during 
placebo to 50 + 5 minutes during atenolol (p < 0.001) 
and was not significantly affected during nebivolol (61 
-+ 5 minutes) (Figure 3). During maximal exercise 
testing, no significant differences in perceived exer- 
tion rating (RPE) (Figure 4) curves were seen be- 
tween placebo, atenolol, and nebivolol. During endur- 
ance exercise, RPE curves did not differ between 
placebo and nebivolol, but RPE was significantly (p 
< 0.02) increased with atenolol. Serum NEFA and 
glycerol concentration curves are shown in Figure 5. 
During recovery of endurance exercise, NEFA and 
glycerol concentrations were reduced during atenolol 
and nebivolol as compared to placebo. These reduc- 

tions tended to be more pronounced during atenolol 
than during nebivolol. Plasma potassium concentra- 
tions (Figure 6) during endurance exercise were sig- 
nificantly higher during atenolol than during placebo 
and nebivolol (p < 0.02). Although lactate concentra- 
tion curves did not differ during exercise, lactate con- 
centrations at maximal exercise were lower during 
atenolol (10.0 -+ 0.6 mmol/1; p < 0.05) and nebivolol 
(10.3 _+ 0.7 mmol/1; NS) than during placebo (11.6 _+ 
0.8 mmol/1). Changes in plasma volume during exer- 
cise and plasma concentrations of sodium and glucose 
did not differ among the three groups. 

D i s c u s s i o n  

As stated in the introduction, the aim of this study 
was to investigate the reduction in exercise capacity, 
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Fig. 3. Maximal oxygen consumption (V02 max) and endurance exercise time during placebo, atenolol, and nebivolol. [] placebo; 
atenolol; • nebivolol. *p < 0.05, **p < 0.01 (atenolol-placebo). 
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Fig. 4. Rating of perceived exertion measured with the 20-point Borg scale during maximal and endurance exercise tests. • pla- 
cebo; 0 atenolol; [] nebivolol. Significant difference between *atenolol and placebo. SEM did not exceed 0.5 for placebo, atenolol, 
and nebivolol. 

a well-known and, for physically active patients, dis- 
turbing side effect of classical beta-blocking drugs. 
This study did not investigate, for patients with an- 
gina pectoris, the beneficial effect of beta-blocking 
drugs on exercise time by delaying pain and other 
symptoms of heart ischemia. Based on plasma levels 
of nebivolol, two volunteers are probably poor metab- 
olizers for nebivolol, while one might be an intermedi- 

ate metabolizer. This is in accordance with the inci- 
dence of poor metabolizers for debrisoquine in the 
general population. Volunteers' heart rate at rest was 
relatively high during placebo. This might be ex- 
plained, at least in part, on the one hand, by the posi- 
tion of the volunteer and timing of the measurement, 
immediately before starting the exercise test with the 
volunteer already sitting on the bicycle ergometer, 
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Fig. 5. Serum free fatty acid (NEFA) (5A) and serum glycerol (5B) concentration curves during maximal and endurance exercise 
tests. • placebo; 0 atenolol; [] nebivolol. Significant difference between *atenolol and placebo; °nebivolol and placebo. A: SEM did 
not exceed 0.08, 0.03, and 0.07 mmol/l for placebo, atenolol, and nebivolol, respectively. B: SEM did not exceed 0.03, 0.04, and 
0.02 mmol/l for placebo, atenolol, and nebivolol, respectively. 

and, on the other hand, by the volunteer study popula- 
tion; all volunteers were familiar with physical exer- 
cise, but the majority were not well-trained athletes. 

This study shows that in apparently healthy sub- 
jects nebivolol 5 mg once daily and atenolol 100 mg 
once daily cause an equivalent decrease in resting 
blood pressure. In contrast, atenolol tended to reduce 
heart rate at rest more than nebivolol. 

Maximal exercise capacity is reduced during beta- 
adrenoceptor blockade in normotensive as well as in 
hypertensive subjects [1-5]. This reduction ranged 
from 2 to 15% [28]. In confirmation of these observa- 
tions, in this study maximal work capacity was statis- 
tically significantly decreased (5%) during atenolol 
treatment but was not reduced during nebivolol. 

Since during normal and recreational physical ac- 
tivity maximal work capacity will usually not be 
reached, a small decrease in maximal work capacity 
does not need to alter the perception of the quality of 
life. However, reduced exercise endurance perfor- 

mance at submaximal exercise may alter the quality 
of life in physically active patients. A reduction in en- 
durance capacity during beta-adrenoceptor blockade 
has been well documented [6-12]. In this study ateno- 
lol decreased the endurance time significantly (23%). 
In contrast to classical beta-adrenoceptor blocking 
drugs, nebivolol did not decrease endurance time sig- 
nificantly (6%) in healthy volunteers. Since in previous 
studies with classical beta blockers no difference in 
the effect on exercise capacity has been found be- 
tween normotensive and hypertensive subjects [28], 
for nebivolol similar results might be expected in hy- 
pertensive patients. The decrease in endurance time 
during nebivolol was comparable with that during an- 
tihypertensive treatment with the calcium antagonist 
verapamil (8%) [29] and the ACE inhibitors enalapril 
(12%) and captopril (9%) [30,31]. Complaints related 
to this small decrease in endurance exercise capacity 
are not common during treatment with calcium antag- 
onists and ACE inhibitors. This suggests that during 
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Fig. 6. Plasma potassium concentration curves during maximal  and endurance exercise tests. • placebo; 0 atenolol; [] nebivolol. 
Significant difference between *atenolol and placebo and *atenolol and nebivolol. SEM did not exceed 0.1 mmol/ l  for  placebo, aten- 
olol, and nebivolol. 

nebivolol treatment,  the quality of life might also be 
preserved in this respect. This possible difference in 
the effect on the quality of life between nebivolol and 
classical beta blockers is supported by the results ob- 
tained with the Borg scale. Classical beta blockers 
increase perceived exertion [3]. In the present study 
atenolol also increased perceived exertion during en- 
durance exercise performance, while nebivolol did not 
do so significantly. 

In this study, both at rest and at 100 W exercise, 
mean arterial pressure decreased similarly during 
atenolol and nebivolol, though heart rate decreased 
more during atenolol. Stroke volume was similarly in- 
creased during atenolol and nebivolol at 100 W exer- 
cise. During exercise cardiac output is usually de- 
creased by beta-blocking agents [28]. In contrast to 
our findings in a previous study [5], in the present 
study no significant decrease in cardiac output was 
seen during atenolol at 100 W exercise. However, car- 
diac output tended to be higher during nebivolol than 
during atenolol. Total peripheral resistance decreased 
during nebivolol at 100 W exercise. It is not clear 
whether this effect was due to less beta~ 2 blockade or 
to some slight vasodilating properties of nebivolol, 
which might explain why, despite less cardiac beta 
blockade, in healthy subjects nebivolol 5 mg daily 
shows a similar antihypertensive effect as atenolol 100 
mg daily. 

During endurance exercise at 70% of the predeter- 
mined maximal work capacity (which is a workload 
>100 W), not only heart rate but also systolic blood 
pressure was lower with atenolol than with nebivolol, 
suggesting a larger degree of beta blockade with 
atenolol. 

The hemodynamic effects of beta blockers are 
thought to play a major role in the alterations of maxi- 
mal exercise capacity. A positive relationship between 
the percent reduction in maximal heart rate and in 
maximal work capacity has been shown with a thresh- 
old at 15-20% reduction. A maximal heart rate reduc- 
tion below this threshold did not decrease maximal 
work capacity [32]. In this study maximal heart rate 
reduction with nebivolol was below the threshold 
(14%), while that with atenolol was above the thresh- 
old (25%). This might explain why nebivolol did not 
change maximal exercise capacity. 

During endurance performance metabolic effects 
play an important role [13]. With regard to metabolic 
aspects, plasma glucose levels during beta blockade 
were decreased during exercise in fasted subjects and 
also during maximal exercise with beta~ 2 blockade [28]. 
In this study, no change in plasma glucose levels was 
seen. Decreased glucose levels were not expected, 
since subjects were not fasting and since atenolol and 
nebivolol are betal-selective drugs [14]. 

The literature data on the influence of beta block- 
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ade on plasma lactate during maximal and endurance 
exercise are inconsistent. In the present study plasma 
lactate concentration curves did not differ among pla- 
cebo, atenolol, and nebivolol. 

N E F A  are an important energy source for skeletal 
muscle, especially during prolonged exercise [28]. Se- 
rum levels of N E F A  and glycerol are a result of for- 
mation by lipolysis and utilization for energy supply 
and gluconeogenesis. During recovery from exercise, 
N E F A  utilization decreases abruptly, while NEFA 
production continues for some minutes. Therefore, 
the increase in serum N E F A  concentration during re- 
covery is a measure for lipolysis. Lipolysis is inhibited 
by beta-blocking drugs. This inhibition was more pro- 
nounced during atenolol than during nebivolol. Dur- 
ing and after maximal exercise, serum glycerol and 
N E F A  concentrations did not differ between placebo, 
atenolol, and nebivolol. The lack of increased N E F A  
levels after maximal exercise suggests that during 
maximal exercise lipolysis is not important for energy 
supply. 

During beta blockade, plasma potassium increases 
during exercise due to a reduced uptake of K + in in- 
active tissue [33]. The increase in K ÷ concentration 
appears similar after beta1 and nonselective beta- 
adrenoceptor blockade [9,34,35]. The loss of potas- 
sium during muscle contractions might affect muscle 
membrane excitability, reduce contractility, and in- 
crease fatigue [36]. In this study plasma potassium 
was increased during atenolol but not during nebi- 
volol. 

This study shows that, at dosages of atenolol and 
nebivolol that produce a similar blood pressure reduc- 
tion at rest  and at 100 W exercise, nebivolol does not 
alter maximal work capacity, endurance performance, 
or perceived exertion. These objective (endurance 
time) and subjective (perceived exertion) findings are 
unexpected for a beta-blocking drug and suggest that 
during nebivolol t reatment  quality-of-life perception 
in physically active patients might be preserved. Two 
explanations for these surprising findings may be con- 
sidered: a smaller degree of beta blockade during 
nebivolol or an ancillary property, as also suggested 
by previous studies [14]. The hemodynamic (heart 
rate and systolic blood pressure) and metabolic (glyc- 
erol and NEFA) effects, and the change in plasma 
potassium during exercise, indicate that, at the dos- 
ages used, atenolol has a more pronounced beta- 
blocking effect than nebivolol. In confirmation of liter- 
ature data [33], this different degree of beta blockade 
might explain the difference in maximal work capacity 
between nebivolol and atenolol. Although not fully 
established, such a relationship between the degree 
of beta blockade and endurance performance is very 
likely. This might explain why the well-documented 
reduction in endurance capacity during beta-blocker 
t reatment  does not seem present during treatment  
with nebivolol, because full beta blockade is not 
achieved with nebivolol 5 mg once daily. However, an 

ancillary property,  which might influence favorably 
endurance capacity, cannot be excluded. Fur ther  in- 
vestigation is needed to determine the equipotent 
beta-blocking dosages for atenolol and nebivolol and 
to investigate the nature of a possible ancillary antihy- 
pertensive property of nebivolol. 
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