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Summary. Hypertension is a chronic medical condition in which the systemic arterial blood pressure is 
elevated. Persistent hypertension is one of the risk factors for stroke, myocardial infarction, heart failure 
and arterial aneurysm, and is a leading cause of chronic kidney failure. The -blockers have been used 
for hypertension treatment for over 40 years, but their effect on cardiovascular morbidity and mortality in 
hypertensive patients remains divisive and its use in uncomplicated hypertension is presently under 
discussion. Carvedilol, a vasodilating non-cardioselective -blocker, is a compound that seems to give 
the prospect to the physician to use a cardioprotective agent without the concerning hemodynamic and 
metabolic actions of traditional -blocker therapy. This article attempts to examine the potential use of 
this agent for hypertension treatment. Carvedilol maintains cardiac output, has a less extended effect on 
heart rate and reduces BP by decreasing vascular resistance. Furthermore, a number of studies have 
shown that carvedilol has a beneficial or at least neutral effect on metabolic parameters, such as 
glycemic control, insulin sensitivity, and lipid metabolism, indicating that it could be used in patients with 
the metabolic syndrome or diabetes without negative consequences. However, future prospective 
clinical trials are needed to draw a definite conclusion. 
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INTRODUCTION  

Hypertension represents the most com-
mon cardiovascular risk factor. Its prevalence 
is continuously rising, affecting more than 25% 
of the adult population in developed societies 
[1, 2, 3]. Previous studies have clearly shown 
longitudinal associations between hyperten-
sion and coronary artery disease, myocardial 
infarction, stroke, congestive heart failure, and 
peripheral vascular disease [4, 5]. The USA 
Joint National Committee Guidelines (JNC 7) 
on hypertension published in 2003 simplifies 
the classification of BP for adults. According to 
this classification, the normal BP level is less 
than 120/80mm of Hg . Systolic BP levels be-
tween 120 and 139 mm Hg and diastolic be-
tween 80 and 89 mm Hg are now designated 
as prehypertension (previously designated nor-
mal and high normal). Hypertension is still de-
fined as a systolic BP level of 140 mm Hg or 
higher or diastolic BP level of 90 mm Hg or 
higher, but it is now stratified into 2 stages) [6]. 
Even the European Society of Hypertension 
(ESH) and the European Society of Cardiology 
(ESC) published their own guidelines on hy-
pertension treatment in 2003 [7]. In the phar-
macological management of hypertension, 
beta-blockers are no longer recommended as 
first-line therapy, as they may be less effective 
in reducing major cardiovascular events, par-
ticularly stroke, than other drug combinations 
[8]. They act as though patients were made 
hemodynamically “older” by decreasing car-
diac output and increasing systemic vascular 
resistance [9] and do not reduce pulse pres-
sure or arterial compliance [10]. These proper-
ties make them less effective in treating sys-
tolic hypertension and relatively ineffective and 
poorly tolerated in the elderly patient [9]. But 
on the other hand carvedilol, as a vasodilating 
beta-blocker, contrasts with the hemodynamic 
profile of traditional beta-blockers in hyperten-
sive patients; it maintains cardiac output, de-
creases blood pressure by decreasing sys-
temic vascular resistance and increases renal 
blood flow [11, 12] and appears to exert a re-
gressive effect on LV hypertrophy [13]. The 
present article reviews the existing data on the 
effects of carvedilol on blood pressure whether 
this agent could be useful in the treatment of 

hypertension when compared to the other 
beta-blockers. 

PHARMACOKINETICS  
AND PHARMACODYNAMICS OF CARVEDILOL 

Carvedilol is a third-generation, vasodilat-
ing noncardioselective -blocker which doesn’t 
have intrinsic sympathomimetic activity. Addi-
tionally, it has blocking effects at vascular 1-
receptors [14]. Experimental models exhibit 
that carvedilol blocks 1-, 1-, and 2- adren-
ergic receptors [15] without showing high lev-
els of inverse agonist activity. As it has no in-
verse agonist activity and intrinsic sympath-
omimetic activity, so it reduces the side-effects 
and makes the compound better tolerated than 
the other -blockers [16]. 

Carvedilol is rapidly absorbed after an oral 
dose, reaching peak plasma drug concentra-
tions within 1 to 2 hours. Food will interfere 
with the absorption of the drug. The plasma 
half-life of carvedilol varies from 7 to 10 hours 
in most subjects; so the drug needs twice-daily 
dosing. In blood, 98% of the drug are bound to 
plasma proteins, mainly to albumin [17]. The 
pharmacokinetic profile is not altered in the 
elderly or in patients with renal disease. How-
ever, bioavailability of the oral medication is 
greatly increased in patients with liver disease 
[17]. Carvedilol is almost exclusively metabo-
lized by the liver and its metabolism is influ-
enced by genetic polymorphism of cytochrome 
P-450 2D6 activity. Less than 2% of the parent 
drug are excreted in the urine. One of its me-
tabolite, 4-hydroxyphenyl metabolite, is having 

-adrenoreceptor-antagonist activity, which is 
approximately 13 times as potent as carvedilol. 
Nearly 60% of these metabolites are secreted 
with bile and excreted with the faeces [18, 19].  

Dosage and administration: Most patients 
with mild-to-moderate hypertension react to an 
oral carvedilol dose of 25 mg administered 
once daily but if necessary this can be in-
creased to 50 mg/day. All patients must initially 
get 12.5 mg daily for the first 2 days of therapy, 
and the maximum total daily dosage should 
not exceed 50 mg. The recommended dosage 
for elderly hypertensive patients is 12.5 mg 
once daily; this can be titrated (at intervals of 2 
weeks) up to a maximum of 50 mg/day. In 
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clinical studies, most patients with stable an-
gina pectoris or congestive heart failure re-
ceived 12.5 to 50 mg twice daily [15]. 

EFFECTS OF CARVEDILOL IN HYPERTENSION 

Majority of antihypertensive agents cause 
a decrease in vascular resistance while spar-
ing cardiac output, but traditional -blockers 
follow a different rule. The non-vasodilating -
blockers reduce BP by decreasing in cardiac 
output, sympathetic outflow, and, probably, 
renin release while systemic vascular resis-
tance remains unchanged or even enhanced 
[20, 21]. R. Eggertsen et al. showed that car-
vedilol given orally (25 mg b.i.d. or 50 mg b.i.d) 
has a useful antihypertensive effect both 
acutely and during prolonged treatment of hy-
pertension. It is well tolerated and its hemody-
namic profile is attractive [22]. In a clinical trial, 
M. E. Heber et al. suggested that carvedilol will 
be a useful first-line drug for treatment of es-
sential hypertension, and its vasodilating ac-
tion may have a more favorable effect on left 
ventricular function than conventional beta-
blocking drugs [23]. A randomized controlled 
trail in 81 elderly patients (greater than or 
equal to 60 years) with essential hypertension 
showed that carvedilol (25 mg/once daily) is an 
alternative substance for lowering high blood 
pressure in elderly hypertensive patients [24]. 

Carvedilol appears to lower BP by de-
creasing peripheral vascular resistance, with-
out affecting cardiac output; due to the 1-
adrenergic blocking effect, which accounts for 
its vasodilatory effects. This hemodynamic 
effect of carvedilol is similar to those of ACE 
inhibitors and calicum channel blockers [18] 
and it can be estimated to have a more steady 
BP lowering effect than the traditional -
blockers, such as atenolol or metoprolol [20]. 

Hypertension is associated with the devel-
opment of left ventricular hypertrophy (LVH). 
Most of antihypertensive agents have been 
shown to cause regression of LVH, however -
blockers seem to be less effective to this end 
[22, 23]. Atenolol failed to reduce LVH in the 
elderly when compared with verapamil as 
shown by Schulman et al. (1990) [25]. Gal-
zerano et al. (2005) [26] reported a superior 
left ventricular mass regression with telmisar-

tan versus carvedilol, the latter may have a 
more beneficial effect on LVH compared with 
the conventional -blockers, due to its vasodi-
lating properties [20, 27]. 

Hypertension is a significant risk factor and 
is present in 75% of patients with heart failure, 
so that effective reduction of blood pressure 
reduces the risk of heart failure by 30-50%. R. 
Cristodorescu et al. (2004) have studied the 
effectiveness and tolerance of beta-blockers 
(meteoprolol, bisoprolol or carvedilol) given on 
the top of the conventional therapy in heart 
failure due to left ventricle systolic dysfunction 
in patients > or = 70 years (n = 57, group 1) 
and < 70 years (n = 101, group 2) and they ha-
ve concluded that beta-blockers should be 
tried in all heart failure patients without contra-
indication irrespective of age [28]. Further mo-
re, a meta-analysis of randomized trials (n = 
4217) of two multi-national, double-blinded, 
placebo-controlled randomized trials, CAPRI-
CORN (Carvedilol Post-infarct Survival Control 
in Left Ventricular Dysfunction Study) and CO-
PERNICUS (Carvedilol Prospective Random-
ized, Cumulative Survival study) suggested 
that the benefits of carvedilol therapy in pa-
tients with systolic left ventricular dysfunction 
with or without symptoms of heart failure are 
consistent even in the presence of mild to 
moderate chronic kidney disease [29]. In a 
recent study (Coreg and Lisinopril Combination 
Therapy in Hypertensive Subjects – COSMOS 
study) of combining extended-release carve-
dilol (carvedilol CR) with the ACEI lisinopril 
showed that post hoc assessment combining 
all high-dose groups did produce significant 
24-hour mean BP reduction when compared 
with the high-dose monotherapy groups [30].  

EFFECTS OF CARVEDILOL ON INSULIN  
SENSIVITY (IS) AND LIPID METABOLISM  

Jacob et al. (1996) compared the effects of 
carvedilol and metoprolol in 72 hypertensive 
patients and observed a 14% increase in IS 
estimated with the clamp with carvedilol after-
wards, whereas metoprolol was associated 
with a reduction in this parameter [31]. In an-
other study, Giuglano et al. investigated the 
effects of carvedilol and atenolol in 45 patients 
with both hypertension and type 2 diabetes. 
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After 24 weeks of treatment, fasting plasma 
glucose and HbA1c were decreased and IS 
measured with the clamp was increased with 
carvedilol, whereas atenolol had the opposite 
results [32]. In the Carvedilol or Metoprolol 
European Trial (COMET) study [33], the risk 
for new-onset diabetes was 22% lower in pa-
tients receiving carvedilol than those receiving 
metoprolol. In addition, the Glycemic Effects in 
Diabetes Mellitus: Carvedilol-Metoprolol Com-
parison in Hypertensives (GEMINI) multi-cen-
ter trial, that compared carvedilol with meto-
prolol treatment in 1235 subjects with hyperten-
sion and type 2 diabetes showed a significant 
decrease in the HOMA-IR index of about 9% 
with carvedilol. These findings clearly support a 
less detrimental effect of vasodilating compared 
with older -blockers on glycemic control and 
insulin sensitivity and suggest that among the 
class of -blockers, the former agents should be 
preferred in subjects with components of meta-
bolic syndrome, impaired glucose tolerance or 
type 2 diabetes [34]. 

In contrast to older -blockers, carvedilol 
seems to have a neutral or beneficial effect on 
lipoprotein lipase activity and levels of triglyc-
erides and HDL [34]. In 45 patients with non-
insulin-dependent diabetes and hypertension 
who were treated for 24 weeks, patients re-
ceiving carvedilol had a more favorable effect 
compared with atenolol in lowering triglyceride 
levels, increasing HDL levels, and decreasing 
lipid peroxidation [32]. 

Carvedilol appears to offer particular ad-
vantages in the treatment of hypertension with 
comorbid conditions, including coronary artery 
disease, stroke, hypertension, renal failure, 
diabetes, and atrial fibrillation, that can inde-
pendently contribute to the progression of 
heart failure [35]. 

These exclusive features are thought to be 
that carvedilol will exert a more beneficial ef-
fect on cardiovascular morbidity and mortality 
than the traditional beta-blockers as suggested 
by the Carvedilol or Metoprolol European Trial 
(COMET), although these findings are not uni-
versally accepted [36]. Whether newer BBs, 
such as carvedilol, which show vasodilatory 
properties and a more favorable hemodynamic 
and metabolic profile, will be more efficacious 

in reducing morbidity and mortality remains to 
be determined [37]. 

CONCLUSION 

Carvedilol, a vasodilating noncardioselec-
tive -blocker, represents an opportunity to use 
a cardioprotective agent without the concern-
ing hemodynamic and metabolic responses 
associated with traditional -blocker therapy. 
With the available evidence, it is possible to 
conclude that carvedilol could be a valuable 
tool in the clinicians’ hand in the management 
of hypertension. However, future prospective 
clinical trials are warranted to draw a definite 
conclusion. 
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