
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Central hemodynamics and arterial function

van den Bogaard, B.

Publication date
2012

Link to publication

Citation for published version (APA):
van den Bogaard, B. (2012). Central hemodynamics and arterial function. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/central-hemodynamics-and-arterial-function(9259ab76-588d-4210-bf6c-14d5dc61570a).html




chapter 10

Effect of carvedilol versus metoprolol  
on peripheral and central hemodynamics  

in heart failure patients with genetic  
variants of the beta2-receptor

Bas van den Bogaard*
Olav R de Peuter*

Jasper Truijen
Pieter W Kamphuisen

Bert-Jan H van den Born

* These authors contributed equally

Submitted



Ch
ap

te
r 1

0

150

aBstract

Background Carvedilol might be superior to metoprolol in lowering blood pressure in heart 

failure patients. We compared the effects of carvedilol and metoprolol on peripheral and 

central blood pressure in heart failure patients and assessed whether common functional 

beta2-adrenergic receptor haplotypes mediate treatment response. 

methods In this crossover study with a prospective open-label blinded outcome design, we 

randomized heart failure patients (left ventricular ejection fraction <40%) with the Arg16/Gln27 

(n=8) or Gly16/Glu27 haplotype (n=8) of the beta2-receptor to 6-weeks treatment with carve-

dilol and metoprolol. Peripheral blood pressures were measured using a validated oscillometric 

device. Central blood pressures were derived using applanation tonometry of the radial artery. 

results Compared to metoprolol peripheral systolic and diastolic blood pressures were lower 

during carvedilol treatment, 133±16 versus 128±18 mmHg (p<0.01) and 76±8 versus 73±7 

mmHg (p=0.08), the corresponding heart rates were 63±7 and 63±8 bpm (p=0.89). Central 

systolic and diastolic blood pressure were 122±15 versus 118±18 mmHg (p=0.02) and 76±8 

versus 74±7 mmHg (p=0.07) for metoprolol versus carvedilol. In Arg16/Gln27 carriers periph-

eral systolic and diastolic blood pressures were significantly higher with metoprolol than 

with carvedilol treatment, 134±18/78±9 versus 128±19/74±7 mmHg (p<0.05/ p<0.05). For 

Gly16/Glu27 carriers there was no significant difference between carvedilol and metoprolol, 

129±18/73±8 versus 132±14/73±6 mmHg. 

conclusion Carvedilol resulted in lower peripheral and central blood pressures compared to 

metoprolol at equipotent dosages in heart failure patients. The higher blood pressure levels 

with metoprolol treatment were most pronounced in Arg16/Gln27 carriers.
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introduction

Chronic heart failure (HF) is a common disease causing considerable morbidity and mortality. 

One of the characteristics of HF is activation of the sympathetic nervous system.1 Beta-blockers 

inhibit the adverse effects of the sympathetic nervous system. Together with angiotensin 

converting enzyme (ACE)-inhibitors, they reduce morbidity and mortality in chronic HF2-4 

and are therefore considered the cornerstone of pharmacological treatment of HF patients.5 

Beta-blockers are a heterogeneous group and vary in their pharmacological characteristics. 

Carvedilol is a non-selective beta1-, beta2-, and alpha1-receptor blocker, with direct vasodi-

lating properties, whereas metoprolol is a selective beta1-receptor blocker. The Carvedilol or 

Metoprolol European Trial (COMET) study previously demonstrated that in patients with HF 

carvedilol was superior to metoprolol, in reducing cardiovascular events and all cause mortal-

ity.6, 7 However, because of differences in heart rate it has been suggested that the dosage of 

metoprolol in COMET was suboptimal.8 In hypertensive patients, vasodilating beta-blockers 

with direct vasodilating properties, have shown to reduce central blood pressure to a greater 

extent, with no differences in peripheral blood pressure, than atenolol and metoprolol, which 

are beta-blockers without these direct vasodilating effects.9, 10 Central blood pressure may bet-

ter reflect the blood pressure burden on the heart and brain and therefore be a better predictor 

of organ damage and cardiovascular events than peripheral blood pressure.11-13 Whether 

carvedilol lowers central blood pressure more than metoprolol in HF patients has not been 

examined. A possible determinant of the blood pressure response to carvedilol may include 

common genetic variations in the beta2-adrenergic receptor gene (ADRB2). Two highly preva-

lent single nucleotide polymorphisms, Arg16Gly and Gln27Glu in the ADRB2 receptor gene, are 

associated with altered receptor trafficking and downregulation.14 These two polymorphisms 

form three common haplotypes (Arg16/Gln27, Gly16/Gln27 and Gly16/Glu27). Individuals 

homozygous for the Gly16/Glu27 haplotype show increased vasodilation in response to the 

beta2-receptor agonist isoproterenol compared to Arg16/Gln27.15 In young individuals the 

Arg16/Gln27 has been associated with higher blood pressures.16 These differences may lead to 

an increased risk for cardiovascular disease.17, 18 In acute coronary syndrome patients receiving 

beta-blockers, those homozygous for Arg16/Gln27 had doubled mortality risk compared to 

patients homozygous for Gly16/Glu27 after 3 years.19 Furthermore, individuals heterozygous 

of homozygous for the Glu27 polymorphism showed a better improvement of left ventricular 

function in response to carvedilol compared to subjects homozygous for the Gln27 polymor-

phism.20

We hypothesized that carvedilol lowers peripheral and central aortic blood pressure more 

than metoprolol in HF patients and that this effect is mediated by common genetic variations 

in the beta-2 receptor. Therefore, we compared peripheral and central blood pressures in HF 

patients with the Arg16/Gln27 or Gly16/Glu27 adrenergic receptor haplotype, who were ran-

domized to treatment with carvedilol and metoprolol in a crossover trial. 
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methods

Study design and participants 

This trial was conducted at the Academic Medical Center, Amsterdam, between 2007 and 2010. 

The current study was a predefined secondary outcome of a trial registered on www.trialregis-

ter.nl (NTR1067). Patients were recruited from the cardiology outpatients’ clinics of six regional 

hospitals. After written informed consent was obtained, patients were further screened for 

eligibility and blood was drawn for DNA collection. Eligible subjects were HF patients aged 

18-80 years, with a left ventricular ejection fraction below 40% as measured within 6 months 

prior to randomization by nuclear scan, magnetic resonance imaging or cardiac ultrasound. 

Patients had New York Heart Association classification (NYHA) class I to III HF symptoms, and 

had to be on stable medical therapy for at least three months, that included ACE-inhibitors or 

angiotensin receptor blockers (unless contraindicated) and beta-blockers on maximal tolerated 

dosages. Excluded were patients with atrial fibrillation, an acute coronary event or myocardial 

revascularization within 3 months prior to randomization, severe aortic of mitral valve disease 

or aortic regurgitation, requirement for intravenous inotropic therapy, severely uncontrolled 

hypertension (blood pressure systolic >170 mmHg or diastolic >105mmHg), known drug or 

alcohol misuse, a history of poor treatment compliance, or a systemic disease other than heart 

failure that might complicate management or reduce life expectancy. Also, pregnant women or 

women with childbearing potential on inadequate contraception were excluded.

We screened ADRB2 haplotypes of 86 eligible HF patients. In 21 (24%) patients the Arg16/

Gln27 haplotype was present and the Gly16/Glu27 haplotype in 13 patients (15%). As shown 

in figure 1, a total of 8 patients with the Arg16/Gln27 haplotype and 4 patients with Gly16/

Glu27 were not randomized because they did not meet inclusion criteria or withdrew informed 

consent. Of the 22 patients randomized, informed consent was withdrawn by one patient in 

the Gly16/Glu27 group two weeks after randomization because of tiredness after changing 

beta-blocker treatment. Our aim was to include equal numbers of HF patients with the Arg16/

Gln27 and the Gly16/Glu27 haplotype. We therefore measured central blood pressure in the 

first 8 patients with the Gly16/Glu27 and all 8 patients with the Arg16/Gln27 haplotype.

We used a crossover study with a prospective, randomized, open-label, blinded-outcome 

(PROBE) design. The primary aim was to assess differences in peripheral and central hemody-

namics between the two beta-blockers in all included patients. The effect of beta2-receptor 

haplotypes on the blood pressure response to beta-blocker treatment was studied in second-

ary, exploratory analyses. Homozygous Gly16/Glu27 and Arg16/Gln27 individuals who met the 

study criteria were randomized between carvedilol and metoprolol, applying block randomiza-

tion with block sizes of 4, using TENALEA (www.tenalea.com). Since the HF patients were already 

on beta-blocker treatment, they received an equipotent dosage of carvedilol (Eucardic, Roche, 

Mijdrecht, The Netherlands) or metoprolol succinate (Selokeen ZOC, AstraZeneca, Zoetermeer, 

The Netherlands). Equipotent dosages were considered metoprolol 200 mg o.d., carvedilol 25 
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mg b.i.d., bisoprolol 10 mg o.d., and nebivolol 10 mg o.d21. After the first beta-blocker treatment 

period of six weeks, patients crossed over to the other beta-blocker, again in an equipotent dos-

age. All patients received a six week treatment with each drug. Heart rate was verified after one 

week to assure equipotency in patients who switched to another beta-blocker. If resting heart 

rate differed more than 5 beats per minute, dosage was adjusted accordingly. Compliance to 

beta-blocker treatment was assessed by counting the remaining tablets. For ethical reasons no 

wash-out period was applied between treatment arms. The study was approved by the ethics 

committee of the Academic Medical Center.

Beta-receptor sequencing

Genomic DNA was isolated from 10 ml peripheral blood using an AutopureLS apparatus 

according to the manufacturer’s protocol (Gentra Systems, Minneapolis, MI, USA). Beta2-

adrenergic genotypes at the alleles encoding for positions 16 and 27 were determined by the 

big-dye terminator sequencing technique, for which a pair of primers was designed (using 

Primer3; http://frodo.wi.mit.edu/primer3/).  Polymerase chain reaction (PCR) was carried out 

with 50 ng of genomic DNA in a 25 μl reaction volume containing 1x Taq DNA polymerase 

buffer (Qiagen, Hilden, Germany), 50 μmol/l of each dNTP, 0.4 μmol/l of each primer, and 1 U 











 
 
 
 
 














 
 
 
 
 


 
 
 
 
 

















Figure 1 Trial profile
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Taq DNA polymerase. The thermal cycling conditions were: 95°C for 2 minutes, then 20 cycles 

of 30 seconds at 95°C, 30 seconds at 65°C (minus 0.5°C each cycle), and 30 seconds at 72°C in 

a PCR apparatus (T3 Biocycler, Biometra, Germany). Then 30 cycles of 30 seconds at 95°C, 30 

seconds at 55°C, and 30 seconds at 72°C. The program ended 10 minutes at 72°C. The sequence 

reactions were performed using fluorescent-labeled dideoxy chain terminations with a Big Dye 

Terminator ABI Prism kit (Applied Biosystems, Foster City, CA, USA) according to the manufac-

turer’s protocol and analyses on an automated DNA sequencer (Applied Biosystems, model 

3730). Sequences were analyzed with the Sequencher package (GeneCodes Co, Ann Arbor, MI, 

USA).

hemodynamic measurements

Measurements of peripheral and central blood pressure were performed at the end of both 

treatment-periods. All measurements were performed in the morning after an overnight fast. 

After 10 minutes rest in supine position, blood pressure was measured 3 times at 1-minute 

intervals on the left arm using a validated oscillometric device (Omron 705IT). We used the 

mean of the last two BP measurements as average peripheral BP. Measurements of central 

hemodynamics were performed using the SphygmoCor system (Atcor Medical Pty Ltd, West 

Ryde, Australia) as described previously.22 Briefly, pressure waveforms were recorded from the 

radial artery of the left arm with applanation tonometry using a high-fidelity micromanometer 

(Millar Instruments, Texas, USA). Brachial blood pressures were used for calibration of the radial 

waveform. With a generalized transfer function the central aortic waveform was generated from 

which central diastolic blood pressure (DBP), systolic blood pressure (SBP), pulse pressure (PP) 

and augmentation index (AIx) were calculated. AIx was corrected for heart rate of 75 beats per 

minute (AIx@hr75). Measurements were done in duplicate and means were used for analysis. 

Statistical analysis

We tested the outcome data for normality using Kolmogorov-Smirnov test, showing that all 

data had a normal distribution. We therefore used paired Student’s t-tests to calculate mean dif-

ferences in outcomes between the two beta-blockers. Whether the effect of beta-blockers was 

mediated through the beta2-receptor haplotypes was studied in exploratory analyses using 

unpaired t-tests to assess differences in outcomes between haplotypes. Data were missing for 

1 measurement of 1 person, these missing values were imputed with the mean values of the 

group. Values are expressed as mean±standard deviation (SD). Analyses were performed using 

SPSS, version 16.0 (Chicago, IL, USA). 
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results

Patient characteristics

Baseline characteristics stratified by ADRB2 haplotype of the 16 HF patients are shown in table 

1. Mean age±SD was 66±9 years and 10 (63%) were male. There were small differences in age, 

gender, NYHA classification or use of renin angiotensin system inhibitors and diuretic use 

between the two ADRB2 haplotypes, but none of these were statistically significant.

table 1 Baseline characteristics of all participants and by haplotype

all patients
(n=16)

Gly16/Glu27
(n=8)

arg16/Gln27
(n=8)

n % n % n %

Mean age, yrs ±SD 66±9 70±9 62±7

Male 10 63 4 50 6 75

cause of hF

Ischemic 9 56 4 50 5 63

Non-ischemic

Hypertensive CMP 2 13 0 0 2 25

Dilated CMP 5 31 4 50 1 13

Mean LVEF, % ±SD 30±9 28±11 32±6

nyha classification

I 4 25 2 25 2 25

II 8 50 4 50 4 50

III 4 25 2 25 2 25

medical history

Hypertension 7 44 2 25 5 63

Diabetes Mellitus 5 31 2 25 3 38

Hypercholesterolemia 5 31 3 38 2 25

Beta-blocker before randomization

Carvedilol 6 38 3 38 3 38

Metoprolol 8 50 4 50 4 50

Nebivolol 2 13 1 13 1 13

concomittant antihypertensive treatment

ACE/ARB 14 88 6 75 8 100

Loop-diuretic 14 88 6 75 8 100

Spironolactone 6 38 2 25 4 50

Diuretic 1 6 0 0 1 13

other co-medication

Vitamin K antagonists 8 50 4 50 4 50

Antiplatelet agents 8 50 5 63 3 38

Statin 13 81 6 75 7 88

Digoxin 3 19 2 25 1 13

SD=standard deviation, IQR=inter quartile range, HF=heart failure, CMP=cardiomyopathy, LVEF=left 
ventricular ejection fraction, NYHA=New York Heart Association classification, ACE/ARB=angiotension 
converting enzyme inhibitor/angiotension receptor blocker.
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Adverse events and compliance

Four patients (three in Arg16/Gln27 group, and one in Gly16/Glu27 group) experienced an increase 

in shortness of breath after changing from carvedilol to metoprolol. In these patients adjustment 

of the beta-blocker dosage or a (temporary) higher loop-diuretic dosage reduced complaints. 

Median administered daily dosages were 12.5mg (interquartile range [IQR]: 12.5-34.4) for carve-

dilol and 75mg (IQR: 50.0-137.5) for metoprolol. Compliance to beta-blocker treatment was 99%.

Hemodynamics

Peripheral and central hemodynamic parameters are presented in table 2. Heart rate was 

similar between carvedilol and metoprolol treatments. Peripheral SBP was significantly lower 

during carvedilol compared to metoprolol treatment (p<0.01), whereas peripheral DBP was not 

significantly different between carvedilol and metoprolol (p=0.08). Similarly central SBP was 

significantly lower after carvedilol treatment compared to metoprolol (p=0.02), but this was not 

significant for central DBP (p=0.07). The differences between peripheral and central SBP with 

carvedilol (10±3 mmHg) and metoprolol treatment (11±4 mmHg) were comparable, p=0.46. 

AIx and reflection time were not significantly different between carvedilol and metoprolol.

Table 3 provides the peripheral and central blood pressure response to carvedilol and meto-

prolol treatment stratified for Arg16/Gln27 and Gly16/Glu27 haplotypes. When comparing 

the haplotypes during carvedilol or metoprolol treatment, no significant differences in blood 

pressure were observed. For HF patients with the Gly16/Glu27 haplotype, differences in blood 

pressure between carvedilol and metoprolol were generally smaller, although not significant, 

than for patients with the Arg16/Gln27 haplotype. In Arg16/Gln27 carriers peripheral SBP/DBP 

were significantly higher with metoprolol than with carvedilol treatment (p<0.05/ p<0.05). For 

Gly16/Glu27 carriers blood pressures were not significantly different between carvedilol and 

table 2 Comparison of peripheral and central hemodynamic parameters after treatment with carvedilol 
and metoprolol treatment for all subjects

carvedilol metoprolol p-value

Peripheral SBP, mmHg 128±18 133±16 <0.01

Peripheral DBP, mmHg 73±7 76±8 0.08

Peripheral PP, mmHg 55±14 58±12 0.15

Heart rate, bpm 63±7 63±8 0.89

Central SBP, mmHg 118±18 122±15 0.02

Central PP, mmHg 44±13 46±11 0.24

AIx, % 26±10 29± 10 0.22

AIx@hr75, % 20±11 23±10 0.22

Reflection time, ms 145±17 139±12 0.11

Data are presented as mean ±standard deviation.
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metoprolol treatment. Central SBP/DBP in Arg16/Gln27 carriers and Gly16/Glu27 carriers were 

not different when treated with carvedilol compared to treatment with metoprolol.

discussion

In this study with a crossover design, a six week treatment of carvedilol resulted in lower 

peripheral and central blood pressures compared to metoprolol at equipotent dosages and 

comparable heart rate in HF patients. Carvedilol did not result in an additional effect on central 

pressure beyond the reduction in peripheral pressure, since in both treatment groups central 

SBP was approximately 10 mmHg lower than peripheral SBP and AIx was similar between 

groups. In exploratory secondary analyses we found that the higher blood pressure levels 

table 3 Peripheral and central blood pressure response to carvedilol and metoprolol treatment stratified 
by beta2-adrenergic receptor haplotype

carvedilol metoprolol

Peripheral sBP

Gly16/Glu27 129±18 132±14

Arg16/Gln27 128±19  134±18*

Peripheral dBP

Gly16/Glu27 73±8 73±6

Arg16/Gln27 74±7 78±9*

Peripheral PP

Gly16/Glu27 56±14 59±11

Arg16/Gln27 54±14 56±14

heart rate

Gly16/Glu27 63± 8 64±9

Arg16/Gln27 63±7 62±7

central sBP

Gly16/Glu27 117±18 120±14

Arg16/Gln27 118±19    125±17**

central PP

Gly16/Glu27 44±13 46±10

Arg16/Gln27 44±14 46±12

aix

Gly16/Glu27 25±11 28±12

Arg16/Gln27 27±10 30±7

Data are presented as mean±standard deviation and represent mm Hg for all blood pressure 
Parameters, bpm for heart rate and % for AIx. * p<0.05 for carvedilol versus metoprolol, 
**p=0.06 for carvedilol versus metoprolol.
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with metoprolol treatment were most pronounced in Arg16/Gln27 patients, while carvedilol 

treatment in Arg16/Gln27 and Gly16/Glu27 carriers resulted in similar blood pressures.

One of the strengths of our study is that similar heart rates were achieved with carvedilol 

and metoprolol treatment. The magnitude of heart rate reduction and not their dosage was sig-

nificantly associated with the survival benefit of beta-blockers in patients with heart failure.23 

The COMET study showed that carvedilol treatment was associated with reduced mortality 

compared to metoprolol in patients with NYHA II-IV.6 However, the corresponding heart rate 

reduction was somewhat larger for carvedilol: 13 versus 12 bpm, which raised the question 

whether in COMET metoprolol was given in an equipotent dose.8 Although heart rate reduc-

tion in the COMET study was greater in the carvedilol group, no significant differences in blood 

pressure were detected. So the question remains whether carvedilol is better at lowering blood 

pressure in HF patients with the same heart rate reduction. We investigated this in a crossover 

study using of equipotent dosages of carvedilol and metoprolol. Although we should be care-

ful to compare our findings with those from the COMET study, since HF patients in the COMET 

study had higher NYHA classes, we found that  the mean SBP and DBP was lower with carvedilol 

treatment. Moreover, the lower blood pressure values with carvedilol were achieved without 

differences in heart rate. Since heart rates were similar, we assume that the beta1 blocking 

properties were similar between metoprolol and carvedilol, and that the alpha1 inhibiting 

action of carvedilol may be held responsible for the observed decrease in blood pressure 

compared to metoprolol. 

In the present study, we did not observe an additional effect on central blood pressure in HF 

patients. Although carvedilol was more potent at lowering both peripheral and central blood 

pressure than metoprolol, central SBP was approximately 10 mmHg lower than peripheral SBP 

in both treatment groups. The lack of an additional effect on central BP could be explained by 

the similar AIx after carvedilol and metoprolol treatment. In hypertensive patients treatment 

with either carvedilol or nebivolol resulted in lower central blood pressures, while an equal 

decrease in peripheral blood pressure compared to atenolol was observed.9, 10  In another study 

in hypertensive subjects nebivolol but not metoprolol significantly lowered central systolic 

blood pressure.24 Blood pressure waveforms, however, differ between HF patients and subjects 

with normal ejection fraction. Patients with cardiomyopathy have lower AIx compared to age 

and gender matched controls.25  This has been explained by the inability of the weakened 

myocardium to generate a pressure wave to cope with the reflected wave.25, 26 Recently the 

contribution of reflected waves to aortic augmentation index has been challenged, suggest-

ing that aortic reservoir function rather than reflected waves account for changes in the aortic 

pressure waveform.27

Interestingly, we observed differences in the blood pressure response to carvedilol and metopro-

lol between two common functional ADRB2 genotypes. In Gly16/Glu27 carriers there were no 

significant differences in peripheral and central pressures between carvedilol and metoprolol, 
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whereas patients with Arg16/Gln27 had a significantly higher SBP and DBP when treated with 

metoprolol compared to carvedilol. Subjects with the Gly16/Glu27 haplotype have a higher 

maximal hand vein vasodilatory response after β2 receptor stimulation with isoproterenol 

compared to Arg16/Gln27, who show enhanced desensitization.15 This and another study28 

support the concept that subjects with Arg16/Gln27 haplotype have a reduced vasodilatory 

response to ADRB2 receptor stimulation. The effect of variations in the gene coding for ADRB2 

on blood pressure is, however, disputed.16 HF is characterized by an increase in sympathetic 

nerve activity and the ADRB2 genotypes might therefore play a more important role in blood 

pressure regulation. We hypothesize that the beta1-blockade of metoprolol has similar effects 

in both haplotypes, but because of increased sympathetic activity in HF, Gly16/Glu27 patients 

have more ADRB2 mediated vasodilation than Arg16/Gln27 carriers. This vasodilatory effect 

of ADRB2 stimulation might not be as pronounced during carvedilol treatment because it is 

overruled by alpha1-inhibition mediated vasodilation.

limitations Our study has several limitations that deserve attention. First the sample size of 

our study might have to small to find small differences in blood pressure response to carvedilol 

and metoprolol between patients with Arg16/Gln27 and Gly16/Glu27 haplotypes. Secondly, 

the clinical characteristics between the Arg16/Gln27 and Gly16/Glu27 carriers somewhat dif-

fered, which limits between haplotype comparisons. There were more patients with a history of 

hypertension in the Arg16/Gln27 group and they used more antihypertensive drugs. It is there-

fore possible that further lowering of blood pressure is more difficult in these patients. Thirdly, 

we cannot exclude that the decrease in metoprolol dose and the increase in loop diuretic dose, 

in the four patients changing from carvedilol to metoprolol might have influenced our results. 

Fourthly, although in this cross-over study the order of beta-blocker treatment was randomized 

the lack of washout period might have caused carry over effects. Lastly, we did not include 

heterozygous subjects or those homozygous for Gly16/Gln27 of the beta2-receptor, but they 

are likely to act intermediately.15 

Perspectives When aiming for a comparable heart rate in patients with HF, carvedilol lowered 

blood pressure better than metoprolol, but we did not observe an additional effect on central 

blood pressure. Our data suggest that in HF patients peripheral blood pressure is better lowered 

with carvedilol than metoprolol regardless of ADRB2 haplotype. Whether this results in a reduc-

tion of cardiovascular events needs further study. The reduced BP lowering response in Arg16/

Gln27 carriers to metoprolol may suggest that ADRB2 haplotype is an important predictor of dif-

ferences in the treatment response between metoprolol and carvedilol, this is however specula-

tive and larger studies are needed to confirm our results. Whether genotyping of the ADRB2 

haplotype in the workup of HF patients is necessary remains to be determined, since it seems 

that regardless of ADRB2 haplotype carvedilol lowers blood pressure more than metoprolol.
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