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Global burden of blood-pressure-related disease, 2001
Carlene M M Lawes, Stephen Vander Hoorn, Anthony Rodgers; for the International Society of Hypertension

Summary
Background Few studies have assessed the extent and distribution of the blood-pressure burden worldwide. The aim
of this study was to quantify the global burden of disease related to high blood pressure.
Methods Worldwide burden of disease attributable to high blood pressure (≥115 mm Hg systolic) was estimated for
groups according to age (≥30 years), sex, and World Bank region in the year 2001. Population impact fractions were
calculated with data for mean systolic blood pressure, burden of deaths and disability-adjusted life years (DALYs), and
relative risk corrected for regression dilution bias.
Findings Worldwide, 7·6 million premature deaths (about 13·5% of the global total) and 92 million DALYs (6·0% of
the global total) were attributed to high blood pressure. About 54% of stroke and 47% of ischaemic heart disease
worldwide were attributable to high blood pressure. About half this burden was in people with hypertension; the
remainder was in those with lesser degrees of high blood pressure. Overall, about 80% of the attributable burden
occurred in low-income and middle-income economies, and over half occurred in people aged 45–69 years.
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Interpretation Most of the disease burden caused by high blood pressure is borne by low-income and middle-income
countries, by people in middle age, and by people with prehypertension. Prevention and treatment strategies restricted
to individuals with hypertension will miss much blood-pressure-related disease.

Introduction
Cardiovascular disease is now endemic worldwide and
no longer limited to economically developed countries.1,2
About a third of all deaths in middle-income countries
are caused by cardiovascular disease; this proportion is
similar to that in many developed nations.1 Furthermore,
rates of disease are generally much higher in developing
than in developed countries—for example, age-speciﬁc
stroke rates in Tanzania are about three to six times
higher than those in the UK.3 Cardiovascular disease also
typically occurs at a younger age in developing than in
developed countries:1 for example, about 52% of deaths
from such disorders in India occur before 70 years of age,
compared with 23% in established-market economies.4,5
In the context of this large and growing disease burden,
strategies to improve population health require consistent
and comprehensive measures of the contribution of major
risk factors to premature mortality and disability.6,7 These
estimates can elucidate the potential for prevention and
provide an important input into health planning and other
cost-utility decisions. Therefore, the importance of modiﬁable cardiovascular health risks, such as blood pressure,8–14
should not be overestimated or underestimated.
This report provides updated estimates of the global
burden of disease attributable to high blood pressure by
age and sex for adults and by World Bank region. It also
summarises work done as part of the disease control
priorities in developing countries Global Burden of
Disease study (DCP2).15,16

Methods
Data collection
The population attributable risk method was used to
estimate disease burden related to high blood pressure.17
www.thelancet.com Vol 371 May 3, 2008

Population attributable risk (or population attributable
burden) is the proportional reduction in average disease
risk over a speciﬁed time interval that would be achieved
by eliminating the exposure of interest from the
population if the distributions of other risk factors remain
unchanged.18 The key data inputs for population
attributable risk are current blood pressure levels,
associations between blood pressure and disease
outcomes, and disease burden.
Data for systolic blood pressure were obtained from the
Global Burden of Disease 2000 study and updated to
include more recent, country-level data.15,16 The search
strategies are described elsewhere,19,20 but, in brief,
included a review of studies published between 1980
and 2001 inclusive, complemented by data from personal
communications with researchers and study investigators. For the current analyses, mean blood pressure
was re-estimated by age group (30–44, 45–59, 60–69,
70–79, and ≥80 years), sex, and World Bank regions
(low-income and middle-income regions of east Asia and
Paciﬁc, Europe and central Asia, Latin America and the
Caribbean, Middle East and north Africa, south Asia, and
sub-Saharan Africa, and high-income regions globally;
webtable).16
For calculation of attributable burden, a best population
distribution of blood pressure with which current distributions can be compared is needed. The best distribution
is that which would yield the lowest population risk of
adverse health outcomes,1,21,22 and as such is diﬀerent from
individual treatment targets. A mean systolic blood
pressure of 115 mm Hg for all age, sex, and region groups
was chosen as the best distribution on the basis of two
main sources of evidence: cohort-study data for the level
of systolic blood pressure associated with the lowest

See Online for webtable

1513

Articles

Deaths
Stroke

DALYs
Ischaemic
Hypertensive Other cardiovascular
heart disease disease
disease

Stroke

Ischaemic
Hypertensive Other cardiovascular
heart disease disease
disease

East Asia and Paciﬁc

951

471

254

97

12 955

5365

3083

1045

Europe and central Asia

709

1024

100

150

8895

11 070

1201

1609

Latin America and the
Caribbean

144

169

71

43

2112

1962

813

442

71

155

61

29

990

1939

728

352

449

711

62

75

6397

9302

926

1082

Middle East and north Africa
South Asia
Sub-Saharan Africa
Low-income and
middle-income economies*

179

148

50

52

2551

1934

681

630

2502

2678

598

445

33 899

31 572

7432

5161

High-income economies
World†

418

668

109

197

5265

5994

990

1638

2921

3346

706

642

39 164

37 566

8421

6798

Data are in 1000s and rounded to the nearest 1000. *Combined data for previous six regions. †Combined data for all regions.

Table 1: Attributable deaths and disability-adjusted life years (DALYs) for high blood pressure for various cardiovascular endpoints in 2001 by
World Bank region

relative risk for cardiovascular disease,10,11 and mean
systolic blood pressure in populations with very low
prevalences of cardiovascular disease.14,19,23–28 In this paper,
high blood pressure refers to systolic blood pressure
greater than 115 mm Hg; this includes all categories of
prehypertension and hypertension as deﬁned in Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure 7 guidelines.29
Estimates of disease burden were obtained from the
WHO 2003 World health report30 and reattributed to World
Bank regions.16 Estimates for both death and disabilityadjusted life years (DALYs) were used. DALYs quantify
burden of disease and disability in populations by
incorporating both life-expectancy and some measure of

Stroke
Ischaemic heart disease
Hypertensive disease
Other cardiovascular disease
East Asia and Paciﬁc

World Bank regions

Europe and central Asia
Latin America and the Caribbean
Middle East and north Africa
South Asia
Sub-Saharan Africa
High-income economies
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Figure 1: Disability-adjusted life years (DALYs) attributable to high blood pressure by region and endpoint
in 2001
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quality of life.16 The methods used to make these estimates
are described elsewhere.14,19
All blood-pressure-related disease outcomes had to be
Global Burden of Disease endpoints, limiting analyses to
cerebrovascular disease (ICD 10 I60–69), ischaemic heart
disease (I20–25), hypertensive disease (I10–13), including
essential hypertension, hypertensive heart disease, and
hypertensive renal disease, and other cardiovascular
diseases (I00, I26–28, I34–37, I44–51, I70–99).
Hypertensive disease is not an ideal category and is
somewhat artiﬁcial, because disorders in this category are
more likely to be part of a continuum rather than a distinct
group. Much of the blood-pressure-related disease burden
will therefore be missed by this endpoint. However, this
code is typically used when hypertension is presumed to
be the main underlying cause of death. The positive
association of blood pressure with this outcome is steep
but not vertical, implying less than 100% causation. Other
cardiovascular disease consists of various disorders,
including heart failure (which is the most common, even
after many deaths cited as heart failure have been recoded
to coronary heart disease),19 pulmonary heart disease,
diseases of the pericardium and endocardium, and
conduction disorders. In view of the positive association
between blood pressure and cardiovascular deaths not
caused by stroke, ischaemic heart disease, or hypertensive
disease,10 this endpoint had to be included. Data were not
available for stroke subtypes or renal failure; however, a
more restricted hypertensive renal disease category was
incorporated into the hypertensive-disease endpoint.
Finally, for the calculation of attributable burden, data
were needed for the relative risk of disease endpoints that
were causally related to blood pressure. These data relating
to the eﬀects of prolonged blood-pressure diﬀerences were
obtained from overviews of cohort studies, which provide
more reliable estimates of risk than individual studies
because of greater sample sizes, greater number of
www.thelancet.com Vol 371 May 3, 2008
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endpoints,8–11 and correction for regression dilution bias.8,31
Although some uncertainties exist about exactly how well
data from cohort studies and trials match,32 there is
evidence that the relative risks per mm Hg change in blood
pressure are much the same8,12,33,34 and most, if not all, of
the beneﬁcial eﬀects of blood-pressure-lowering drugs are
probably mediated by how much they reduce blood
pressure. Several overviews have quantiﬁed relative risk,
and the current analyses used age-speciﬁc estimates from
an overview11 that was larger and more recent than that
used in the Global Burden of Disease 2000 study;10 however,
all the overviews have produced broadly consistent results.

Statistical analysis
We used population attributable risk methods to estimate
the disease burden due to high blood pressue.17 Population
attributable fractions were calculated with a population
impact fraction to estimate the attributable burden due to
excess blood pressure. The method is described in detail
elsewhere.16 Brieﬂy, the population attributable fraction is
calculated by comparing the current worldwide
distributions of a risk factor with the theoretical
minimum distribution and estimates the percentage
reduction in disease or death if exposure to that risk
factor were reduced to that minimum distribution. This
method takes into account the entire population
risk-factor distribution by focusing on continuous (rather
than categorical) associations between risk factor and
disease. The attributable fraction or fraction of disease or
death attributable to the risk factor in a population is
found with the following equation:
m

m

∫RR(x)P(x)–∫RR(x)P ´(x)

PIF=x=0

x=0

m

∫RR(x)P(x)

x=0

PIF=population impact fraction
RR(x)=relative risk at exposure level x
P(x)=population distribution of exposure
P′(x)=counterfactual distribution of exposure
m=maximum exposure level
Uncertainty in estimated disease burden can arise from
incomplete information, potential biases or heterogeneity
of input data, or uncertainty in the analysis models used.
Issues around this uncertainty and sensitivity analyses
are discussed elsewhere.16

Role of the funding source
This research was supported by an unrestricted grant
provided by the International Society of Hypertension.
CL was supported by a National Heart Foundation (New
Zealand) Fellowship. The sponsor had no role in data
interpretation or writing of the report. The corresponding
author had full access to all the data in the study and had
ﬁnal responsibility for the decision to submit for
publication.

Results
About 54% of stroke, 47% of ischaemic heart disease,
75% of hypertensive disease, and 25% of other cardiovascular disease worldwide was attributable to high blood
pressure. In total, about 7·6 million (13·5%) of all deaths
and 92 million (6·0%) of all DALYs in the year 2001 were
attributable to high blood pressure as a cause of these
diseases. Burden attributable to high blood pressure was
greatest for stroke and ischaemic heart disease (table 1).
Over 80% of the attributable burden of disease was
seen in low-income and middle-income regions. The
highest number of attributable deaths and DALYs
occurred in these regions of Europe and central Asia
(predominantly eastern Europe), and east Asia and the
Paciﬁc (including China), followed by south Asia

Deaths

DALYs

Stroke

Ischaemic
Hypertensive
heart disease disease

Other cardiovascular
disease

Stroke

Ischaemic
heart disease

Hypertensive Other cardiovascular
disease
disease

East Asia and Paciﬁc

215

106

57

22

2947

1220

701

238

Europe and central Asia

605

874

85

128

6397

7962

864

1157

Latin America and the
Caribbean

140

165

69

42

1899

1764

731

398

Middle East and north
Africa

134

294

115

54

1890

3702

1389

673

South Asia

168

266

23

28

2496

3629

361

422

Sub-Saharan Africa

200

166

56

58

2649

2008

707

654

Low-income and
233
middle-income economies*

250

56

42

3096

2884

679

471

High-income economies

143

229

37

68

1775

2021

334

552

World†

214

245

52

47

2815

2700

605

489

*Calculated from combined data for six previous regions. †Calculated from combined data for all regions.

Table 2: Attributable deaths and disability-adjusted life years (DALYs) per 100 000 population per year for high blood pressure for various cardiovascular
endpoints in 2001 by region
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Figure 2: Disability-adjusted life years (DALYs) attributable to high blood pressure
Men (A) and women (B) in low-income and middle-income countries. Men (C) and women (D) in high-income
countries.

Deaths

DALYs

East Asia and Paciﬁc

13·6%

6·5%

Europe and central Asia

35·0%

19·6%

Latin America and the Caribbean

13·0%

5·1%

Middle East and north Africa

16·5%

6·1%

South Asia

9·6%

4·3%

Sub-Saharan Africa

4·0%

1·7%

12·9%

5·6%

Low-income and middle-income economies
High-income economies

17·6%

9·3%

Discussion

World

13·5%

6·0%

This study has shown that about 7·6 million deaths (about
13·5% of the total) and 92 million DALYs (6·0% of the
total) worldwide were attributed to high blood pressure
in 2001. Overall, more than 80% of the attributable burden
of disease was in low-income and middle-income regions,
and a greater proportion of the burden was in young age
groups in these regions than it was in high-income regions.
High blood pressure was a major health issue in all world
regions, and it accounted for more than a third of deaths
and almost a ﬁfth of DALYs in Europe and central Asia.
Risk assessment always includes some degree of
uncertainty. In this study, blood-pressure estimates were
based on many surveys done around the world, with
systematic averaging and extrapolation methods.16,19,20
The best available epidemiological data provide estimates
of optimum blood pressure and the strength of
associations with diﬀerent disease outcomes.14,16,19 All
disease outcomes related to blood pressure had to map
to Global Burden of Disease endpoints, which limited
some analyses as the endpoints were not always ideally

Table 3: Deaths and disability-adjusted life years (DALYs) attributable to
high blood pressure in 2001

(including India) and high-income economies (table 1,
ﬁgure 1). Although the order of rankings changed when
examined by disease endpoint, these regions remained
the ones with the greatest attributable burden.
When expressed in terms of rates (ie, attributable
deaths and DALYs per 100 000 of population; table 2), the
ranking of the regions changed. Europe and central Asia
had some of the highest attributable death rates for all
endpoints, but a mix of other low-income and
middle-income regions also ranked consistently higher
than high-income regions. Attributable death and DALY
rates were generally about 1·5–2 times higher in
low-income or middle-income regions than in
high-income regions for most disease endpoints.
More deaths and DALYs were attributable to stroke
than to ischaemic heart disease in east Asia and the
1516

Paciﬁc and sub-Saharan Africa, but in most other
subregions there were more deaths and DALYs
attributable to ischaemic heart disease than to stroke
(ﬁgure 1, table 1). This pattern—and the diﬀering ratios
of ischaemic heart disease to stroke between regions—
largely indicates the overall estimates of burden of stroke
and ischaemic heart disease for the regions.
About 39% of DALYs in high-income regions were in
those aged 45–69 years, but in low-income and
middle-income regions this proportion was 56%
(ﬁgure 2). The total attributable burden was almost evenly
split between men and women in all regions. In terms of
blood pressure, about just over half the attributable
burden occurs in people with mean systolic blood
pressure less than 145 mm Hg.14 This ﬁnding results
from the continuous associations of blood pressure with
disease and the many people with blood pressure in the
120–150 mm Hg range.
Estimates of attributable deaths and DALYs in any
given region are determined by population size,
estimated number of events, and age structure in that
region. The eﬀect of the attributable burden in a speciﬁc
region might therefore be better estimated as the
percentage of all deaths and DALYs in that region
(table 3). The proportion of burden attributable to high
blood pressure varied from 4% to 35% for deaths and
from 2% to 20% for DALYs across the regions.
Blood-pressure-related attributable burden for both
deaths and DALYs was greatest in Europe and central
Asia and lowest in sub-Saharan Africa. However, the
eﬀect of blood-pressure-related burden was still large in
all economies. About 18% of all deaths and 9% of all
DALYs were attributable to high blood pressure in
high-income regions, and 13% and 6% in low-income or
middle-income regions.
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speciﬁc—for example, renal disease related to blood
pressure was not estimated directly. However, given that
there are direct and positive associations with blood
pressure and all the outcomes all these endpoints were
included despite their shortcomings. The mortality and
morbidity data were based on updated WHO estimates16
and are the best available global data.
Reduced estimated current blood-pressure values, a
raised threshold for deﬁning optimum values, and
decreased estimates of relative risk would each have
resulted in lower estimates of attributable fraction.
Conversely, changing demographics in many
middle-income and low-income regions since the data
were gathered are likely to result in greater attributable
burden than estimated here. Other major drivers of
uncertainty are the assumptions around discounting
rates and age weighting. Although these factors do not
seem to aﬀect the overall ranking of various disorders,
they do aﬀect the age distribution of the burden.16 Overall,
the results of this study are likely to be within 5–10% of
the burden in high-income regions, and 10–15% for
many low-income and middle-income regions.
Uncertainty is greatest in low-income and middle-income
regions with the fewest input data.14,19
Estimates from both the current burden of disease
analyses and the 2002 WHO Global Burden of Disease
study1,2,14,19,20 indicate that the burden of disease attributable to high blood pressure was about double that
suggested by the 1990 Global Burden of Disease study.35–37
The main reason for this disparity was lack of correction
for regression-dilution bias in the earlier analysis.8,31
These analyses also gave higher estimates of attributable
burden than those made for burden of hypertension,38–40
in view of the very large number of people with high
blood pressure but who are not classiﬁed as hypertensive.
Despite substantial diﬀerences in the input data used,
both the WHO study and the current study produced
broadly similar results, with about 13% and 14% of
deaths, respectively, and 4·4% and 6·0% of DALYs
attributed to high blood pressure.
These analyses accord with previous WHO ﬁndings
that a substantial proportion of cardiovascular disease is
attributable to high blood pressure. The results also
emphasise that this burden is distributed over diﬀerent
economic regions, age groups, and blood-pressure levels
and is certainly not limited to people with hypertension.
Furthermore, the combined burden attributable to major
modiﬁable risk factors for cardiovascular disease is
substantial, and much greater than the so-called
50% myth.41 Previous analyses have suggested that blood
pressure, along with other established cardiovascular risk
factors, such as high cholesterol, being overweight or
obese, smoking, and physical inactivity, could cause
about 80–90% of ischaemic heart disease and 70–75% of
stroke globally.1,42
These and similar analyses therefore provide an estimate
of the potential scale of beneﬁts from prevention strategies.
www.thelancet.com Vol 371 May 3, 2008

The optimum mix of interventions to achieve this aim
requires detailed cost-utility analyses, and the societal
beneﬁts are dependent on the costs of these interventions
and the costs of untreated high blood pressure.
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Abstract It is well established that elevated blood pressure
constitutes a major risk factor for coronary heart disease,
arrythmias, heart failure, cerebrovascular disease, peripheral
artery disease and renal failure. Blood pressure level and the
duration of arterial hypertension (HTN) impact target organ
damage. Many studies in adults have demonstrated the role of
antihypertensive therapy in preventing cardiovascular (CV)
events. The so-called hard end-points, such as death, myocardial infarction (MI) or stroke, are rarely seen in children, but
intermediate target organ damage, including left ventricular
hypertrophy, increased intima-media thickness and microalbuminuria, is already detectable during childhood. The goal
of antihypertensive treatment is to reduce the global risk of
CV events. In the adult population stratification of CV risk is
based on blood pressure level, risk factors, subclinical target
organ damage and established CV and kidney disease. Increased CV risk begins early in the course of kidney disease,
and CV diseases are the most frequent cause of morbidity and
mortality in patients with chronic kidney disease (CKD).
Children with CKD are especially prone to the long-term
effects of CV risk factors, which result in high morbidity and
mortality in young adults. To improve the outcome, pediatric
and adult CKD patients require nephro- and cardioprotection.
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Introduction
Hypertension (HTN) is currently the single most important
contributor to death around the world—in both developed or
developing regions [1]. Elevated blood pressure (BP) is a
major risk factor for coronary heart disease, atrial fibrillation,
heart failure, cerebrovascular disease, peripheral artery disease
and renal failure. Worldwide, 7.6 million premature deaths
(13.5 % of all premature deaths) have been attributed to high
BP. Of the major cardiovascular (CV) events, about 54 % of all
strokes and 47 % of all ischemic heart disease cases can be
attributable to high BP [2]. An analysis of 23 HTN trials that
involved 193,424 adult patients showed a high rate of coronary
heart disease (41.1 %), stroke (30 %) and heart failure (28.9 %
of recorded major CV events) among the patient cohorts [3].
The prevalence of HTN increases in adult populations,
mostly because of aging populations and lifestyle changes,
but also due to the obesity epidemic. Population-based data
from Europe and North America indicate that 30–45 % of the
adult general population suffers from HTN [4]. The observed
increase of HTN prevalence in children and adolescents has
been reported to be associated with obesity and lifestyle
changes. An important aspect of long-term prognosis is the
tracking phenomenon. Elevated BP and cholesterol levels and
obesity in children or teenagers persist into adulthood and
increase the risk for CV events later in life [5]. The increasing
prevalence of HTN in children and adolescents should be a
warning signal to pediatricians that they must focus on the late
consequences of HTN. As shown by the data from the
Healthcare Cost and Utilization Project Kids’ Inpatient Database, the frequency of HTN-associated hospitalizations during
the 10-year study period increased across all age groups [6].
The so-called hard end-points, such as death, myocardial
infarction (MI) or stroke, are rarely seen in children, but
intermediate target organ damage, including left ventricular
hypertrophy (LVH), increased intima-media thickness (IMT)
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and microalbuminuria, is already detectable during childhood.
The reasons for hospitalization also differ between adult and
pediatric hypertensive populations. In children with HTN the
most common second diagnoses are convulsive disorder,
headache, obesity and lupus erythematosus [6].
Despite rapid progress in dialysis techniques and medications (e.g. erythropoietin and growth hormone therapy), CV
mortality rates among the dialysis patient population remains
very high. In their foundational work, Foley et al. showed that
young dialyzed adults have the same CV mortality risk as
subjects aged >85 years in the general population [7]. Such
patients, as young adults who started renal replacement therapy (RRT) in childhood, are especially prone to increased CV
mortality.
The prognostic significance of ambulatory BP measurements is higher than that of office BP in predicting CV events
and target organ damage. In a study by Torffvit [8], type 2
diabetic adult patients who had not achieved the goal of a
nighttime systolic BP (SBP) of <140 mm Hg had a 12.9-fold
higher risk of developing MI, a 3.9-fold increased risk of
uremia and a 2.7-fold increased risk of death than patients
who had achieved this goal. In addition, those patients who
did not reach the goal despite further treatment experienced
more serious changes in the kidneys caused by diabetes. Lurbe
et al. monitored 75 adolescents and young adults with diabetes
type 1 and normal urinary albumin excretion at the baseline
evaluation [9]. These authors found that the observed increase
of SBP during sleep (from 109.9 to 114.9 mm Hg) preceded
the development of microalbuminuria.

CV risk stratification
The European Society of Hypertension and the European
Society of Cardiology have published the Guidelines for the
Management of Arterial Hypertension. In adult populations the
stratification of CV risk is based on BP level, risk factors,
subclinical organ damage (SOD) and established CV disease
(CVD) and kidney disease. The categories are clearly defined.
The main risk factors include systolic and diastolic blood
pressure (DBP) levels, age (man >55 years, women >65 years),
smoking, dyslipidemia, fasting plasma glucose of 5.6–
6.9 mmol/l, abnormal glucose tolerance test, abdominal obesity and family history of premature CVD (man at age <55 years,
women at age <65 years). Despite the presence of one out of
the major risk factors (HTN, hypercholesterolemia, smoking),
the vast majority of young and middle-aged adults will not
experience an adverse CV event. In contrast, an adult patient
with HTN grade 1 or 2 and one to two risk factors has a
moderate CV risk, while evidence of three or more risk factors,
metabolic syndrome, SOD or diabetes stratifies the patient into
the high risk group.
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Risk stratification using the SCORE (the Systemic Coronary Risk Evaluation) Project risk charts is recommended for
each adult hypertensive patient [10]. The SCORE risk charts
can be used to estimate the 10-year risk of fatal CVD by
gender, age, SBP, total cholesterol and smoking status. Risk
charts based on SCORE were developed for both low- and
high-risk countries. In individuals at low or moderate risk
(SCORE 1–4 %) the search for SOD is encouraged. Sehestedt
et al. showed the role of detecting SOD in the estimation of
CV risk [11]. In healthy subjects the assessment of SOD
includes increased pulse wave velocity (a marker of increased
arterial stiffness), presence of atherosclerotic plaques, increased urine albumin/creatinine ratio (a marker of vascular
damage) and increased LV mass (LVM), which predicts CV
death independent of SCORE [11].
The presence of an established CVD or renal disease
carries a very high CV risk, even in patients with normal
or high-normal BP. HTN is the main CV risk factor, however patients with chronic kidney disease (CKD) also have
many other uremia-related risk factors, such as inflammation, oxidative stress, increased renin–angiotensin–aldosterone system (RAAS) activity, increased Ca × P product,
hyperphosphatemia, hyperparathyroidism, decreased FetuinA, elevated asymmetric dimethylarginine plasma concentrations, fluid overload and anemia [12]. These risk factors are
why patients with renal diseases in the adult population are
considered to be at very high CV risk—even those with high
normal BP. A panel of experts has included CKD among the
eight high-risk pediatric diagnoses associated with premature
CV risk. Moreover, intervention strategies for children with
CKD should be similar to the secondary prevention guidelines
for adults with established coronary disease [13].
This cluster of different risk factors multiplies the CV risk.
The coexisting risk factors differ depending upon age. In a study
by Flynn et al. involving a group of 351 children with HTN,
44 % were obese. The authors reported that the hypertensive
children under 6 years were less likely to be obese or to have
elevated cholesterol than school-age children or adolescents, but
they were more likely to have secondary HTN and a lower
glomerular filtration rate (GFR) [14]. Wilson et al. [15] studied
children with CKD and found that the incidence of different CV
risk factors increased with increasing body mass index. The
patient group in this study comprised obese children with
HTN, dyslipidemia and abnormal glucose metabolism [15].
The prevalence of CV risk factors was very high in children
on RRT. In a Turkish study 44 % patients on peritoneal dialysis
had uncontrolled HTN and 39 % had dyslipidemia [16].
CKD as well as essential HTN and obesity/metabolic syndrome are characterized by enhanced activity of the RAAS
and the sympathetic nervous system [17]. These systems not
only regulate BP but also contribute to CV abnormalities.
HTN in adults is defined as a SBP of >140 mm Hg and/or a
DBP of >90 mm Hg [4]. Evidence from randomized controlled
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trials demonstrates that treatment-induced reductions in BP are
beneficial in patients with such BP values. A large number of
observational studies have demonstrated that CV morbidity
and mortality have a continuous relationship with both SBP
and DBP [18]. In adults, each 20-mm Hg increase in SBP or
10-mm Hg increase in DBP doubles the death rates from stroke
and other CV causes. A meta-analysis of individual data for
one million adults revealed that the relationship between BP
and vascular mortality decreases steeply downwards, at least as
far as the normal SBP of 115 mm Hg and DBP of 75 mm Hg.
In children, BP increases with age and body size. Normative values for defining HTN have been determined on the
basis of BP measurements in a large reference population [19].
In that study, the cut-off point for detecting HTN in children
was defined as the 95th percentile for gender, age and height.
To date, there have been no multicenter long-term studies
assessing the impact of childhood BP level on clinically
apparent CV complications in adulthood. However, in youth
a graded increase in SOD parameters [carotid IMT (cIMT),
arterial stiffness, LVM index (LVMI) and decrease in diastolic
function] from normotension to pre-HTN and to HTN, has
been found [20].

Hypertensive heart disease
Pathophysiology
Hypertensive heart disease consists of both vascular and myocardial changes. Various mechanisms are responsible for hypertensive heart disease, including endothelial dysfunction and
coronary arteriolar constriction causing ischemia of the myocardium, increased fibrosis, apoptosis and inflammatory changes
[21, 22]. A major role in structural remodeling of the heart is
played by cardiomyocyte and vascular smooth muscle cell
hypertrophy, the conversion of fibroblasts to myofibroblasts,
expansion of interstitial and perivascular collagen and decreased
intramyocardial capillary density. Biochemical stress via stretchactivated ion channels leads to the intracellular transmission of
signals to the nucleus, thereby up-regulating hypertrophic gene
expression.
Fibrosis of the myocardium is an important risk factor for
arrhythmias. Interstitial fibrosis interferes with optimal cardiac
electrical conduction which establishes favorable conditions
for re-entry circuits. Rudolph et al. reported that 50 % of their
patients with HTN had myocardial fibrosis, measured as late
gadolinium enhancement [23]. In contrast to coronary heart
disease, these lesions were predominantly non-subendocardial.
In another study, treatment with angiotensin converting enzyme (ACE)-inhibitor demonstrated the efficacy of blocking
the RAAS in reducing myocardial fibrosis as estimated by
endomyocardial biopsy with measurement of the left ventricle
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collagen volume fraction and myocardial hydroxyproline
concentration [24].
A study involving 1,454 pediatric dialysis patients found
that arrhythmias were the most common cardiac-related
events in these patients (19.6 %) [25]. Valvular heart disease
(11.7 %), cardiomyopathy (9.6 %), cardiac arrest (3.0 %) and
cardiac death (2.8 %) constituted the other cardiac-related
events. HTN doubled the risk of cardiac disease in this group.
Despite the fact that echocardiography is recommended as a
routine test to be performed in all hypertensive children [19],
this test was only performed in one-third of the children.
HTN induces a compensatory thickening of the ventricular
wall in an attempt to normalize wall stress, which results in
concentric LVH, which in turn decreases LV compliance and
LV diastolic filling, causing heart failure. Diastolic dysfunction develops in hypertensive patients even in the absence of
LVH. Impaired isovolumic relaxation leads to decreased velocity of early diastolic filling. Doppler imaging of the mitral
inflow is a simple, noninvasive and repeatable method of
assessing LV diastolic filling. A low early/atrial (E/A) mitral
flow velocity ratio confers an increased risk of CV events in
Caucasian patients with essential HTN [26]. This risk increases by 21 % for each 0.3 decrease of the age- and heart
rate-adjusted E/A ratio. Impaired LV diastolic function in
children with CKD is shown in the study of Mitsnefes et al.
[27]. In a study on children on dialysis, the indices of LV
relaxation and LV compliance were found to be significantly
associated with the LVMI. A reliable marker of diastolic
dysfunction, namely, the ratio of early mitral inflow to peak
early diastolic annular velocity measured by Tissue Doppler
(E/E′), was increased in the dialyzed and transplanted children. The E/E′ ratio was significantly higher in patients with
elevated BP, indicating an association between HTN and
diastolic dysfunction [28]. In a group of 110 children on
peritoneal dialysis, LVMI as well as E/E′ correlated positively
with mean arterial pressure (MAP) and negatively with hemoglobin and albumin levels and diuresis [29].

Left ventricular hypertrophy)
Research conducted on adults and children has revealed that
LVM is significantly determined by fat-free mass (FFM). To
avoid any incorrect interpretation of results when body surface
area in obese patients is used, it was suggested that height
raised to an exponential power of 2.7 should be used as an
equivalent of FFM. The Fourth Report recommends using a
single cut-off point (38 g/m2.7) to define LVH in children [30].
Khoury et al. performed M-mode echocardiography in 2,273
non-obese healthy children and established percentile charts
for LVM and LVMI depending on sex and age. The 95th
percentile for LVMI ranged from 80 g/m2.7 for newborns to
40 g/m2.7 for 11 year olds. These researchers recommended
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the identification of LVH based on the 95th percentile for
LVMI in children under 9 years of age, and in older children
the accepted cut-off point was an LVMI of >40 g/m2.7 in girls
and LVMI of >45 g/m2.7 in boys [31]. Foster et al. demonstrated that the 95th percentile LVMI depends on the height
distribution of the reference population and proposed LVMfor-height percentiles as a superior means of normalizing
LVM for body size [32]. In young children, the correct diagnosis of LVH is difficult to arrive at due to the small reference
samples and rapid changes in body size and heart mass. In
CKD, children suffer from growth retardation and body composition changes (malnutrition, overhydration). Borzych et al.
proposed using height age instead of chronological age to
calculate the LVMI [33].
LVH is an important SOD in hypertensive subjects and an
independent CV risk factor both in children and adult populations [34]. In several studies the relationship between LVM
and subsequent CV risk was found to persist after adjustment
for traditional risk factors. In the MAVI study, LVH doubled
the risk of CV events. The following events developed during
follow-up in a group of uncomplicated subjects with essential
HTN: sudden cardiac death, MI, stroke, transient ischemic
attack, heart failure, new onset unstable angina, arterial occlusive disease and progressive renal failure [34].
Left ventricle geometry can be classified into four categories: normal geometry, concentric remodeling [normal LVM,
increased relative wall thickness (RWT)], concentric hypertrophy (elevated LVM and RWT) and eccentric hypertrophy
(elevated LVM and normal RWT) [35]. Adult patients with
concentric remodeling and hypertrophy have the highest peripheral resistance, and those with eccentric hypertrophy have
a supernormal cardiac index, thereby demonstrating the role
of pressure and volume overload as mechanisms involved in
developing LVH. Moreover, in the group with concentric
remodeling, the highest peripheral resistance was accompanied by reduced LV end-diastolic dimension, which suggests
that pressure overload is balanced by a decreased volume
load. In adults, concentric hypertrophy was found to be associated with the highest risk of CVD. In concentric hypertrophy, the degree of impaired LV filling (left atrial afterload)
increases with increases in LV stiffness, which results in an
increase in the size and function of the left atrium.
Concentric and eccentric LVH have been detected in children with primary HTN and in various studies in patients with
CKD at different stages of the disease [36–38]. In a group of
128 children on peritoneal dialysis followed by the International Pediatric Network (IPPN) Registry, SBP was significantly lower in children with normal cardiac geometry than in
patients progressing to LVH or with persistent LVH [39]. In the
multivariate analysis, obesity and HTN were independent risk
factors for persistent or de novo LVH. In the study performed
by Lurbe et al., LVH, defined as an LVMI of >95th percentile,
was detected only in patients with masked HTN and not in the
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normotensive controls [40]. In another study involving CKD
patients, masked HTN (defined as normal clinical BP but
elevated in ambulatory BP measurements) was also linked to
a significant increase in the risk of LVH [41]. These results
highlight the need for performing regular ambulatory BP measurements in children with CKD. As shown by the results of
the Escape study, concentric LVH is connected with subclinical systolic dysfunction (impaired fractional shortening at the
midwall level) in children with CKD [42].
The treatment of HTN can result in the regression of LVH, as
shown in the Life study [43], which also showed that losartan
was more efficient than atenolol. In a meta-analysis by Fagard
et al., the regression of LVM was significantly less with βblockers (9.8 %) than with angiotensin receptor blockers
(12.5 %) [44]. Another important finding from this metaanalysis was that all indices of systolic (LV fractional shortening and ejection fraction) and diastolic function (LV inflow ratio
of early to late diastolic filling) improved in response to antihypertensive treatment. In children with CKD, treatment with
fixed high-dose ACE inhibition led to reduction in LVH prevalence and improvement in systolic function. The association
between an increase in midwall fractional shortening and a
reduction in BP has been discovered [45].
Prospective studies performed in adult hypertensive subjects have found that LVH regression is associated with risk
reduction of major CV morbid events, such as stroke, MI, CV
death, atrial fibrillation, heart failure and even new-onset
diabetes mellitus [46, 47].
Heart failure
In adults, HTN is a very important risk factor for coronary
artery disease, arrhythmias (atrial and ventricular), MI and
systolic heart failure (Fig. 1). The impact of HTN on developing systolic heart failure is well established, and research
focus is currently directed towards diastolic heart failure.
The mechanisms underlying diastolic heart failure include
abnormal matrix dynamics, altered myocyte cytoskeleton,
impaired active relaxation and marked increase in fibrosis
Hypertension
Left ventricular
hypertrophy
LV compliance,
diastolic filling

Coronary artery disease

Diastolic heart failure

Systolic heart failure

Myocardial infarction

Fig. 1 In children, left ventricular (LV) hypertrophy with decreased left
ventricle compliance and diastolic dysfunction develops in the course of
hypertension—it is the first asymptomatic stage of diastolic heart failure.
In adults, hypertension is a main risk factor for coronary artery disease
(myocardial infarction), which results in myocardial damage and systolic
heart failure
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[48]. The stiffness of the left ventricle influences the volume–
pressure relationship during diastole, with small changes in
LV volume resulting in a greater rise in pressure. Increased
ventricular stiffness results from changes in extracellular matrix and cytoskeleton isoforms. An increase in activation of
matrix metalloproteinases and tissue inhibitors of metalloproteinases can shift the type of collagen from type I to type III
which has increased stiffness and cross-linking. Titin, a thick
filament protein, is responsible for anchoring the thick filament to the z-disc in a sarcomere. Shifts to a stiffer isoform of
titin (N2B) alter the properties of the myofilament cytoskeleton and contribute to ventricular stiffness. Ischemia and chronic conditions like diabetes with insulin resistance and increased free fatty acid flux are responsible for an abnormal
energy balance in mitochondria and impaired removal of
calcium during diastole by the sarcoplasmic/endoplasmic reticulum Ca2+ ATPase (SERCA2a) pump.
In the general population, the prevalence of congestive
heart failure (CHF) and LV diastolic dysfunction increases
with age [49]. Diastolic heart failure (DHF) accounts for more
than 50 % of the heart failure population and is also called
heart failure with normal LV ejection fraction (LVEF). By
definition, a patient with DHF presents the clinical signs and
symptoms of heart failure (fatigue, dyspnea, reduced exercise
tolerance, peripheral edema) with evidence of normal or mildly abnormal systolic LV function (LVEF >50 %) and diastolic
LV dysfunction [50]. In the Framingham Study HTN preceded the development of heart failure in 91 % of patients and
carried the greatest population-attributable risk for the development of CHF of all the risks considered [51]. In addition,
HTN increased the risk of developing heart failure by about
twofold in men and threefold in women. In hypertensive
subjects MI, diabetes, LVH and valvular heart disease also
increased the risk of CHF. The authors underlined the importance of preventive strategies directed toward earlier and
aggressive BP control for reducing the incidence of CHF
and its associated high mortality.

Brain
In adults, the brain is an early target for organ damage by
elevated BP. HTN causes vascular brain injury directly [smallvessel disease (SVD)] or by promoting atherosclerosis or
cardiac damage. HTN results in increased brain vascular
resistance and the loss of the physiological mechanism of
autoregulation. Hypertensive SVD is thought to be the main
cause of silent brain infarcts, which, by definition, lack clinically overt stroke-like symptoms; rather, they are associated
with subtle deficits in physical and cognitive function. Moreover, the presence of silent infarcts more than doubles the risk
of subsequent stroke and dementia. In the adult population
75 % of strokes occur in patients aged >65 years. In a study in
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6,105 individuals with previous stroke or transient ischemic
attack carried out by the PROGRESS Collaborative Group,
combination therapy with perindopril and indapamid reduced
systolic/diastolic BP by 12/5 mm Hg and stroke risk by 43 %.
A similar reduction in the risk of stroke in both hypertensive
and non-hypertensive subgroups was found [52].
In children, ischemic and hemorrhagic strokes occur at an
equally frequent rate, but their incidence is much lower than
that in adults, namely 1.2 to 13 cases per 100,000 children
under 18 years of age [53]. Clinical presentation in adolescents is similar to that in adults, it mimics another disease in
younger children. The lack of awareness of a stroke in a child
is responsible for the longer time to diagnosis this event in
children than in adults, even in hospitalized patients. In adults,
age is the most important non-modifiable risk factor and HTN
the most important modifiable risk factor. The etiology of
stroke in children is mostly multifactorial and varied: congenital and acquired heart disease, arteriovenous malformations
and sickle cell disease, thrombophilias and infectious diseases
such as varicella, sepsis, meningitis and even minor infection
[54]. Arteriovenous malformations, cavernous malformations
and aneurysms are the most common causes of pediatric
hemorrhagic stroke. HTN is also counted among hemorrhagic
stroke risk factors, yet since it rarely occurs in children it is
considered to be a less important risk factor. The most sensitive method to diagnose acute ischemic stroke is brain magnetic resonance imaging, which requires sedation in younger
children. Nephrologic pediatric patients with vasculitis are at a
high risk of stroke. HTN, connective tissues diseases, a recent
infection and/or migraine headaches increase the risk of vertebral artery dissection and cervical artery dissection, both of
which are a common cause of strokes in young adults after
injuries.
In children, an association has been reported between elevated SBP and reduced scores on the digit span test, which is a
neuropsychological measure of attention and concentration
[55]. Single-center studies provide preliminary evidence that
hypertensive children manifest deficits on measures of
neurocognition, have an increased prevalence of learning
difficulties and have altered cerebrovascular reactivity (decreased ability to enhance cerebral blood flow in response to
increased neuronal activity) [56, 57].

Hypertension and vessels
Endothelial dysfunction
Endothelial cells play an important role in vessel homeostasis
and through their production of nitric oxide, prostacyclin and
thrombomodulin they regulate vasodilatation and fibrinolysis
and inhibit coagulation processes [58]. Both classic CV risk
factors (HTN, smoking, diabetes, elevated low-density
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lipoprotein (LDL)-cholesterol level, chronic inflammation) and
genetic factors influence endothelial function. The cumulative
effects of these various factors on endothelial cells have led to
the conclusion that endothelial function is a risk factor for the
circulatory system [59]. Endothelial dysfunction is an early
stage of atherosclerosis. Stimuli leading to vasorelaxation in
the presence of intact vascular endothelium (such as acetylcholine) produce vasoconstriction when acting directly on the
underlying smooth muscle cells in vascular areas with an
injured endothelium [60]. Elevated BP causes mechanical injury to endothelial cells and concomitant endothelial dysfunction caused by other risk factors (hypercholesterolemia, uremiarelated risk factors) leads to vasoconstriction and to an increase
in BP. A decrease in endothelium-dependent vasodilatation can
be detected non-invasively by ultrasound imaging of the brachial artery. In the study performed by the Rostock group,
decreased flow-mediated dilation of the brachial artery was
observed in pediatric CKD patients and correlated with an early
(preclinical) marker of atherosclerosis, increased cIMT [61].
Atherosclerosis and vascular stiffness
A broad spectrum of vascular pathology is observed in patients
with CKD. The arterial wall thickness increases due to excessive pressure load, and different types of vascular calcification
are present. Dysregulation of the calcium–phosphate–parathormone and vitamin D axis is thought to be the main mechanism
of vascular calcification in children with CKD [62]. The central
role in medial calcification is played by vascular smooth
muscle cells (VSMC) influenced by promoters and inhibitors
of calcification. Calcium- and phosphate-induced apoptosis
and osteo/chondrocytic differentiation of VSMC, as well as
increased deposition of VSMC-derived vesicles are found in
vessel rings from CKD patients [63]. In in vitro conditions,
elevated calcium is a more potent stimulus of calcification
induction than elevated phosphate. It is mostly the medial
calcification which causes arterial stiffness. In patients with
normal vessel structure the reflected wave arrives back at the
aortic root during diastole and increases coronary blood flow.
Reflected waves are faster in stiff vessels, resulting in an
increase in the central SBP and pulse pressure [64]. In adults,
increased pulse wave velocity is counted among subclinical
target organ damage. Intrafamilial heritability of various arterial stiffness indexes and MAP was demonstrated in the European Project on Genes in Hypertension (EPOGH) study that
included 204 parents and 290 offspring [65].
Numerous studies have provided evidence that atherosclerosis begins in childhood and is associated with the same risk
factors as in adults—obesity, HTN, dyslipidemia, diabetes
mellitus, cigarette smoking. Berenson et al. carried out autopsy studies within the framework of The Bogalusa Heart Study
and found that the early stages of atherosclerosis are already
present in childhood [66]. The authors found fibrous plaque
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lesions and fatty streaks in the aortas and coronary arteries of
persons aged 6–30 years and correlated these with antemortem risk factors. The lesions appeared earlier and were more
advanced in men. This Swedish group also found more advanced peripheral artery involvement in boys, who had thicker
intimal and medial wall layers in both the radial and dorsal
pedal arteries [67].
Increased IMT marks early stages of atherosclerosis in
children. In the patient cohort studied by Litwin et al., LVH
was already present in 46 % of patients with newly diagnosed
primary HTN. A standard antihypertensive treatment lowered
the BP and led to the regression of target organ damage as
evidenced by decreased LVMI and decreased cIMT [68]. The
association between cIMT and MAP, as well as highsensitivity C-reactive protein in peritoneal dialyzed children
has been reported. In this group of patients cIMT correlated
negatively with hemoglobulin and albumin levels, and with
Kt/V urea [16].
In many multicenter studies in adults the efficacy of statin
treatment in reducing the CV risk has been shown. Atherosclerosis risk factors, such as HTN, hypercholesterolemia and
obesity, are already present in childhood, whereas their effects
can be seen in adults. Population screening tests for hypercholesterolemia are recommended at the age of 9–11 and 17–19
years. If the family history shows either early occurrence of CV
events in parents and grandparents, or if overweight, obesity,
diabetes and/or HTN are present in a child, the lipid level
should be tested at the age of 2 years. Studies carried out in
children with familial hypercholesterolemia indicate the efficacy of statins in lowering the LDL-cholesterol level. The majority of statins are recommended for children aged >10 years,
except for pravastatin (recommended for those aged >8 years).
Studies performed in children and in adults have demonstrated a significant role of HTN in the progression of CKD.
However, different targets for BP control are recommended
for children and adults. In the Escape study, performed in 385
children with CKD, intensified BP control (MAP of <50th
percentile) improved renal survival, defined as the time to a
50 % decline in the GFR or progression to end-stage renal
disease (ESRD) [69]. In a large, community-based study
(Kidney Early Evaluation Program: KEEP) covering adult
participants with a GFR of <60 ml/min/1.73 m2, the risk of
progression to ESRD started at a SBP of 140 mm Hg and was
highest among patients with a SBP of ≥150 mm Hg [70]. In
this group of 16,129 subjects, more than 33 % of participants
had uncontrolled HTN, mostly due to isolated systolic HTN. It
has been suggested that the increased stiffness of the arteries
of adult patients with CKD is responsible for the difficulties in
treating HTN.
The recently published The Fifth Joint Task Force of the
European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice recommended preventive efforts should be life-long, from birth
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(if not before) to old age. Prevention has been shown to
work: >50 % of the reductions seen in CHD mortality relate to
changes in risk factors and 40 % to improved treatments [10].

Future considerations
Long-term follow-up multicenter studies are necessary to assess CV risk stratification in children and adolescents with
HTN and to develop standards for diagnostic and treatment
procedures. An addition point which should also be examined
is whether the application of screening tests for CV risk factors
and the implementation of adequate treatment will result in a
decrease of CV risk in adulthood. Randomized controlled trials
are required to assess the safety and efficacy of different
antihypertensive drugs in reducing SOD in children. Modern
RRT results in lengthening the life expectancy of children and
adolescents with ESRD. Coexistence of many traditional and
uremia-related risk factors increases CV morbidity and mortality. New research to understand the impact of specific
uremia-related factors on cardiac and vasculature remodeling/
injury is needed. Future studies to assess the efficacy and safety
of statin treatment in different cases of secondary hypercholesterolemia, for example CKD and obesity, are needed.

Summary
Hypertension is currently the biggest single contributor to
death around the world. Elevated BP represents an important
risk factor for CV diseases, such as coronary heart disease,
heart failure, stroke, peripheral artery disease and renal failure,
in adults. It is well established that subclinical target organ
damage (LVH, increased IMT, cognitive dysfunction,
microalbuminuria) is already present in childhood. A special
group of patients is that comprising children and adolescents
with CKD. In observational and multicenter studies, subclinical target organ damage has been detected at early stages of
CKD; however, regression and progression of LVH or IMT
changes are possible. Ambulatory BP measurements and
echocardiography should be performed in children with
CKD on a regular basis in order to detect HTN and to monitor
therapy. The results of the European Escape trial show that
decreasing the BP to the low-normal range is associated with
slowing the progression of CKD in children. The goal of
antihypertensive treatment should not only be to normalize
the BP but also to prevent target organ damage. The major
concern in the management of hypertensive patients remains
the heightened rate of late consequences.
The impact of HTN on CV damage has been extensively
studied in large groups of adults—both in the general population and the adult CKD population. Based on observational
and interventional studies, specific recommendations have
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been developed for the treatment of HTN and other risk factors
(e.g. hypercholesterolemia) with the aim of reducing global
CV risk. Long-term follow-up multicenter studies are necessary to assess CV risk stratification in children and adolescents
with HTN and to work out standards for diagnostic and treatment procedures. New research to investigate the impact of
specific uremia-related factors on cardiac and vasculature
remodeling/injury are needed. The lack of comorbidities in
children allows us to study the influence of HTN on early
stages of organ damage—endothelial dysfunction in particular.
Children with CKD are at high risk of CV events, and
preventive strategies should be started early in the course of
renal disease.

Questions (answers are provided following the reference
list)
1. The pathophysiological mechanisms leading to hypertensive
heart disease are:
a. Interstitial and perivascular fibrosis
b. Myocardial ischemia
c. Changes in the extracellular matrix
d. All of the above
2. Which of the items listed below cannot be classified as
subclinical target organ damage:
a. Left ventricular hypertrophy (LVH)
b. Increased intima media thickness (IMT)
c. Hemorrhagic stroke
d. Increased pulse wave velocity
3. For cardiovascular risk stratification in adults, which of the
following are used;
a. Elevated blood pressure
b. Age
c. Glucose level
d. All of the above
4. In the general population:
a. Hypertension is the most important risk factor for
global mortality
b. The increase of 20 mm Hg in systolic blood pressure
(BP) or 10 mm Hg in diastolic DBP is associated with
a doubling of cardiovascular risk
c. Target organ damage (LVH, increased IMT) is already
present in childhood
d. All of the above are true
5. The most common cardiovascular disease in pediatric
dialysis patients is:
a.
b.
c.
d.

Systolic heart failure
Diastolic heart failure
Arrhythmia
Cardiomyopathy
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Background Angiotensin-converting enzyme (ACE) inhibitors reduce major cardiovascular events, but are not
tolerated by about 20% of patients. We therefore assessed whether the angiotensin-receptor blocker telmisartan
would be eﬀective in patients intolerant to ACE inhibitors with cardiovascular disease or diabetes with end-organ
damage.
Methods After a 3-week run-in period, 5926 patients, many of whom were receiving concomitant proven therapies,
were randomised to receive telmisartan 80 mg/day (n=2954) or placebo (n=2972) by use of a central automated
randomisation system. Randomisation was stratiﬁed by hospital. The primary outcome was the composite of
cardiovascular death, myocardial infarction, stroke, or hospitalisation for heart failure. Analyses were done by
intention to treat. This trial is registered with ClinicalTrials.gov, number NCT00153101.
Findings The median duration of follow-up was 56 (IQR 51–64) months. All randomised patients were included in the
eﬃcacy analyses. Mean blood pressure was lower in the telmisartan group than in the placebo group throughout the
study (weighted mean diﬀerence between groups 4·0/2·2 [SD 19·6/12·0] mm Hg). 465 (15·7%) patients experienced
the primary outcome in the telmisartan group compared with 504 (17·0%) in the placebo group (hazard ratio 0·92,
95% CI 0·81–1·05, p=0·216). One of the secondary outcomes—a composite of cardiovascular death, myocardial
infarction, or stroke—occurred in 384 (13·0%) patients on telmisartan compared with 440 (14·8%) on placebo (0·87,
0·76–1·00, p=0·048 unadjusted; p=0·068 after adjustment for multiplicity of comparisons and overlap with primary
outcome). 894 (30·3%) patients receiving telmisartan were hospitalised for a cardiovascular reason, compared with
980 (33·0%) on placebo (relative risk 0·92, 95% CI 0·85–0·99; p=0·025). Fewer patients permanently discontinued
study medication in the telmisartan group than in the placebo group (639 [21·6%] vs 705 [23·8%]; p=0·055); the most
common reason for permanent discontinuation was hypotensive symptoms (29 [0·98%] in the telmisartan group vs
16 [0·54%] in the placebo group).
Interpretation Telmisartan was well tolerated in patients unable to tolerate ACE inhibitors. Although the drug had no
signiﬁcant eﬀect on the primary outcome of this study, which included hospitalisations for heart failure, it modestly
reduced the risk of the composite outcome of cardiovascular death, myocardial infarction, or stroke.
Funding Boehringer Ingelheim.

Introduction
Angiotensin-converting enzyme (ACE) inhibitors reduce
mortality, myocardial infarction, stroke, and heart failure
in patients with cardiovascular disease or high-risk
diabetes.1–3 However, up to about 20% of patients—
particularly women or Asians—are unable to tolerate an
ACE inhibitor, mainly due to cough, but also due to
hypotensive symptoms, renal dysfunction, or angioneurotic oedema.4,5 Angiotensin-receptor blockers are
similar in eﬃcacy and are better tolerated than ACE
inhibitors in high-risk patients after myocardial
infarction,6 or in those with cardiovascular disease or
high-risk diabetes.7 Angiotensin-receptor blockers reduce
mortality and rehospitalisation for heart failure, compared
with placebo, in patients intolerant to ACE inhibitors
with low ejection fraction and heart failure,8,9 and also
1174

reduce stroke and cardiovascular morbidity compared
with β blockers, in those with moderate hypertension
and left ventricular hypertrophy.10 However, direct
evidence of beneﬁt of an angiotensin-receptor blocker in
reducing major cardiovascular events in broader high-risk
populations is lacking.
In the Telmisartan Randomised AssessmeNt Study in
ACE iNtolerant subjects with cardiovascular Disease
(TRANSCEND), we investigated whether an angiotensinreceptor blocker—telmisartan—given long term,
reduces cardiovascular death, myocardial infarction,
stroke, or hospitalisation for heart failure in patients
with cardiovascular disease or high-risk diabetes and
without heart failure, who are intolerant to ACE
inhibitors, compared with placebo, in addition to other
usual therapies.11
www.thelancet.com Vol 372 September 27, 2008
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Methods
6666 patients entered run-in phase

Patients
The design of the ONgoing Telmisartan Alone and in
combination with Ramipril Global Endpoint Trial
(ONTARGET) programme has been described in detail
elsewhere.11 Brieﬂy, patients intolerant to ACE inhibitors
were enrolled if they had established coronary artery,
peripheral vascular or cerebrovascular disease, or diabetes
with end-organ damage. Intolerance to ACE inhibitors
was deﬁned as previous discontinuation by a physician
because of intolerance, with a speciﬁc documented cause.
Patients were excluded if there was a need for or inability
to discontinue angiotensin-receptor blockers, or known
hypersensitivity or intolerance to these drugs. We
excluded patients with heart failure, signiﬁcant primary
valvular or cardiac outﬂow tract obstruction, constrictive
pericarditis, complex congenital heart disease,
unexplained syncope, planned cardiac surgery or cardiac
revascularisation within the previous 3 months, systolic
blood pressure over 160 mm Hg, heart transplantation,
subarachnoid haemorrhage, signiﬁcant renal artery
stenosis, creatinine levels above 265 μmol/L, proteinuria,
or hepatic dysfunction.
National coordinators and clinical monitors supervised
recruitment in 630 centres in 40 countries. The study
was coordinated at the Population Health Research
Institute, McMaster University, and Hamilton Health
Sciences, with sub-oﬃces at the University of Oxford and
University of Auckland. The steering committee designed
and oversaw the trial. An operations committee, with
representatives from the three coordinating centres and
the sponsor met regularly. The protocol was approved by
the appropriate regulatory authorities and the ethics
review committee at each participating institution. All
participants gave written informed consent.

Procedures
Eligible patients were entered into a single blind run-in
involving placebo daily for a week followed by 2 weeks of
telmisartan 80 mg. At the end of this run-in period,
patients were randomised in a one to one ratio by use of
a central automated randomisation system to receive
telmisartan (80 mg/day) or placebo. Randomisation was
stratiﬁed by hospital. Both patients and trialists were
blinded to treatment allocation.
The primary outcome was the composite of
cardiovascular death, myocardial infarction, stroke, or
hospitalisation for heart failure. Secondary outcomes
were the composite outcome of cardiovascular death,
myocardial infarction, or stroke (the primary outcome of
the Heart Outcomes Prevention Evaluation [HOPE]
trial1). Other secondary outcomes included new heart
failure, development of diabetes mellitus, atrial ﬁbrillation, cognitive decline or dementia, nephropathy, and
revascularisation. Other outcomes were total mortality,
angina, transient ischaemic attack, development of left
ventricular hypertrophy, microvascular complications of
www.thelancet.com Vol 372 September 27, 2008

740 (11·1%) excluded
311 (4·7%) poor compliance
135 (2·0%) consent withdrawn
37 (0·7%) raised creatinine or potassium
53 (0·8%) symptomatic hypotension
3 (0·05%) deaths
201 (3·0%) other reasons

5926 patients randomised

2954 assigned telmisartan

2972 assigned placebo

10 lost to follow-up

2944 completed study

8 lost to follow-up

2964 completed study

Figure 1: Trial proﬁle

diabetes, changes in blood pressure, changes in
ankle-to-arm blood pressure ratios, and new cancers. We
also assessed the combined outcome of macrovascular
and microvascular disease used in the Action in Diabetes
and Vascular Disease: preterAx and diamicroN Controlled
Evaluation (ADVANCE) trial.12
Patients were assessed at follow-up visits scheduled at
6 weeks and 6 months, and then every 6 months. All
primary outcome events and deaths were adjudicated,
using standardised criteria, by a blinded central committee. Since most of the patients had pre-existing cardiovascular disease, deaths were classiﬁed as due to
cardiovascular causes unless an unequivocal non-cardiovascular cause was established. Acute myocardial
infarction was deﬁned by creatine kinase levels twice the
normal upper limit, creatine-kinase-MB above normal
or troponin T or I levels above the deﬁnite abnormal
(necrotic) range for the laboratory, except after a
percutaneous coronary intervention (creatine kinase MB
>3 times normal upper limit), or coronary bypass graft
surgery (creatine kinase MB >10 times normal upper
limit). Additionally, a patient had to have new Q waves
(or new prominent R waves in V1 or V2 indicating the
presence of posterior myocardial infarction), new left
bundle branch block, or ischaemic ST-T changes in an
electrocardiograph, or typical clinical presentation
consistent with myocardial infarction. Stroke was
deﬁned as new focal neurological deﬁcits thought to be
of vascular origin with signs or symptoms lasting longer
than 24 h, or death if this occurred earlier. Hospitalisation
for heart failure was deﬁned as hospitalisation for heart
failure or attendance in an acute care setting, with two of
the three criteria: administration of intravenous diuretic,
escalation of diuretic doses or inotropes, or radiological
evidence of heart failure.
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Statistical analysis
The sample size was estimated from the rate of
cardiovascular death, myocardial infarction, stroke, or
hospitalisation for heart failure derived from the HOPE
trial.1 An overall sample size of 6000 patients was expected
Telmisartan (N=2954)
Age (years)
Blood pressure (mm Hg)

66·9 (7·3)
140·7 (16·8) / 81·8 (10·1)

Placebo (N=2972)
66·9 (7·4)
141·3 (16·4/82·0 (10·2)

Heart rate (beats per min)

68·8 (11·5)

68·8 (12·1)

Body-mass index (kg/m²)

28·2 (4·6)

28·1 (4·6)

Cholesterol (mmol/L)
Total

5·09 (1·18)

5·08 (1·15)

LDL

3·02 (1·01)

3·03 (1·02

HDL

1·27 (0·37)

1·28 (0·41)

Triglycerides (mmol/L)

1·79 (1·31)

1·77 (1·09)

Glucose (mmol/L)

6·51 (2·43)

6·49 (2·45)

Creatinine (mmol/L)
Potassium (mmol/L)
Sex (female)

91·9 (23·1)
4·38 (0·44)

91·9 (22·8)
4·37 (0·45)

1280 (43·3%)

1267 (42·6%)

Asian

637 (21·6%)

624 (21·0%)

Arab

37 (1·3%)

40 (1·3%)

African

51 (1·7%)

55 (1·9%)

1801 (61·0%)

1820 (61·2%)

390 (13·2%)

393 (13·2%)

Ethnic origin

European
Native or Aboriginal
Other

38 (1·3%)

40 (1·3%)

Coronary artery disease

2211 (74·8%)

2207 (74·3%)

Myocardial infarction

1381 (46·8%)

1360 (45·8%)

Angina pectoris

1412 (47·8%)

1412 (47·5%)

Stable

1092 (37·0%)

1108 (37·3%)

Unstable

470 (15·9%)

434 (14·6%)

Stroke or transient ischaemic attack

648 (2l·9%)

654 (22·0%)

Peripheral artery disease

349 (11·8%)

323 (10·9%)

Hypertension

2259 (76·5%)

2269 (76·3%)

Diabetes

to have 94% power to detect a hazard ratio of 0·81 for
telmisartan compared with placebo at a two-sided alpha
of 0·05, assuming a control hazard rate of 0·0512 per
year in the control group, a recruitment period of 2 years,
and a maximum observation time of 5·5 years.
The primary analysis included all randomised patients
and used a time-to-event approach, counting the ﬁrst
occurrence of any component of the composite outcome.
All p values are two sided. Adjustments for diﬀerences in
blood pressure for the primary and secondary
time-to-event analysis were made by inclusion of the
most recent systolic blood pressure before the event (for
patients with events) or before the last date of follow-up
(in patients without events) as a covariate in the model.
Consistency of treatment eﬀects in prespeciﬁed
subgroups was explored by Cox regression model, with
tests for interaction.13 Before the completion of the
Prevention Regimen For Eﬀectively avoiding Second
Strokes (PRoFESS) trial14 and TRANSCEND, we had
speciﬁed that a combined analysis of the data from the
two trials would be done using a modiﬁed Mantel-Haenzel
method.15
An independent data and safety monitoring board of
cardiologists, statisticians, and clinical trial experts met
twice yearly. There were three formal interim analyses,
when 25%, 50%, and 75% of the events had accrued. A
modiﬁed Haybittle-Peto approach,16 with a boundary of
4 SD in the ﬁrst half and 3 SD in the second half of the
trial, guided decisions regarding eﬃcacy. For safety, the
boundaries were reduced to 3 SD and 2 SD, respectively.
These boundaries had to remain crossed in a second
analysis 4–6 months later, to trigger consideration of
stopping the trial.
Statistical analyses were done with SAS version 8.2.
This trial is registered with ClinicalTrials.gov, number
NCT00153101.

1059 (35·8%)

1059 (35·6%)

Left ventricular hypertrophy*

376 (12·7%)

401 (13·5%)

Role of the funding source

Microalbuminuria†

283 (10·6%)

273 (10·1%)

The study was designed and conducted by the steering
committee. The study sponsor received the data only
after the study had been completed. All data were
received, checked, and analysed independently by the
Population Health Research Institute. All statistical
analyses for this paper were done by staﬀ at this institute.
The corresponding author had full access to all data in
the study and had ﬁnal responsibility to submit this
manuscript for publication.

Previous procedures
Coronary artery bypass grafting

566 (19·2%)

551 (18·5%)

Percutaneous transluminal coronary angioplasty

783 (26·5%)

768 (25·8%)

Smoking status
Current
Past

293 (9·9%)

289 (9·7%)

1273 (43·1%)

1283 (43·2%)

Medications
Statin

1645 (55·7%)

1627 (54·7%)

β blocker

1753 (59·3%)

1700 (57·2%)

Aspirin

2215 (75·0%)

2210 (74·4%)

319 (10·8%)

314 (10·6%)

2356 (79·8%)

2349 (79·0%)

Clopidogrel or ticlopidine
Antiplatelet agent
Diuretic
Calcium channel blocker

980 (33·2%)

974 (32·8%)

1179 (39·9%)

1202 (40·4%)

Data are mean (SD) or n (%). *Based on ECG interpretation of the local investigator. †Central measurements.

Table 1: Baseline characteristics
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Results
The trial proﬁle is shown in ﬁgure 1. Patients were
enrolled between November, 2001, and May, 2004. At the
end of the run-in period, 874 (29·6%) patients randomised
to receive telmisartan and 899 (30·2%) to placebo were
receiving, or had previously received, an angiotensinreceptor blocker. Of the randomised population, the
most common reason for intolerance to ACE inhibitors
was cough (5225 participants, 88·2%), followed by
www.thelancet.com Vol 372 September 27, 2008
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symptomatic hypotension (244, 4·1%), angio-oedema or
anaphylaxis (75, 1·3%), renal dysfunction (58, 1·0%), and
other reasons (492, 8·3%).
The characteristics of the randomised patients were
similar in both treatment groups (table 1). The mean age
of the randomised patients was 66·9 (SD 7·3) years;
2547 (43·0%) were women, 4528 (76·4%) had
hypertension, and 2118 (35·7%) had diabetes. Mean
blood pressure was 141·0 (SD 16·6)/81·9 (10·1) mm Hg,
fasting plasma glucose was 6·50 (SD 2·44) mmol/L, and
total cholesterol was 5·09 (1·16) mmol/L. Many of the
patients were on proven therapies.
The median duration of follow-up was 56 (IQR 51–64)
months. Vital status was ascertained in 5908 (99·7%)
patients at the end of the study. Of the 2122 (80·8%)
patients taking telmisartan at the end of the study,
2086 (79·4%) were on the full dose, with only 36 (1·4%)
on reduced dose. Non-study angiotensin-receptor
blockers were used in 54 (1·8%) patients in the telmisartan
group and 84 (2·9%) in the placebo group at 1 year,
increasing to 152 (5·8%) and 200 (7·6%) by the end of
the study. Other non-study blood-pressure-lowering
agents were used more frequently in the placebo group
than in the telmisartan group by the end of the study
(telmisartan vs placebo—diuretics: 888 [33·7%] vs
1059 [40·0%], p<0·0001; calcium channel blockers:
1003 [38·0%] vs 1215 [45·9%], p<0·0001; β blockers:
1492 [56·6%] vs 1561 [59·0%], p=0·081; α blockers:
140 [5·3%] vs 197 [7·5%], p=0·002) but the use of statins
(1683 [63·8%] vs 1671 [63·1%], p=0·588) and anti-platelet
agents (2025 [76·8%] vs 2040 [77·0%], p=0·831) were
similarly high in the two groups after randomisation.
Levels of use of statins and anti-platelet agents remained
much the same over the course of the study (data not
shown).
Table 2 shows reasons for study drug discontinuation.
Fewer patients permanently discontinued treatment with
telmisartan than did those receiving placebo. Syncope
was rare, despite more minor symptoms of hypotension,
such as dizziness, with telmisartan. Renal abnormalities
(based on local clinical reports) occurred in 308 (10·4%)
patients in the telmisartan group, and 241 (8·1%) in the
placebo group, although few permanently discontinued

Total number of discontinuations (temporary or permanent)
Number of patients with permanent discontinuations
Hypotensive symptoms
Syncope
Cough
Diarrhoea
Angio-oedema
Renal abnormalities

study medications because of these abnormalities
(table 2). Doubling of serum creatinine (60 [2·0%] in the
telmisartan group vs 42 [1·4%] in the placebo group) or
hyperkalaemia (potassium over 5·5 mmol/L, 111 [3·8%]
vs 49 [1·6%]) occurred more frequently with telmisartan
than with placebo, with no diﬀerence in incident renal
dialysis (seven [0·24%] vs ten [0·34%]).
Among those with cough as the initial reason for
intolerance to ACE inhibitors, the proportion stopping
study medication for the same reason was similar and
infrequent (14 [0·54%] in the telmisartan group vs
15 [0·57%] in the placebo group). Among those with
previous hypotension (n=244), hypotension after
randomisation occurred in two (1·5%) patients in the
telmisartan group and one (0·9%) in the placebo group;
one case of angio-oedema occurred in the placebo group
amongst the 75 patients with a history of such disease.
There was one case of renal dysfunction in each group in
the 58 patients who had reported this as a reason for ACE
intolerance.
Mean blood pressure was lower on telmisartan than it
was with placebo by 6·2/3·6 mm Hg at 6 weeks, by
4·7/2·4 mm Hg at 1 year, by 4·2/2·3 mm Hg at 2 years,
and by 3·2/1·3 mm Hg at study end. The mean weighted
diﬀerence between groups in blood pressure during the
study was 4·0 (SD 19·8)/2·2 (12·0) mm Hg.
Fewer patients in the telmisartan group experienced
the primary composite outcome of cardiovascular death,
myocardial infarction, stroke, or hospitalisation for heart
failure than did patients in the placebo group, although
the diﬀerence was not statistically signiﬁcant (465 [15·7%]
patients vs 504 [17·0%]; hazard ratio 0·92, 95% CI
0·81–1·05, p=0·216; ﬁgure 2) The occurrence of the
HOPE study1 outcome of cardiovascular death, myocardial
infarction, or stroke was lower with telmisartan than with
placebo (384 [13·0%] patients vs 440 [14·8%], 0·87,
0·76–1·00; p=0·048; ﬁgure 3). When we adjusted this
p value to account for the 87% overlap between the
primary and secondary outcomes and the multiplicity of
comparisons, the adjusted p value was 0·068. In the ﬁrst
18 months there was little beneﬁt, but thereafter there
were fewer events on telmisartan (ﬁgure 3). Adjustment
for the changes in blood pressure did not alter the overall

Telmisartan (n=2954)

Placebo (n=2972)

Relative risk

1090 (36·9%)

1143 (38·5%)

0·96

0·215

639 (21·6%)

705 (23·7%)

0·91

0·055

29 (0·98%)

16 (0·54%)

1·82

0·049

1

p value

0

15 (0·51%)

18 (0·61%)

0·84

0·613

7 (0·24%)

2 (0·07%)

3·52

0·094

2 (0·07%)

3 (0·10%)

0·67

0·660

24 (0·81%)

13 (0·44%)

1·86

0·067

*Most discontinuations were for non-speciﬁc reasons, with little diﬀerence between the two groups for any speciﬁc category.

Table 2: Discontinuation of study medications and selected reasons for permanent discontinuations*
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0·20

Placebo
Telmisartan

Hazard ratio 0·92 (95% CI 0·81–1·05); p=0·216

Cumulative incidence (%)

0·15

0·10

0·05

0
0

1

2

3

4

5

2278
2253

1091
1069

Length of follow-up (years)
Number at risk
Telmisartan
Placebo

2954
2972

2807
2839

2699
2713

2577
2575

Figure 2: Kaplan–Meier curves for the primary outcome of cardiovascular death, myocardial infarction,
stroke, or heart failure hospitalisation

0·20

Hazard ratio 0·87 (95% CI 0·76–1·00); p=0·048

Placebo
Telmisartan

Cumulative incidence (%)

0·15

0·10

0·05

0
0

1

2

3

4

5

Length of follow-up (years)
Number at risk
Telmisartan
Placebo

2954
2972

2839
2866

2745
2745

2634
2626

2344
2306

1127
1103

Figure 3: Kaplan-Meier curves for the secondary outcome of cardiovascular death, myocardial infarction, or
stroke (HOPE Study outcome)

results for the primary (hazard ratio 0·92, 95% CI 0·81–
1·05) or HOPE secondary outcome (0·87, 0·76–1·00).
Subgroup analyses show that the eﬀect of telmisartan on
the primary and secondary outcomes was consistent in
various subgroups of patients (ﬁgure 4).
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Of the components of the primary composite outcome,
there were fewer myocardial infarctions and strokes in
the telmisartan group than in the placebo group, although
not signiﬁcantly so, but the number of cardiovascular
deaths and hospitalisations for heart failure were similar
between the two groups (table 3). Total mortality was
much the same in the two groups (364 [12·3%] deaths vs
349 [11·7%], p=0·491). The combined outcome of
macrovascular (cardiovascular death, myocardial
infarction, or stroke) and microvascular disease (laser
therapy for retinopathy, doubling of creatinine, new
macroalbuminuria, or dialysis)—the primary outcome of
the ADVANCE study12—occurred less frequently with
telmisartan than with placebo (523 [17·7%] vs 587 [19·8%],
hazard ratio 0·89, 95% CI 0·79–1·00; p=0·049). More
patients in the telmisartan group than in the placebo
group experienced the composite outcome of
macrovascular and microvascular disease plus the
development of microalbuminuria (742 [25·1%] vs
861 [29·0%], 0·85, 95% CI 0·77–0·94; p=0·001).
Fewer patients in the telmisartan group had
electrocardiographic evidence of left ventricular
hypertrophy than did those in the placebo group, and
there were fewer patients in the telmisartan group
exhibiting signs of new diabetes than in the placebo
group, although not signiﬁcantly so (table 4). Fewer
patients were hospitalised for cardiovascular reasons in
the telmisartan group than in the placebo group (table 4).
There was no diﬀerence in the incidence of cancers,
either overall or at speciﬁc sites (data not shown).
As prespeciﬁed, the data from this trial were analysed
overall and the events subdivided into those that occurred
before and after 6 months of randomisation, based on
hypotheses generated from the PRoFESS trial15 (table 5).
Overall, there was a reduction in the relative risk of the
primary endpoint when both trials were combined;
however, there was no evidence of an eﬀect on this
outcome before 6 months. Likewise, the relative risk of
the composite of cardiovascular death, myocardial
infarction, and stroke was reduced overall, but no beneﬁt
was seen in the ﬁrst 6 months. The eﬀects before and
after 6 months of treatment were statistically
heterogeneous (p for interaction of <0·001).

Discussion
Although fewer patients experienced the primary outcome
of cardiovascular death, myocardial infarction, stroke, or
hospitalisation for heart failure with telmisartan than
with placebo, this result was not statistically signiﬁcant.
However, there was a reduction in the HOPE secondary
outcome of cardiovascular death, myocardial infarction,
and stroke with telmisartan, compared with placebo.
These results are reinforced by similar trends in the
recent PRoFESS study comparing telmisartan with
placebo over 2·5 years in patients after a recent stroke.15
Combined analysis of these two trials demonstrates a
signiﬁcant reduction in the odds of cardiovascular death,
www.thelancet.com Vol 372 September 27, 2008
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myocardial infarction, and stroke; in both trials, however,
there was no eﬀect on hospitalisations for heart failure.
When stratiﬁed by time, telmisartan had no eﬀect on the
composite of cardiovascular death, myocardial infarction,
and stroke in the ﬁrst 6 months in both trials, but there
was a clear beneﬁt after 6 months. These analyses suggest
that there is a delay of 6–12 months before the beneﬁts of
an angiotensin-receptor blocker emerge, and that it could
take several years of treatment for the full beneﬁts to
manifest.
The lack of eﬀect of telmisartan on hospitalisation for
heart failure in both PRoFESS and TRANSCEND is
unexpected and puzzling, especially since an ACE
inhibitor signiﬁcantly reduced heart failure in the HOPE
trial17 and a combined analysis of the HOPE, Prevention
of Events with Angiotensin-Converting-Enzyme
(PEACE),18 and European trial on Reduction Of cardiac
events with Perindopril among patients with stable
coronary Artery disease (EUROPA)19 trials showed
signiﬁcant reductions in hospitalisation for heart failure.3
The apparent lack of reduction in heart failure with
telmisartan in PRoFESS trial and TRANSCEND is
consistent with the ﬁndings in ONTARGET,7 where the
number of hospitalisations for heart failure with ramipril
was 354 (4·1%), compared with 394 (4·6%) on telmisartan
(risk ratio 1·12, 95% CI 0·97–1·29). This raises the
question as to whether telmisartan is less eﬀective than
ACE inhibitors in preventing heart failure. However,
other angiotensin-receptor blockers have been shown to
reduce hospitalisations for heart failure, mainly in
patients with low ejection fractions and NYHA Classes II
to IV heart failure,8 in those with severe hypertension
and left ventricular hypertrophy,10 or in hypertensive
patients with an angiotensin-receptor blocker compared
with amlodipine.20 By contrast with previous trials of
angiotensin-receptor blockers, our patients were not
known to have left ventricular systolic dysfunction (heart
failure was an exclusion factor), and few had left
ventricular hypertrophy at study entry. It is also possible
that the risk of any heart failure in the control group in
TRANSCEND was unexpectedly low (webtable), which
might have contributed to the apparent lack of beneﬁt
on these outcomes. For example, the rate of any heart
failure in the placebo group of HOPE was 2·40% per
year, compared with only 1·49% per year seen here,
although this diﬀerence was not seen with hospitalisations
for heart failure (HOPE placebo 0·84% per year vs
TRANSCEND placebo 0·96% per year).17 In this context,
it is worth noting that while ramipril and perindopril
reduced the risk of heart failure in the HOPE1 and
PROGRESS trials,21 which included high-risk patients,
the same drugs did not aﬀect heart failure in the
DREAM22 and ADVANCE studies12 of lower-risk patients.
It is possible that when the absolute risk of heart failure
is low, ACE inhibitors and angiotensin-receptor blockers
might not reduce the incidence of heart failure. The
rates of myocardial infarction were also lower in
www.thelancet.com Vol 372 September 27, 2008

A

Number of Incidence (%)
patients
in placebo group

p for
interaction

Primary composite endpoint

5926

17·0

History of cardiovascular disease
No history of cardiovascular disease

5418
505

17·2
14·1

0·6102

Systolic blood pressure ≤ 133
133 < systolic blood pressure ≤ 149
Systolic blood pressure > 149

1955
1996
1969

16·2
15·8
18·8

0·7956

Diabetes
No diabetes

2118
3805

19·9
15·3

0·3109

HOPE score ≤ 3·624
3·624 ≤ HOPE score ≤ 4·034
HOPE score > 4·034

1978
1934
2014

9·3
16·1
25·4

0·4615

Age < 65 years
65 ≤ age < 75 years
Age ≥ 75 years

2375
2576
975

13·5
16·9
25·7

0·8945

Sex (male)
Sex (female)

3379
2547

18·9
14·4

0·0842

Statin
No statin

3272
2654

16·2
17·9

0·2867
0·4

0·7

Telmisartan better

B

1·0

1·3

HR (95% CI)

1·6
Placebo better

Number of Incidence (%)
patients
in placebo group

p for
interaction

Composite endpoint

5926

14·8

History of cardiovascular disease
No history of cardiovascular disease

5418
505

15·0
12·9

0·4001

Systolic blood pressure ≤ 133
133 < systolic blood pressure ≤ 149
Systolic blood pressure > 149

1955
1996
1969

13·8
13·7
16·9

0·7725

Diabetes
No diabetes

2118
3805

17·8
13·2

0·6092

HOPE score ≤ 3·624
3·624 ≤ HOPE score ≤ 4·034
HOPE score > 4·034

1978
1934
2014

7·9
13·3
23·0

0·4597

Age < 65 years
65 ≤ age < 75 years
Age ≥ 75 years

2375
2576
975

11·4
14·8
23·2

0·7996

Sex (male)
Sex (female)

3379
2547

16·6
12·4

0·1586

Statin
No statin

3272
2654

14·1
15·7

0·2790

0·4
0·7
Telmisartan better

1·0
HR (95% CI)

1·3

1·6
Placebo better

Figure 4: Subgroup analyses for prespeciﬁed analyses (except use of statins)
(A) Primary composite outcome of cardiovascular death, myocardial infarction, stroke, or heart failure
hospitalisation. (B) Secondary composite outcome (HOPE Study outcome) of cardiovascular death, myocardial
infarction, or stroke.

TRANSCEND (placebo event rate of 1·09% per year),
compared with HOPE (3·06% per year). Thus it is
possible that the population enrolled in TRANSCEND
were inherently at lower risk compared with those in
HOPE. The proportion of women in TRANSCEND was
about 40% compared with about 25% in ONTARGET
and previous trials of ACE inhibitors. In women, there
was no apparent beneﬁt with telmisartan in TRANSCEND
(ﬁgure 4), whereas in HOPE there were similar eﬀects in
men and women. Statin use was higher in TRANSCEND

See Online for webtable
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compared with most previous trials, but in TRANSCEND,
as well as in previous trials, the results were consistent
in patients receiving or not receiving these drugs. Based
on these considerations, it is possible that the
TRANSCEND population diﬀers systematically from
ONTARGET and previous trials. There were higher rates
of diuretic and β-blocker use in the placebo group than
in the telmisartan group after randomisation, which
would have masked heart failure. Lastly, the play of
chance for the apparent lack of reduction in heart failure
cannot be excluded.
Telmisartan

Placebo

Hazard ratio (95% CI)

p value

Cardiovascular death

227 (7·7%)

223 (7·5%)

1·03 (0·85–1·24)

0·778

Myocardial infarction

116 (3·9%)

147 (5·0%)

0·79 (0·62–1·01)

0·059

Stroke

112 (3·8%)

136 (4·6%)

0·83 (0·64–1·06)

0·136

Hospitalisation for heart failure

134 (4·5%)

129 (4·3%)

1·05 (0·82–1·34)

0·694

Table 3: Components of the primary outcome

Telmisartan
(N=2954)

Placebo
(N=2972)

Hazard ratio
(95% CI)

p value

Any heart failure

191 (6·5%)

197 (6·6%)

0·98 (0·80–1·19)

0·828

Revascularisation procedures

349 (11·8%)

390 (13·1%)

0·90 (0·77–1·03)

0·133

New diabetes or fasting glucose ≥7 mmol/L

359 (20·1%)

393 (21·6%)

0·91 (0·79–1·05)

0·203

New clinical diagnosis of diabetes

209 (11·0%)

245 (12·8%)

0·85 (0·71–1·02)

0·081

New atrial ﬁbrillation

182 (6·4%)

180 (6·3%)

1·02 (0·83–1·26)

0·829

New left ventricular hypertrophy

128 (5·0%)

202 (7·9%)

0·62 (0·50–0·78)

<0·001

Cancers

236 (8·0%)

204 (6·9%)

1·17 (0·97–1·42)

0·094

Angina with hospitalisation and ECG changes

253 (8·6%)

287 (9·7%)

0·88 (0·74–1·04)

0·135

Any cardiovascular hospitalisation

894 (30·3%)

980 (33·0%)

0·92* (0·85–0·99)

0·025

Number of patients hospitalised

1477 (50·0%) 1526 (51·4%)

0·97*(0·93–1·02)

0·300

1·05 (0·91–1·22)

0·491

Total mortality

364 (12·3%)

349 (11·7%)

*Relative risk, rather than hazard ratio.

Table 4: Other secondary events and hospitalisations

Telmisartan

Placebo

Odds ratio
(95% CI)

p value

Cardiovascular death, myocardial infarction, stroke, hospitalisation for heart failure
PRoFESS
TRANSCEND
Combined

1367/10 146 (13·5%)

1463/10 186 (14·4%)

0·93 (0·86–1·01)

465/2954 (15·7%)

504/2972 (17·0%)

0·91 (0·80–1·05)

0·067
0·205

1832/13 100 (14·0%)

1967/13 158 (14·9%)

0·93 (0·86–0·99)

0·026

Combined data ≤6 months

546/13 100 (4·2%)

492/13 158 (3·7%)

1·12 (0·99–1·27)

0·075

Combined data >6 months

1286/12 484 (10·3%)

1475/12 575 (11·7%)

0·86 (0·80–0·94)

<0·001

1289/10 146 (12·7%)

1377/10 186 (13·5%)

0·93 (0·86–1·01)

0·086

384/2954 (13·0%)

440/2972 (14·8%)

0·86 (0·74–1·00)

0·045

1673/13 100 (12·8%)

1817/13 158 (13·8%)

0·91 (0·85–0·98)

0·013

Cardiovascular death, myocardial infarction, stroke
PRoFESS
TRANSCEND
Combined analyses
Combined data <6 months

502/13 100 (3·8%)

450/13 158 (3·4%)

1·13 (0·99–1·28)

0·074

Combined data >6 months

1171/12 526 (9·3%)

1367/12 616 (10·8%)

0·85 (0·78–0·92)

<0·001

Data are number of events/number randomised (%).

Table 5: Combined analyses of the results of TRANSCEND and PRoFESS trials comparing telmisartan
with placebo
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The results of this trial, and the similarity of eﬀects on
myocardial infarction between telmisartan and ramipril
(which has been shown to reduce such events) in
ONTARGET, should help to dispel concerns that
angiotensin-receptor blockers might not reduce
myocardial infarction.23 These ﬁndings are consistent
with the data on reductions in myocardial infarction with
candesartan versus placebo in heart failure.24 A
consistently lower rate of stroke is observed with
angiotensin-receptor blockers in TRANSCEND (vs
placebo), in ONTARGET11 (vs an ACE inhibitor), and in
the LIFE10 study (vs β blockers), which is suggestive of a
special eﬀect of these drugs on cerebrovascular events,
but the evidence is not conclusive.
In TRANSCEND, we enrolled patients intolerant to
ACE inhibitors. Despite this, adherence to telmisartan
was high and better than with placebo, conﬁrming the
tolerability of telmisartan. In fact, even patients who had
experienced angioneurotic oedema and other side-eﬀects
while on ACE inhibitors can be given telmisartan. A high
proportion of patients in our study were treated with
lipid-lowering agents, antiplatelet agents, and other
blood-pressure-lowering drugs. Further, more patients in
the placebo group received added blood-pressurelowering drugs than did those in the telmisartan group,
which might have minimised the diﬀerences in blood
pressure seen between the two randomised groups.
Consequently, the diﬀerence in blood pressure between
the two randomised groups was modest. Adjusting for
this modest diﬀerence in blood pressure did not
appreciably change the point estimate for cardiovascular
death, myocardial infarction, and stroke seen in both
TRANSCEND and PRoFESS, suggesting that a large
proportion of the beneﬁts of telmisartan might be
independent of blood-pressure lowering. Similar results
have been observed in the HOPE study with ramipril1
and in the LIFE study with losartan.10
One can speculate whether more prolonged treatment
with telmisartan may have led to a larger beneﬁt. This
possibility is supported by analyses of PRoFESS,15 HOPE,1
and the LIFE10 studies, where little or no beneﬁt was seen
in the ﬁrst 6–12 months after randomisation, with
beneﬁts perhaps emerging later. A lag before beneﬁts
emerge has been seen in several trials of blood-pressurelowering trials,25 and also in trials of lipid-lowering
agents.26,27 This lag might be explained by the time needed
to modify the atherothrombotic processes in the arterial
wall by the blood-pressure-lowering or lipid-lowering
agents, which take months or years to accrue. Further,
even in a trial of 5 years of follow-up, the mean duration
of treatment to an event (assuming constant hazard) is
only 2·5 years. Moreover, with improvements in
background therapies such as increased use of statins
and blood-pressure-lowering agents, the beneﬁts of
adding a further new agent could either be more modest
or likely to take longer to emerge. These considerations
suggest that trials of new interventions to prevent future
www.thelancet.com Vol 372 September 27, 2008
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vascular events (when added to existing therapies) have
to seek modest beneﬁts (eg, relative risks of 10–15%) and
be more prolonged to ensure that the full beneﬁts of such
interventions become evident. Further, the continuing
beneﬁts seen after stopping randomised therapy for
several years after completion of some trials of lipid
lowering27,28 or ACE inhibitors28 suggest that once the
biological processes in the vessel wall are favourably
modiﬁed, the beneﬁts might continue to accrue.
The eﬀect of telmisartan on the incidence of diabetes
seen here seems to be smaller than in previous trials of
ACE inhibitors or angiotensin-receptor blockers.29
However, in some previous trials, diabetes was not a
prespeciﬁed hypothesis,30 the population included those
with intense activation of the RAAS (renin-angiotensinaldosterone system; eg, patients with heart failure),31 the
comparator was an agent such as a β blocker or a
diuretic,32,33 and in many studies glucose was not
systematically measured, as the diagnosis was made
solely on clinical grounds. In the only trial to prospectively
assess this question (DREAM),22 a 9% non-signiﬁcant
beneﬁt in preventing diabetes was observed with ramipril,
which is consistent with our results.
Although the eﬀect of telmisartan on the primary
outcome in a population of patients intolerant to ACE
inhibitors was not statistically signiﬁcant, and
interpretation of diﬀerences in secondary outcomes
should be undertaken with caution, the HOPE outcome
was reduced with telmisartan compared with placebo.
Further, the ONTARGET trial shows non-inferiority of
telmisartan versus ramipril, and there was a trend
towards fewer events in the PRoFESS trial. A prespeciﬁed
analysis combining the results of TRANSCEND and
PRoFESS on this outcome is statistically signiﬁcant,
especially with more prolonged treatment (table 5).
Further, there was a reduction in the combined outcome
of microvascular and macrovascular events and in
cardiovascular hospitalisations (as used in ADVANCE)—
again suggesting clinical beneﬁt. These data suggest that
telmisartan confers a modest added beneﬁt when added
to other proven therapies. In view of the drug’s tolerability
and eﬀects on cardiovascular endpoints, telmisartan
could be regarded as a potential treatment for patients
with vascular disease or high-risk diabetes, if they are
unable to tolerate an ACE inhibitor.
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The present study in hypertensive men (40-64 years old) with untreated diastolic blood
pressure above 100 mm Hg was aimed at investigating whether metoprolol (n = 1,609) given as
initial treatment would lower the risk for coronary events (sudden death and myocardial
infarction) more effectively than thiazide diuretics (n=1,625). A substantial part of this study
was the metoprolol arm of the Heart Attack Primary Prevention in Hypertension (HAPPHY)
study. The HAPPHY study was a pooling of the effect of different /J-blockers, mainly metoprolol
and atenolol, in which no favorable effect in relative risk was observed for atenolol as compared
with diuretics. In the present study, 255 patients suffered definite coronary events during
follow-up; 25% of these events were fatal, 39% were acute myocardial infarctions, and 36% were
silent myocardial infarctions. The risk for coronary events was significantly lower in patients on
metoprolol than in patients on diuretics (111 versus 144 cases, p=0.001, corresponding to 143
versus 18.8 cases/1,000 patient years and a relative risk of 0.76 at the end of the trial; 95%
confidence interval 0.58-0.98). This difference in risk has potentially important implications
for clinical practice because of the large number of hypertensive patients who are at increased
risk for coronary events. Because a placebo group, for ethical reasons, could not be included,
relative risk can only be expressed in relation to diuretics. There was no difference between the
two treatment groups in baseline characteristics, blood pressure during follow-up, or stroke
rates. Thus, the difference in risk for coronary events is probably mediated via mechanisms
other than blood pressure control. However, present data might suggest that different
/3-blockers may have different efficacy in preventing coronary events. The reasons for this
possibility are as yet unknown. (Hypertension 1991:17:579-588)

C

ontrolled studies with thiazide diuretics in
mild-to-moderate hypertension have demonstrated an approximately 40% reduction
in strokes as compared with placebo.1 However,
because pooled analyses of all studies performed
with thiazide diuretics have only shown a modest
8-10% beneficial effect on coronary events,1 comparative trials to assess the effects of other antihypertensive drugs are needed. These are of particular
interest since the risk for coronary events is much
greater than the risk for stroke.1"4
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Data are available from four randomized studies
where thiazide diuretics have been compared with
four /3-blockers: propranolol3 (nonselective, relatively lipophilic); oxprenolol6 (nonselective with intrinsic sympathomimetic activity, relatively lipophilic); atenolol7'8 (/Si-selective, hydrophilic), and
metoprolol8'9 Oi-selective, relatively lipophilic).
When the studies were planned, it was postulated
that the /3-blocker probably had the same effect on
stroke as the diuretics and a possible additional effect
on coronary events (sudden death and myocardial
infarction) by an action that was independent of the
reduction in blood pressure.
The present comparison, the Metoprolol Atherosclerosis Prevention in Hypertensives (MAPHY)
study, aimed at analyzing whether metoprolol given
as initial antihypertensive treatment would prevent
coronary events more effectively than diuretics in
men with untreated diastolic blood pressure above
100 mm Hg. The first report from this study showed
a significantly lower total mortality for metoprolol
than for thiazide diuretics.9 The main purpose of the
present paper is to present the nonfatal coronary
events and stroke events observed in the study.
The publication of the mortality report aroused
great interest but also critical comment.810-12 These
latter arose from several issues: first, the results were
conceived as a subgroup analysis of the HAPPHY
study and second, the results were interpreted as
contradicting the results from the Medical Research
Council (MRC) and International Prospective Primary Prevention Study in Hypertension (IPPPSH)
studies. In addition, the results suggested the possibility that metoprolol and atenolol may differentially
affect the risk in hypertensive patients. The present
article briefly addresses these issues by presenting
the trial design in more detail in the Methods section
and by considering the results from the other studies
in context in the Discussion section.
Methods
The Original Study— "^-Blockade Versus
Saluretics in Hypertension"
Plans were drawn up in 1975 in Gothenburg,
Sweden, for a study comparing /3-blockade with
thiazide diuretic treatment in hypertensive patients.
This study entitled "/3-Blockers Versus Saluretics in
Hypertension"13 is the parent trial for both the
MAPHY study and the HAPPHY study. For reasons
of statistical power, it was decided to only include
patients at increased risk for coronary events: male
patients with untreated diastolic blood pressure at or
above 100 mm Hg. Recruitment was aimed at 20,000
patient years with a statistical power of a=0.05 and
0=0.90 for the detection of a hypothesized 30%
difference in coronary events.13 When the study was
initiated, data existed to show that in hypertensive
men with diastolic blood pressure above 100 mm Hg,
thiazide diuretics reduced the risk for stroke.14 For
ethical reasons, therefore, a placebo group could not

be included. The original protocol from 1976 stipulated that patients should be randomly assigned to
treatment with a thiazide diuretic (hydrochlorothiazide or bendroflumethiazide) or one of the two
/3-blockers metoprolol or propranolol. A fixed therapeutic schedule should be used to reach the treatment goal of diastolic blood pressure less than 95
mm Hg. Propranolol was used in only one center with
a total of 88 patients (Table I). 7 8 Thus, the study
following the original protocol essentially compared
metoprolol and thiazide diuretics.
The HAPPHY Study-Pooling of Metoprolol,
Propranolol, and Atenolol Data
In 1978, more than 2 years after the first patient
was randomly assigned according to the original
protocol, atenolol had become available in many
countries, and the original protocol was modified to
allow for centers that could randomly assign patients to either atenolol or diuretics (Figure 1).8~10
The metoprolol, propranolol, and atenolol parts
were run in parallel and kept completely separate
as regards randomization and follow-up since the
original protocol stipulated that only one /3-blocker
could be used within each center.13 The reason for
adding a new /3-blocker was to increase recruitment, and the design was not planned for a comparison of different 0-blockers.7"10 After 1981, this
joint study was called HAPPHY.79 Results from
6,569 men covering 20,000 patient years with the
pooled data, known as the HAPPHY study, were
initially analyzed and published in 1987.7 The mean
follow-up time was considerably shorter in the
atenolol part as compared with the metoprolol and
propranolol parts (Figure 1, Table I). 8
The MAPHY Study
In 1985, it was decided to close the HAPPHY study
since the pooled data had accumulated 20,000 patient
years. However, follow-up continued at metoprolol
centers with the following background. In 1985, the
results of the MRC study5 and the IPPPSH,6 performed in both men and women, were published (Table
1). The results, in the two sexes combined, suggested
that /3-blocker therapy was not effective in terms of
reducing coronary events. However, at that time, and as
summarized in the original mortality report from MAPHY, evidence was accumulating to suggest that certain /3-blockers had various actions that indicated the
potential for antiatherosclerotic and cardioprotective
effects.9 In addition, the long-term postinfarct studies
with timolol, propranolol, and metoprolol had produced positive results.916-20 Furthermore, there was
some evidence in data published in 1985 from MRC
and IPPPSH that in men, relative risk was lower on
/3-blockade as compared with a mainly thiazide diuretic-based schedule (Table I).21 However, 60% of those
on /3-blockade in IPPPSH also received a diuretic,
making it hard to compare drug effects in a valid way.
Accordingly, it could be considered that the MRC and
IPPPSH had failed to yield positive results for a num-
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TABLE 1. Blood Pressure Inclusion Criteria, Mean Follow-up Time, and Mortality Rate in the Atenolol and
Propranolol Arms of the HAPPHY Study and in the MRC, MAPHY, IPPPSH, and HDFP Trials
Inclusion diastolic
BP (mm Hg)

Study
Atenolol arm, HAPPHY (men only)
Randomized to diuretics
Randomized to atenolol
MRC (men and women)
Randomized to diuretics
Randomized to propranolol
MAPHY (men only)
Randomized to diuretics
Randomized to metoprolol
IPPPSH (men and women)
Randomized to non-/3-blocker'
Randomized to oxprenolol
HDFP (white men and women)
Randomized to referred care
Randomized to stepped care
Propranolol arm, HAPPHYf (men only)
Randomized to diuretics
Randomized to propranolol

100-130

Mean follow-up
time (yr)

Mortality rate (deaths/1,000
patient years)
Men and women
Men only

3.0
5.5
6.9

90-109

4.9
6.0
5.6

100-130

7.5
6.7

5.0
10.3
8.0
4.1

100-125

8.8
8.3

12.7
9.3

12.0
10.9

13.5
11.5

5.0

90-above

6.9

100-130

13.7
16.1

Studies are presented in increasing value of mortality rate in the male control groups. BP, blood pressure;
HAPPHY,7-8 Heart Attack Primary Prevention in Hypertension; MRC,5 Medical Research Council trial; MAPHY,9
Metoprolol Atherosclerosis Prevention in Hypertensives; IPPPSH,6 International Prospective Primary Prevention
Study in Hypertension; HDFP,13 Hypertension Detection and Follow-up Program.
*Mainly diuretics.

tThere were only nine deaths in this center, four in patients given diuretics and five in patients given propranolol.8
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in the two treatment groups in HAPPHY when the
decision to continue follow-up was made in 1985.9 The
study with the extended follow-up was stopped in
February 1987. The data showed an increasing use of
^blockade in the diuretic group as the follow-up
period lengthened.9 The mortality results covering
16,180 patient years were published as the MAPHY
study.9-22-23 This study strictly followed in all parts the
original protocol of "^Blockade Versus Saluretics in
Hypertension" as defined in 1976, although the aim of
having data on 20,000 patient years was not achieved.

ber of reasons, one of which was that women with a low
absolute risk for coronary events had been included
and had diluted the results; and also because the
number of events in the men was not sufficiently large
to allow for a powerful statistical analysis. With this in
mind and knowing the animal and postinfarct data, 9 it
was decided that follow-up should continue at the
metoprolol/thiazide diuretic centers. The aim of this
follow-up was to obtain additional data regarding the
possible cardioprotective benefits of metoprolol.9 No
information was available whatsoever about end points

The MAPHY

Study

metoprolol
Metoprolol Centers

Hem FollOW-Up n S.O years
n > 3234

diuretics
H

1

1

1

atenolol
Atenolol Center*

1

FIGURE 1. Schematic of design of Metoprolol Atherosclerosis Prevention in Hypertensives (MAPHY) study9 and Heart Attack Pri1987 mary Prevention in Hypertension (HAPPHY)
7 10
H 1 study. & For reasons of simplicity the single
h
Dec 31
propranolol center has not been illustrated
1985
(information on this center is given in Table
Pooling
I).8 R, randomization.
HAPPHY

Mean Follow-up = 3.0 yeara
n u 3203
diuretics
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Only one propranolol center was recruited in the
original study, and data from this center were not
included in the MAPHY study. The results, however,
remain very similar if the data from the 88 patients at
this center are included. Further details on patients and
methods are given in the mortality reports.9*22-23
Main End Points and Classification of End Points
The main end points were total mortality, sudden
cardiac death, the pooled incidence of fatal and
nonfatal coronary events, and stroke. A classification
of all reported fatal and nonfatal symptomatic events
was made by the Independent End Point Committee.
This classification, the Minnesota coding of electrocardiograms (ECGs) (see below) and data quality
were audited by the Independent Data Audit Committee. All cases were judged without any knowledge
of actual treatment or of the treatment to which the
patients had originally been randomly assigned. Details on the classification of cause-specific mortality
have been presented in the mortality reports.9-22^3
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Nonfatal Myocardial Infarctions
Acute myocardial infarction. For a diagnosis of an
acute myocardial infarction to be confirmed, at least
two of the following three criteria were to be fulfilled:
central chest pain of more than 15 minutes' duration,
transient elevation of enzymes indicating myocardial
necrosis, or typical ECG changes. If myocardial
infarction was suspected but only one criterion was
fulfilled, the condition was reported as a possible
myocardial infarction.
Silent myocardial infarction. A 12-lead resting ECG
was recorded at randomization, repeated on a yearly
basis, and sent to the administrative center at the
Sahlgrenska Hospital, Gothenburg University, for
Minnesota coding.24 Altogether 16,987 ECGs were
each coded by two independent technicians: 8,575
from patients randomly assigned to metoprolol and
8,412 from patients randomly assigned to diuretics.
The occurrence of a new major Q/QS item (Minnesota code 1:1 or 1:2) without other clinical signs of
myocardial infarction was defined as a definite silent
myocardial infarction. Similarly, a new minor Q/QS
item (code 1:3) was defined as a possible silent
myocardial infarction.
Nonfatal Stroke
For a diagnosis of nonfatal stroke to be recorded,
unequivocal signs of focal or global neurological
deficit with sudden onset, which were of a duration
greater than 24 hours and were thought to be vascular in origin, were to be present.
Statistical Methods
All data were analyzed according to the original
randomized allocation, even if actual treatment deviated from this (intention-to-treat). With the Gehan-Wilcoxon nonparametric test for survival analysis, the null hypothesis was tested (i.e. that there was
no difference between the two treatments in

risk).2526 The Gehan-Wilcoxon test does not assume
a constant ratio between the hazard functions of the
two groups during follow-up and therefore cannot be
used to calculate risk ratios and confidence intervals.
Even so, in an attempt to quantitatively illustrate the
difference between the two treatment regimens in
relative risk, crude risk ratios and confidence intervals for relative risk have been given at the median
follow-up time (4.2 years) and at the end of the study
(10.8 years) for all first definite coronary events and
cardiovascular events, using the Fisher statistics.25-26
In patients with an event, patient years have been
calculated to the time of the first event, otherwise to
the last follow-up date. In a post hoc subgroup
analysis, data were analyzed according to smoking
status at randomization to allow comparison with
data presented from the MRC and IPPPSH reports.5-6 Furthermore, data were analyzed according
to the occurrence of resting ECG abnormalities at
randomization. The ECG abnormalities were defined
as any of the codes 1:1-3 (Q or QS items); 2:1 (left
axis deviation); 4:1-3 (S-T changes); 5:1-3 (T wave
changes); 7:1 or 7:2 (left or right bundle branch
block).
Values of p< 0.05 (two-sided tests) were considered significant and all probability values referring to
the Gehan-Wilcoxon statistics refer to the total study
period until the end of the trial (10.8 years).
Results
Clinical characteristics at randomization and during
follow-up were given in the mortality report.9 Baseline
characteristics were very similar in the two treatment
groups as was blood pressure during follow-up: 142/89
mm Hg in the metoprolol group (n=l,609) and 143/90
mm Hg in the diuretic group (n=1,625).
Definite Coronary Events
Fatal and nonfatal coronary events. Two hundred
and fifty-five patients suffered definite coronary
events during follow-up: 25% of these events were
fatal, 39% were acute myocardial infarctions, and
36% were silent myocardial infarctions. The risk for
coronary events was significantly lower in patients on
metoprolol than in patients on diuretics (111 versus
144 cases,/?=0.001, corresponding to 14.3 versus 18.8
cases/1,000 patient years and a relative risk of 0.76 at
the end of the trial; 95% confidence interval 0.580.98). The lower risk for coronary events was due to
differences in risk both for symptomatic events (sudden death and fatal and nonfatal acute myocardial
infarction, p=0.024) as well as for definite silent
myocardial infarctions (p=0.016). In one patient in
the metoprolol group and three patients in the
diuretic group, the first definite coronary event had
been preceded by a nonfatal stroke (Table 2).
Nonfatal myocardial infarctions. The incidence of all
first definite nonfatal myocardial infarctions was significantly lower in patients on metoprolol than in patients
on diuretics (p=0.0034, 10.6 versus 14.3 cases/1,000
patient years at the end of the trial, Table 2).
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TABLE 2.

All First Definite
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and Definite Plus Possible Coronary Events and Cardiovascular Events
All first coronary events
Metoprolol

Events
Fatal
Coronary
Stroke
Other CV$
Definite nonfatal
Acute MI
Silent MI§
Acute and silent
MI

Nonfatal stroke
All definite
Definite and possible

583

Rate

n

29

All first CV events'
Diuretics

p valuet

3.7

n
35

Metoprolol

Rate

n

Rate

4.6

29
2

Diuretics
n

Rate

3.7

34'

4.5

0.3

7

0.9

1

0.1

4

0.5

p valuet

44

5.7

54

7.1

44

5.7

53*

7.0

38

4.9

55

7.2

37*

4.8

54*

7.1

82

10.6

0.0034

109

14.3

111

14.3
20.5

0.0010
0.0015

144
202

18.9
27.0

157

21

2.7

134

17.3
23.3

178

0.0009
0.0011

18

2.4

170

22.3
30.5

228

Observe that fatal cases preceded by definite nonfatal cardiovascular events have not been given in the table. Cardiovascular events
include coronary events, stroke events, and also deaths from other cardiovascular causes. Only one event (the first) counted in each patient.
For full information on fatal cardiovascular events see References 9, 22, and 23. CV, cardiovascular; Rate, events/1,000 patient years of
follow-up; MI, myocardial infarction.
*A nonfatal stroke preceded a definite coronary event in one patient in the metoprolol group and three patients in the diuretic group.
tProbability values refer to the difference in risk during the entire study period.
$For details see Reference 9.
§New major Q/QS items (1:1 or 1:2 according to the Minnesota code,24 in annual electrocardiograms). Only silent events (p=0.016) are
given in the table (see Methods section for details). Altogether 57 major Q/QS items were coded in the metoprolol group and 73 in the
diuretic group (p=0.014).
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The incidence of all first definite cardiovascular
events was significantly lower in patients on metoprolol than in patients on diuretics (Tables 2 and 3).
First stroke events accounted for 16% of these
events: 23 cases in the metoprolol group (two fatal
and 21 nonfatal) and 25 cases in the diuretic group
(seven fatal and 18 nonfatal) (Figure 2).
The incidence of all first definite cardiovascular
events was significantly lower in patients on metoprolol in both patients with and patients without
resting ECG abnormalities present at randomization
(ECG changes absent, p=0.008; 16.7 versus 21.8
cases/1,000 patient years at the end of the trial; ECG
changes present,/)=0.03; 19.4 versus 24.6 cases/1,000
patient years at the end of the trial).
Subgroup Analysis by Smoking Status
at Randomization
The incidence of all first definite coronary events
and also definite cardiovascular events was significantly lower in nonsmoking patients on metoprolol

than in nonsmoking patients on diuretics (Figure 3,
Table 4).
Total and coronary heart disease mortality were
significantly lower in smokers on metoprolol than in
smokers on diuretics (p=0.012 and/?=0.021, respectively).9'22 In addition, the risk for fatal and definite
nonfatal coronary events combined tended to be
lower in smokers on metoprolol, although the difference in risk did not reach the level of formal statistical significance (p=0.09, Table 4).
In the whole study population as well as in subgroups of nonsmokers and smokers, the incidence of
all first definite and possible coronary events and also
definite and possible cardiovascular events was significantly lower in patients on metoprolol compared
with patients on diuretics (Tables 2 and 4).
Noncardiovascular Deaths

There were 23 noncardiovascular deaths in the
metoprolol group and 26 in the diuretic group. One
noncardiovascular death in the metoprolol group and

TABLE 3. Relative Risk (Metoprolol/Dluretlcs) and Confidence Intervals for Relative Risk for All First Definite Coronary Events and All
First Definite Cardiovascular Events at the Median Follow-up Time (4.2 Yean) and at the End of the Trial (10.8 Years)
Median (4.2 years)
Relative
Definite events

risk

95% confidence
interval

Coronary events
CV events

0.58
0.60

0.41-0.80
0.44-0.81

Relative
0.76
0.77

risk

End (10.8 years)
95% confidence
interval
0.58-0.98
0.61-0.98

Cardiovascular events include coronary events, stroke events, and also deaths from other cardiovascular causes. CV, cardiovascular.
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two noncardiovascular deaths in the diuretic group
were preceded by definite cardiovascular events.

First Definite Coronary Event
Diuretic*

140-

Coronary Artery Bypass Surgery

p-0.0010

120-

There were few cases of coronary artery bypass surgery performed during the course of the
trial: six in patients on metoprolol and eight in
patients on diuretics.
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FIGURE 2. Line graph showing cumulative numbers for all first
definite coronary events and stroke events in the two randomization groups. The p value refers to difference in risk between the
two randomization groups during entire study period.
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FIGURE 3. Line graph showing cumulative numbers of all
first definite coronary events in patients classified as nonsmokers at randomization in the two randomization groups. The p
value refers to difference in risk between the two randomization groups during entire study period.

Discussion
The results from the present study in white men
(40-64 years old) with untreated diastolic blood
pressure above 100 mm Hg showed that metoprolol
given as initial antihypertensive treatment was associated with a lower risk for coronary events than
diuretics. This was due to differences for both symptomatic coronary events as well as silent myocardial
infarctions. The data from the Framingham study
showed that 38% of all first coronary events among
treated hypertensive men were unrecognized or silent,3 a figure with which our results accord well.
Baseline characteristics, blood pressure during follow-up, and stroke rates were very similar in the two
treatment groups. Therefore, the difference in risk is
probably due to mechanisms other than blood pressure control. Because a placebo group, for ethical
reasons, could not be included, relative risk can only
be expressed in relation to diuretics. Thus, relative
risk expresses both benefits of /3-blockade as well as
any negative effects caused by the diuretics.
There are many possible mechanisms apart from the
antihypertensive effect by which a /3-blocker may lower
the risk for coronary events. These include cardiac
anti-ischemic effects, antifibrillatory effects, antithrombotic effects, and antiatherosclerotic effects.9-22-23-27-47
There was no difference between the two treatment
groups in serum cholesterol at randomization.9 Serum
cholesterol decreased significantly in the metoprolol
group during follow-up and was significantly lower
(0.17 mmol/1) for metoprolol than for diuretics at the
end of follow-up, a finding that might contribute in
part to the difference that was observed in coronary

TABLE 4. All First Definite and Definite Plus Possible Coronary Events and Cardiovascular Events in Patients Classified as Nonsmokers
and Smokers at Randomization
Nonsmokers*

Smokers*

Events

n

Metoprolol

Diuretics

Metoprolol
Rate

p valuet

Diuretics

n

Rate

n

Rate

p valuet

n

Rate

Definite events
Coronary

50

9.7

0.0008

80

16.1

59

23.7

0.09

64

26.8

A11CV

64

12.5

0.001

94

18.9

68

27.5

0.07

76

32.1

Coronary

84

16.5

0.0072

117

24.0

71

30.0

0.024

85

36.5

A11CV

97

19.2

0.0066

131

26.9

79

32.4

0.019

97

42.0

Definite and
possible events

Cardiovascular events include coronary events, stroke events, and deaths from other cardiovascular causes. Rate, events/1,000 patient
years of follow-up; CV, cardiovascular.
'For definition of nonsmokers and smokers see References 9 and 22. Information on smoking habits was missing in 72 patients, two of
whom had a definite nonfatal cardiovascular event.
tProbability values refer to the difference in risk during the entire study period.

Wikstrand et al Primary Prevention of Coronary Heart Disease

Downloaded from http://ahajournals.org by on August 19, 2019

events.922 Even if controlled studies with diuretics have
demonstrated irrefutable decreases in the risk for
stroke and cardiovascular mortality in the type of
patients we studied, it may also be argued that negative
effects of diuretic treatment may have adversely affected outcome in individual patients randomly assigned to thiazide diuretics.448 However, pooled analyses of all studies performed with thiazide diuretics have
not given any evidence that thiazide treatment increases the risk for coronary events, in fact a modest
8-10% beneficial effect on coronary events has been
observed.1
In a misleading commentary by Moser and
Sheps,12 it was argued that the mortality in the
diuretic-treated patients in MRC, IPPPSH, and also
in the Hypertension Detection and Follow-up Program (HDFP) was considerably less than in the
MAPHY study. They suggested that an exceptionally
high absolute risk in the diuretic group could explain
the results of the MAPHY study. As illustrated in
Table 1, however, in comparable groups (i.e., in men)
both IPPPSH and HDFP showed higher mortality
rates. Thus, there is no reason to believe that the
MAPHY diuretic-treated male patients by chance12
fared badly and represented an extreme sample of
the population under investigation and that this
would explain the difference in risk between the
/3-blocker group and the diuretic group.
The HAPPHY study showed no difference in
mortality between /3-blocker (metoprolol, atenolol,
and propranolol pooled) and thiazide diuretic treatment.7 Data later published, however, showed a
lower mortality in those patients on metoprolol than
in those on diuretics and a nonsignificant opposite
trend for atenolol, which explains the lack of difference from the pooled data.8
The mean follow-up time was shorter and the
overall risk lower in the patients enrolled in the
atenolol part of the HAPPHY study as compared
with male patients in the other studies performed
(Table 1). However, neither the low mortality rate
nor the shorter mean follow-up time can explain why
atenolol had no positive effect. To partly illustrate
this, figures have been given separately for the high
risk Finnish centers49 and for the other countries in
MAPHY in Figure 4. At a similar mortality rate in
the diuretic group in the MAPHY study as in the
diuretic group in the atenolol part of the HAPPHY
study, there was a decrease in relative risk with
metoprolol (see Figure 4, data at 842 days in all
countries except Finland: 3.4 versus 6.2 deaths/1,000
patient years). Furthermore, at exactly the same
mean follow-up time in the MAPHY study as in the
atenolol part of the HAPPHY study (3.0 years, Table
1) there were 22 deaths in the group given metoprolol and 41 deaths in that given diuretics,9 corresponding to 4.6 versus 8.5 deaths/1,000 patient years
(i.e., a decrease in relative risk with metoprolol). This
has to be compared with the 33 deaths in the group
given atenolol and 26 deaths in the group given
diuretics, corresponding to 6.9 versus 5.5 deaths/

Mortality Rat*
(Dutha/1000 Pattern Years)
20-|
Finland

585

0 Ustoprolol
H Dhiretlca
All Countries
except Finland
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FIGURE 4. Bar graphs showing cumulative mortality rate in
patients from Finland and in patients from all other countries
except Finland at shortest common follow-up period for all
patients (842 days)9 and at end of Metoprolol Atherosclerosis
Prevention in Hypertensives (MAPHY) study. Observe that
reduction in relative risk with metoprolol seems to be independent of mortality rate (Le., absolute risk in men studied); the
percentage difference between two treatment groups in Finland
is very similar to percentage difference between treatment
groups in populations from other countries but with only half
the absolute risk in diuretic control group compared with
Finland where 21.2% of the patient years and 35.1% of the
total number of deaths occurred.9 Figures for the total study
group at the end of the MAPHY study are given in Table 1.

1,000 patient years (i.e., an opposite trend in relative
risk with atenolol).8 The reason atenolol did not show
data in favor of /3-blockade can only be sought in
additional studies.33'36'45
Without supporting evidence, no study ought
to be judged as definite. Supporting evidence
for a cardioprotective effect of /3-blockade has
been published from a large number of animal
experiments.31-33-35'36'38'414345-47 Results from two
recently published nonrandomized clinical studies
indicate a lower risk for coronary events in hypertensive patients on /3-blockade than in patients on
regimens not including /J-blockers.50-51 Furthermore, post hoc subgroup analysis from the MRC
study showed that the risk for coronary events (fatal
and nonfatal) was significantly lower in nonsmoking
men given propranolol than in nonsmoking men
given placebo.5-52 The coronary event rates in nonsmoking men given placebo and diuretics were very
similar. The IPPPSH showed a significantly lower
risk for coronary events in male nonsmokers randomly assigned to oxprenolol compared with the
men randomly assigned to a non-/3-blocker, mainly
thiazide diuretic-based, treatment schedule.6 The
incidence of coronary events was also significantly
lower in nonsmoking patients randomly assigned to
the /3-blocker than in nonsmoking patients randomly assigned to diuretics in the MAPHY study
(Figure 3). Results in male nonsmokers are consistent accordingly in three randomized clinical trials
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with relatively lipophilic /3-blockers and furthermore are supported by one observational study.50
No effect was seen for coronary events in male
smokers randomly assigned to /3-blockade in MRC
and IPPPSH.5-6 In the MAPHY study, on the other
hand, total and coronary mortality were significantly
lower in male smokers on /3-blockade than in those
on diuretics.9'22 The possibility that the risk reduction
in smokers is due to the fact that metoprolol also is
cardioselective has been discussed in a separate
paper.22 Even so, the mortality risk in the smokers
was much higher than in nonsmokers, which emphasizes the importance of measures to help smokers
stop smoking.22
Is it possible then that similar /3-blockers could
have differential effects on therapeutic outcome because there is no "class effect"?53 It is of interest that
animal studies designed to assist in the understanding of the mode of action of /3-blockade have shown
effects on atherogenesis in animals using lipophilic
/3-blockers (propranolol and metoprolol)31-32-35-41 and
reduction in spontaneous ventricular fibrillation with
metoprolol but not atenolol.45 There is a paucity of
data on atherogenesis using the hydrophilic /3-blockers, although this subject has been recently reviewed
by Cruickshank.54 Furthermore, although intravenous atenolol has been shown to reduce the risk for
cardiac rupture in the acute phase of a myocardial
infarction,55 effects on ventricular fibrillation, asystole, and coronary events are less apparent.55-56
Long-term benefits of /3-blockade on sudden death in
post-myocardial infarction patients have only been
demonstrated for the lipophilic drugs timolol, propranolol, and metoprolol.16-20
In conclusion, the present study has shown that it
may be preferable to initiate treatment with a
/5-blocker rather than a thiazide diuretic in the
group of patients studied (i.e., middle-aged, moderately hypertensive men who are at increased
absolute risk for coronary events). Because no
placebo data are available in the present study, the
relative risk can only be judged relative to thiazide
diuretics. The relative benefits have been attributed
to /3,-blockade, and evidence has been presented to
suggest that the lipophilic /3-blockers are best documented. Among these the choice of a ^,-selective
/3-blocker is suggested since this may be an advantage for the risk reduction in those who smoke,922
and also in reducing the risk of suffering adverse
events.57-58 The relevance of these observations to
women, older patients, and other ethnic groups is a
matter for speculation. There is no reason to believe, however, that the difference in risk between
^-blockade and thiazide diuretics would be less in
these other patient groups if they are at increased
absolute risk for coronary events. However, available data do not indicate that relative risk would be
lower in patients with a low absolute risk for
coronary events such as middle-aged white women
with uncomplicated hypertension.

MAPHY Study Group

Independent Data Audit Committee: Aram Chobanian, MD, Cardiovascular Institute, Boston University School of Medicine, Boston, Massachusetts and
Goran Berglund, MD, PhD, Department of Internal
Medicine, Malmo Hospital, Lund University, Malmo,
Sweden.
Independent End Point Committee: Cause-specific
mortality: Robert Bergstrand, MD, PhD, and Lars
Wilhelmsen, MD, PhD, Department of Internal
Medicine, Eastern Hospital, Gothenburg University,
Gothenburg, Sweden. Nonfatal end points: John
Kjekshus, MD, PhD, Department of Internal Medicine, Baerum Hospital, Oslo University, Oslo, Norway and Lars Ryd6n, MD, PhD, Department of
Cardiology, Karolinska Hospital, Karolinska Institute, Stockholm, Sweden.
Statistical Consultant: Anders Od6n, PhD, Department of Mathematics, Gothenburg University, Gothenburg, Sweden.
Data System Manager: Johnny Lindqvist, Computing
Center, Gothenburg University, Gothenburg, Sweden.
References
1. MacMahon S, Cutler JA, Furberg D, Payne GH: The effects of
drug treatment for hypertension on morbidity and mortality
from cardiovascular disease: A review of randomized controlled trials. Prog Cardiovasc Dis 1986;29(suppl 1):99-118
2. Kannel WB: An overview of the risk factors for cardiovascular
disease, in Genest J, Koiw E, Kuchel O (eds): Hypertension:
Physiopathology and Treatment. New York, McGraw-Hill Book
Co, 1977
3. Kannel WB, Dannenberg AL, Abbot RD: Unrecognized myocardial infarction and hypertension: The Framingham study.
Am Heart J 1985;109:581-585
4. Wikstrand J: Initial therapy for mild hypertension. Pharmacotherapy 1986;6:64-72
5. Medical Research Council Working Party: MRC trial of
treatment of mild hypertension: Principal results. Br Med J
1985;291:97-104
6. The IPPPSH Collaborative Group: Cardiovascular risk and
risk factors in a randomized trial of treatment based on the
beta-blocker oxprenolol: The International Prospective Primary Prevention Study in Hypertension (IPPPSH). J Hypertens
1985;3:379-392
7. Wilhelmsen L, Berglund G, Elmfeldt D, Fitzsimons T, Holzgreve H, Hosic J, Hdrnkvist P-E, Pennert K, Tuomilehto J,
Wedel H: Beta-blockers versus diuretics in hypertensive men:
Main results from the HAPPHY trial. / Hypertens 1987^5:
561-572
8. MAPHY and the two arms of HAPPHY (Letters to the
Editor). JAMA 1989;262:3272-3274
9. Wikstrand J, Warnold I, Olsson G, Tuomilehto J, Elmfeldt D,
Berglund G, on behalf of the Advisory Committee: Primary
prevention with metoprolol in patients with hypertension:
Mortality results from the MAPHY Study. JAMA 1988;259:
1976-1982
10. Primary prevention with metoprolol in patients with hypertension (Utters to the Editor). JAMA 1988;260:1713-1716
11. Kaplan NM: Critical comments on recent literature:
SCRAAPHY about MAPHY from HAPPHY. Am J Hypertens 1988;l:428-430
12. Moser M, Sheps S: Confusing messages from the newest of the
£-blocker/diuretic hypertension trials: The Metoprolol Atherosclerosis Prevention in Hypertensives Trial. Arch Intern Med
1989;149:2174-2175
13. Wilhelmsen L, Berglund G, Elmdfeldt D, Wedel H: 0-Blockers versus saluretics in hypertension: Comparison of total

Wikstrand et al

14.

15.

16.
17.
18.

19.

20.

21.

Downloaded from http://ahajournals.org by on August 19, 2019

22.

23.

24.

25.
26.
27.

28.
29.
30.

31.

mortality, myocardial infarction, and sudden death. Study
design and early results on blood pressure reduction. Prev Med
1981;10:38-49
Veterans Administration Cooperative Study Group on Antihypertensive Agents: Effect of treatment on morbidity in
hypertension: II. Results in patients with diastolic blood
pressure averaging 90 through 114 mm Hg. JAMA 1970;213:
1143-1152
Hypertension Detection and Follow-up Program Cooperative
Group: Five-Year Findings of the Hypertension Detection and
Follow-up Program: II. Mortality by Race-Sex and Age. JAMA
1979;242:2572-2577
Norwegian Study Group: Timolol-induced reduction in mortality and reinfarction in patients surviving acute myocardial
infarction. N Engl J Med 1981^04:801-807
Beta Blocker Heart Attack Trial Research Group: A randomized trial of propranolol in patients with acute myocardial
infarction: I. Mortality results. JAMA 1982;247:1707-1713
Hjalmarson A, Herlitz J, Holmberg S, Ryden L, Swedberg K,
Vedin A, Waagstein F, Waldenstrdm J, Wedel H, Wilhelmsen
L, Wilhelmsson C: The G5teborg metoprolol trial: Effects on
mortality and morbidity in acute myocardial infarction. Circulation 1983;67:126-132
Olsson G, Rehnqvist N, SjSgren A, Erhart L, Lundman T:
Longterm treatment with metoprolol after myocardial infarction: Report on three year mortality and morbidity. J Am Coll
Cardiol 1985;5:1428-1437
Olsson G, Rehnqvist N: Reduction of non-fatal reinfarctions
in patients with a history of hypertension by chronic postinfarction treatment with metoprolol. Acta Med Scand 1986;220:
33-38
Wikstrand J: Betablockers and cardioprotection: Is there any
good news from the recent trials? J Clin Pharmacol Ther
1987;12:347-350
Tuomilehto J, Wikstrand J, Olsson G, Elmfeldt D, Warnold I,
Barber H, Eliasson K, Jastrup B, Karatzas N, Leer J, Marchetta F, Ragnarsson J, Robitaille N-M, Valkova L, Wesseling
H, Berglund G: Decreased coronary heart disease in hypertensive smokers: Mortality results from the MAPHY Study.
Hypertension 1989;13:773-780
Olsson G, Tuomilehto J, Berglund G, Elmfeldt D, Warnold I,
Barber H, Eliasson K, Jastrup B, Karatzas N, Leer J, Marchetta F, Ragnarsson J, Robitaille N-M, Valkova L, Wesseling
H, Wikstrand J: Primary prevention of sudden cardiovascular
death in hypertensive patients: Mortality results from the
MAPHY study. Am J Hypertens 1991;4:151-158
Rose GA, Blackburn H: Classification of the electrocardiogram for population studies, in Cardiovascular Survey Methods.
World Health Organization Monograph Series No 56, Geneva,
1968, pp 137-154
SAS User's Guide. Cary, NC, SAS Institute Inc, 1983
Friedman L, Furberg C, DeMets D: Fundamentals of Clinical
Trials. Littleton, Mass, John Wright-PSG Inc, 1983, pp
174-194
Ryd£n L, Ariniego R, Amman K, Herlitz J, Hjalmarson A,
Holmberg S, Reyes C, Smedgard P, Svedberg K, Vedin A,
Waagstein F, Waldenstr6m A, Wilhelmsson C, Wedel H,
Yamamoto M: A double-blind trial of metoprolol in acute
myocardial infarction: Effects on ventricular tachyarrhythmias.
N Engl J Med 1983;3O8:614-618
Chobanian AV: The influence of hypertension and other
hemodynamic factors in atherogenesis. Prog Cardiovasc Dis
1983;26:177-196
Spence JD: Hemodynamic effects of antihypertensive drugs:
Possible implications for the prevention of atherosclerosis.
Hypertension 1984;6:163-168
Norris RM, Brown MA, Clarke ED, Barnaby PF, Geary GG,
Logan RL, Sharpe DN: Prevention of ventricular fibrillation
during acute myocardial infarction by intravenous propranolol. Lancet 1984;2:883-886
Chobanian AV, Brecher P, Chan C: Effects of propranolol on
atherogenesis in the cholesterol-fed rabbit. Ore Res 1985;56:
755-762

Primary Prevention of Coronary Heart Disease

587

32. Kaplan JR, Manuck SB, Adams MR, Clarkson TB: The effects
of beta-adrenergic blocking agents on atherosclerosis and its
complications. Eur Heart J 1987;8:928-944
33. Ablad B, Abrahmsson T, Adler G, Bjdrkman JA, Bjuro T, Ek
L, Ervik M, Sjoquist P-O, Sutherland I, Svensson L: Cardiac
antiischemic effect of metoprolol: Role of ^-blockade within
the ischemic region. / Cardiovasc Pharmacol 1987;10(suppl
2):S117-S125
34. Imperi GA, Lambert CR, Coy K, Lopez L, Pepine CJ: Effects
of titrated beta blockade (metoprolol) on silent myocardial
ischemia in ambulatory patients with coronary artery disease.
Am J Cardiol 1987;6O:519-524
35. Ostlund-Lindqvist A-M, Lindqvist P, Brautigam J, Olsson G,
Bondjers G, Nordborg C: Effect of metoprolol on diet-induced
atherosclerosis in rabbits. Arteriosclerosis 1988;8:40-45
36. Ablad B, Bjorkman JA, Gustafsson D, Hansson G, OstlundLindqvist A-M, Pettersson K: The role of sympathetic activity
in atherogenesis: Effects of beta-blockade. Am Heart J 1988;
116(suppl):322-327
37. Berglund U, Wallentin L, von Schenck H: Platelet function
and plasma fibrinogen and their relations to gender, smoking
habits, obesity and beta-blocker treatment in young survivors
of myocardial infarction. Thromb Haemostas 1988;60:21-24
38. Pettersson K, Ablad B: Metoprolol inhibits platelet deposition
at arterial bifurcations in rabbits with sympathetic activation
(abstract). FASEB 1988;2:A1580
39. Beckmann ML, Gerber JG, Byyny RL, LoVerde M, Nies AS:
Propranolol increases prostacyclin synthesis in patients with
essential hypertension. Hypertension 1988;12:582-588
40. Hartford M, Wendelhag I, Berglund G, Wallentin I, Ljungman
S, Wikstrand J: Cardiovascular and renal effects of long-term
antihypertensive treatment. JAMA 1988;259:2553-2557
41. Strawn WB, Clarkson TB, Kaplan JR, Bondjers G, Shively
CA, Ablad B: Inhibition by beta-adrenergic blockade of
psychosocially-induced endothelial injury in the coronary
arteries of monkeys. Ore Res (in press)
42. Teger-Nilsson AC, Dahlof C, Haglund E, Hedman C, Olsson
G, Ablad B: Influence of metoprolol CR/ZOK on plasminogen
activator inhibitor (PAI-1) in man: A pilot study. J Clin
Pharmacol 1990;30(suppl):S132-S137
43. Thubrikar MJ, Christie AM, Cao-Danh HC, Holloway PW,
Nolan SP: Metoprolol reduces low density lipoprotein uptake
in aortic regions prone to atherosclerosis (abstract). FASEB J
1990;4:A1151
44. Linddn T, Camejo G, Wiklund O, Warnold I, Olofsson S-O,
Bondjers G: Effect of short term beta-blockade on serum
lipid levels and on the interaction of LDL with human
arterial proteoglycans. / Clin Pharmacol 1990;30(suppl):
S124-S131
45. Ablad B, Bjuro T, Bjorkman J-A, Edstrom T, Olsson G: Role
of central nervous beta-adrenoceptors in the prevention of
ventricular fibrillation through augmentation of cardiac vagal
tone (abstract). J Am Coll Cardiol 1991;17:165A
46. Pettersson K, Bejne B, Bjork H, Strawn WB, Bondjers G:
Experimental sympathetic activation causes endothelial injury
in the rabbit thoracic aorta via 01-adrenoceptor activation.
Ore Res (in press)
47. Bondjers G, Hansson G, Olsson G, Pettersson K: Tobacco
smoking and atherosclerosis: Pathogenesis and cellular mechanisms. Adv Exp Med Biol 199O;273:51-59
48. Multiple Risk Factor Intervention Trial Research Group: Risk
factor changes and mortality results. JAMA 1982;248:
1465-1477
49. Tuomilehto J, Puska P, Korhonen, Mustaniemi H, Vartainen
E, Nissinen A, Kuulasmaa K, Niemensivu H, Salonen JT:
Trends and determinants of ischaemic heart disease mortality in Finland: With special reference to a possible levelling
off in the early 1980s. Int J Epidemiol 1989;18(suppl
l):S109-S117
50. Fletcher AE, Beevers DG, Bulpitt CJ, Butler A, Coles EC,
Hunt D, Munro-Faure AD, Newson RB, O'Riordan PW,
Petrie JC, Rajagopalan B, Rylance PB, Struthers A, Twallin
G, Webster J, Dollery CT: Beta-adrenoceptor blockade is
associated with increased survival in male but not female

588

51.

52.

53.
54.
55.

Hypertension

Vol 17, No 4 April 1991

hypertensive patients: A report from the DHSS Hypertensive
Care Computing Project (DHCCP). J Hum Hypertens 1988;2:
219-227
Psaty BM, Koepsell TO, LoGerfo JP, Wagner EH, Inui TS:
Beta-blockers and primary prevention of coronary heart disease in patients with high blood pressure. JAMA 1989;261:
2187-2094
Medical Research Council Working Party on Mild Hypertension: Coronary heart disease in the Medical Research Council
trial of treatment of mild hypertension. Br Heart J 1988;59:
364-378
Harrison DC: Beneficial effects of beta blockers: A class action
or individual pharmacologic spectrum? Circulation 1983;
67(suppl I):I-77-I-82
Cruickshank JM, Smith JC: The beta-receptor, atheroma and
cardiovascular damage. Pharmac Ther 1989;42:385-404
ISIS-1 (First International Study of Infarct Survival) Collaborative Group: Mechanisms for the early mortality reduction

produced by beta-blockade started early in acute myocardial
infarction: ISIS-1. Lancet 1988;l:921-923
56. Wilcox RG, Roland JM, Banks DC, Hampton JR, Mitchell
JRA: Randomised trial comparing propranolol with atenolol
in immediate treatment of suspected myocardial infarction. Br
MeJ7 1980;i:885-888
57. Kendall MJ: Are selective beta-adrenoceptor blocking drugs
an advantage? / R Coll Phys Lond 1981;15:33-40
58. DimenSs E, Kerr D, Macdonald IA: Beta-adrenoceptor blockade and CNS-related subjective symptoms: A randomized,
double-blind, placebo-controlled comparison of metoprolol
CR/ZOK, atenolol and propranolol LA in healthy subjects. /
Clin Pharmacol 1990;30(suppl):S103-S107

KEY WORDS • clinical trials • antihypertensive therapy
metoprolol • diuretics • coronary events

Downloaded from http://ahajournals.org by on August 19, 2019

ARTICLES

Effect of metoprolol CR/XL in chronic heart failure: Metoprolol
CR/XL Randomised Intervention Trial in Congestive Heart Failure
(MERIT-HF)
MERIT-HF Study Group*

Summary
Background Metoprolol can improve haemodynamics in
chronic heart failure, but survival benefit has not been
proven. We investigated whether metoprolol controlled
release/extended release (CR/XL) once daily, in addition to
standard therapy, would lower mortality in patients with
decreased ejection fraction and symptoms of heart failure.
Methods We enrolled 3991 patients with chronic heart
failure in New York Heart Association (NYHA) functional class
II–IV and with ejection fraction of 0·40 or less, stabilised with
optimum standard therapy, in a double-blind randomised
controlled study. Randomisation was preceded by a 2-week
single-blind placebo run-in period. 1990 patients were
randomly assigned metoprolol CR/XL 12·5 mg (NYHA III–IV)
or 25·0 mg once daily (NYHA II) and 2001 were assigned
placebo. The target dose was 200 mg once daily and doses
were up-titrated over 8 weeks. Our primary endpoint was allcause mortality, analysed by intention to treat.
Findings The study was stopped early on the
recommendation of the independent safety committee. Mean
follow-up time was 1 year. All-cause mortality was lower in
the metoprolol CR/XL group than in the placebo group (145
[7·2%, per patient-year of follow-up]) vs 217 deaths [11·0 %],
relative risk 0·66 [95% CI 0·53–0·81]; p=0·00009 or
adjusted for interim analyses p=0·0062). There were fewer
sudden deaths in the metoprolol CR/XL group than in the
placebo group (79 vs 132, 0·59 [0·45–0·78]; p=0·0002) and
deaths from worsening heart failure (30 vs 58, 0·51
[0·33–0·79]; p=0·0023).
Interpretation Metoprolol CR/XL once daily in addition to
optimum standard therapy improved survival. The drug was
well tolerated.
Lancet 1999; 353: 2001–07
See Commentary page 1988

Introduction
Chronic heart failure is a major disorder that is becoming
increasingly prevalent as the proportion of elderly in the
population increases. 1 Although inhibitors of angiotensinconverting enzyme (ACE) have improved the treatment of
heart failure, mortality related to this disorder remains
unacceptably high.2–4 Prevalence remains high partly
because current standard therapy does not prevent
sudden cardiac death, which constitutes a high proportion
of all deaths in patients with chronic heart failure.2–4
Results from studies started more than 25 years ago in
Sweden suggested that long-term therapy with ␤-blockers,
including metoprolol, could improve haemodynamics and
increase survival in patients with heart failure secondary to
idiopathic dilated cardiomyopathy.5,6 Subsequent studies,
including other ␤-blockers such as propranolol, timolol,
bisoprolol, and carvedilol, corroborated and extended
these early observations also in patients with ischaemic
heart disease.7–12 When the current study was planned
there was no previously published study with power to
prove survival benefit.
Metoprolol is a lipophilic ␤1-selective antagonist with
no intrinsic sympathomimetic activity. In patients with
chronic heart failure, metoprolol improves cardiac
function, left-ventricular remodelling, and capacity for
physical exercise, and lessens the symptoms of heart
failure.9,13 As with all ␤-blockers, patients can experience
an initial negative inotropic effect that necessitates a low
starting dose and an up-titration schedule.1
We did a large-scale randomised placebo-controlled
trial to investigate whether metoprolol controlled
release/extended release (CR/XL) once daily added to
optimum standard therapy lowers mortality in patients
with decreased ejection fraction and symptoms of heart
failure.

Patients and methods
We did the study at 313 investigational sites in 13 European
countries and in the USA, according to a previously published
description of the study design.14 The study was approved by
local ethics committees. All patients gave written informed
consent.

Patients

*Investigators and committee members listed at end of paper
Correspondence to: Dr Björn Fagerberg, Wallenberg Laboratory for
Cardiovascular Research, Göteborg University, Sahlgrenska
University Hospital, SE 413 45 Göteborg, Sweden
(e-mail: bjorn.fagerberg@mailer.mednet.gu.se)
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Between Feb 14, 1997, and April 14, 1998, we enrolled 3991
patients. Eligible patients were men and women, aged 40–80
years, who had had symptomatic heart failure (New York Heart
Association [NYHA] functional class II–IV) for 3 months or
more before randomisation and who were receiving optimum
standard therapy at enrolment (2 weeks before randomisation),
defined as any combination of diuretics and an ACE inhibitor. If
an ACE inhibitor was not tolerated, hydralazine, long-acting
nitrate, or an angiotensin-II-receptor antagonist could be used.
Digitalis could also be prescribed. Other inclusion criteria were a
stable clinical condition during the 2-week run-in phase between
enrolment and randomisation, and a left-ventricular ejection
fraction of 0·40 or lower within 3 months before enrolment.

2001
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Characteristics
Demography
Male/female
Age (years)
<60
60–69
⭓70
Mean (SD)
Ethnic origin
White
Black
Other
Current daily smoker
Clinical
Heart failure
Ischaemic
Non-ischaemic
NYHA class
II
III
IV
Previous myocardial infarction
Time since last myocardial infarction (years)*
<1
1–5
⭓5
Atrial fibrillation
Hypertension
Diabetes mellitus
Mean (SD) measurements
Ejection fraction
Heart rate (bpm)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Weight (kg)
Drug therapy
Diuretics
ACE inhibitor
Angiotensin II blocker
ACE inhibitor or angiotensin II blocker
Digitalis
Aspirin
Lipid-lowering agents

Metoprolol CR/XL group (n=1990)
1539 (77%)/451 (23%)
656 (33%)
706 (35%)
628 (32%)
63·9 (9·6)

Placebo group (n=2001)
1554 (78%)/447 (22%)
682 (34%)
702 (35%)
617 (31%)
63·7 (9·7)

1870 (94%)
107 (5%)
13 (1%)
281 (14%)

1886 (94%)
101 (5%)
14 (1%)
297 (15%)

1294 (65%)
696 (35%)

1312 (66%)
689 (34%)

811 (41%)
1110 (56%)
69 (3·4%)
950 (48%)

825 (41%)
1100 (55%)
76 (3·8%)
974 (49%)

151 (8%)
341 (17%)
457 (23%)
324 (16%)
871 (44%)
495 (25%)

139 (7%)
366 (18%)
469 (23%)
341 (17%)
876 (44%)
489 (24%)

0·28 (0·07)
82·4 (10·1)
130·0 (17·0)
78·4 (9·2)
80·5 (16·3)

0·28 (0·07)
82·7 (10·3)
129·5 (17·3)
78·1 (9·1)
80·7 (15·9)

1804 (91%)
1773 (89%)
133 (7%)
1897 (95%)
1258 (63%)
908 (46%)
507 (25%)

1801 (90%)
1798 (90%)
129 (6%)
1922 (96%)
1281 (64%)
920 (46%)
541 (27%)

*Time since last myocardial infarction missing in one patient.

Baseline characteristics of patients
Patients with ejection fractions between 0·36 and 0·40 were
included only if their maximum walking distance was 450 m
or less in a 6 min walk test. Supine resting heart rate had to be
68 beats per min or more at enrolment.
The exclusion criteria were: acute myocardial infarction or
unstable angina within 28 days before randomisation; indication
or contraindication for treatment with ␤-blockade or drugs with
β-blocking properties such as amiodarone; ␤-blockade within 6
weeks before enrolment; heart failure secondary to systemic
disease or alcohol abuse; scheduled or performed heart
transplantation or cardiomyoplasty, or implanted cardioversion
defibrillator (expected or performed), or procedures such as
coronary-artery bypass grafting or percutaneous transluminal
coronary angioplasty planned or performed in the past 4 months;
atrioventricular block of the second and third degree, unless the
patient had an implanted pacemaker and a spontaneous heart
rate of 68 beats per min or more; unstable decompensated heart
failure (pulmonary oedema, hypoperfusion) or supine systolic
blood pressure lower than 100 mm Hg at enrolment; any other
serious disease that might complicate management and follow-up
according to the protocol; use of calcium antagonists such as
diltiazem or verapamil; use of amiodarone within 6 months
before enrolment; or poor compliance, defined as more than a
25% deviation of the number of observed compared with number
of expected consumed placebo tablets during the run-in period.

Methods
The study was preceded by a single-blind, 2-week placebo run-in
period. We did randomisation according to an optimum
assignment procedure, which balanced the metoprolol CR/XL
and placebo groups for ten factors: investigational site, age, sex,
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ethnic origin, cause of heart failure, previous acute myocardial
infarction, and, in patients with previous myocardial infarction,
time since last myocardial infarction, diabetes mellitus, ejection
fraction, and NYHA functional class. An interactive voice
recording system was used to provide the investigators with the
computer-generated study-medication number, based on the
optimum assignment procedure (minimisation method).
At the randomisation visit, patients were assigned treatment
with metoprolol CR/XL (n=1990) or placebo (n=2001). The
starting dose was 12·5 mg or 25 mg once daily (half a 25 mg
tablet was recommended for patients who were in NYHA
III–IV). After 2 weeks we increased the dose to the recommended
50 mg once daily for 2 weeks, then 100 mg once daily for 2
weeks, and finally up to the target dose of 200 mg once daily.
Dose regimen could be modified according to the judgement of
the investigator. If a patient did not tolerate increases in dose,
temporary decrease in study drug or increase in diuretic dose was
recommended. We asked patients to attend follow-up visits every
3 months. We defined tolerability as permanent early
discontinuation of treatment.
An independent endpoint committee, whose members were
unaware of treatment status, classified all deaths according to
prespecified definitions from medical records and other
documents. Each event was classified by two members and
agreement between the two constituted a final classification. The
predefined endpoints were: vital status, which was verified with
the patient, a close relative, or through valid documentation;
cardiovascular death, which included deaths for which a
non-cardiovascular cause had not been identified; death from
heart failure, which was any of cardiogenic shock, pulmonary
oedema, heart-failure symptoms or signs requiring intravenous
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heart disease), or on the results of coronary angiography or other
relevant method indicating coronary heart disease. All cases not
classified as ischaemic disease were classified as non-ischaemic
heart disease. Hypertension was defined as pharmacologically
treated high blood pressure, and diabetes mellitus as a clinical
diagnosis made by the investigator. More than 180 deaths in any
such subgroup would yield a power of at least 70% to detect a
30% increase in risk. Data on complementary subgroups with
fewer than 180 deaths are also depicted.

Results

Figure 1: Trial profile
therapy or oxygen, confinement to bed because of heart-failure
symptoms, or sudden death during hospital stay for aggravated
heart failure; and sudden death, which was any of witnessed
instantaneous death in the absence of progressive circulatory
failure lasting for 60 min or more, unwitnessed death in the
absence of pre-existence progressive circulatory failure or other
causes of death, or death within 28 days after resuscitation from
cardiac arrest in the absence of pre-existing circulatory failure or
other causes of death, death during attempted resuscitation, or
death within 60 min from the onset of new symptoms unless a
cause other than cardiac was obvious.15

Statistical analysis
The power calculation showed that the mean follow-up time had
to be 2·4 years if 1600 patients were randomised to each
treatment group during 14 months. This calculation was based
on a significance level of ␣=0·04 for all-cause mortality (twosided, intention to treat, ␣=0·01 was used for the second primary
endpoint) and a power of at least 80% (␤⭐0·20) and the
following assumptions: 9·4% mean annual mortality in the
placebo group, a mean risk-reducing effect of 30% on metoprolol
CR/XL, a withdrawal rate of 20% in the first year, and 5%
annually thereafter.14 Since patients were recruited faster than
planned, 3991 patients were randomised during the recruitment
period, which increased the power of the study.
Safety was monitored by an independent safety committee
during the study. The predefined stopping rule for efficacy was
based on all-cause mortality, analysed by intention to treat, with
predetermined interim analyses, done when 25%, 50%, and 75%
of expected total deaths had occurred. We used an asymmetric
group-sequential procedure.14 The cumulative probability of early
stopping for benefit was 0·0036, and for harm was 0·015, based
on log-rank statistics.
The two primary endpoints were all-cause mortality and allcause mortality in combination with all-cause admission to
hospital (time to first event). The results for the first primary
endpoint, all-cause mortality are presented in this report.
Analysis was by intention to treat. For the main analyses we used
the log-rank test to compare the two groups, and Cox’s
proportional hazards model to calculate relative risks and
95% CI. We calculated a second p value for total mortality
adjusted for the two predefined interim analyses, which were
done by the independent safety committee before the end of
the study.
We used Cox’s proportional hazards regression analyses of
total mortality to explore any unfavourable outcome in
prespecified risk groups, defined by entry characteristics. For
ejection fraction, systolic and diastolic blood pressure, and heart
rate, these risk groups were defined by the lowest tertile, for age
by the upper tertile. NYHA class, cause of heart failure, smoking
status, sex, previous myocardial infarction, diabetes mellitus, and
hypertension were also prespecified for these analyses. The two
major causes of heart disease were ischaemic and non-ischaemic
heart disease. The former was based on a history of myocardial
infarction or angina pectoris (judged to be secondary to coronary
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The international steering committee stopped the study on
Oct 31, 1998, on the recommendation of the independent
safety committee. The second preplanned interim analysis
(50%) showed that the predefined criterion for ending the
study had been met and exceeded (Z=3·807 vs a boundary
value of 2·98). 3980 patient-years were accumulated and
the mean follow-up time was 1 year.
The two study groups were similar for baseline
characteristics and concomitant therapies at entry (table).
No patient was lost to follow-up (figure 1).
Mortality data are shown in figures 2–4. 145 patients in
the metoprolol CR/XL group and 217 in the placebo
group died (p=0·00009, p=0·0062 after adjustment for
the first and second interim analyses, figure 2). The
mortality rates were 7·2% and 11·0% per patient-year of
follow-up, respectively, with a relative risk of 0·66 (95%
CI 0·53–0·81). There were 128 cardiovascular deaths in
the metoprolol CR/XL group and 203 in the placebo
group (0·62 [0·50–0·78], p=0·00003). There were fewer
sudden deaths in the metoprolol CR/XL group than in the
placebo group (79 vs 132, 0·59 [0·45–0·78], p=0·0002).
Death from aggravated heart failure occurred in 30
patients in the actively treated group and in 58 patients in
the placebo group, with a relative risk of 0·51 (0·33–0·79,
p=0·0023, figure 3). No significant increase in risk was
seen in any of the predefined subgroups, analysed for
safety (figure 5).
In a post-hoc analysis, we analysed total mortality and
mode of death in relation to NYHA functional class at
randomisation. In NYHA class II, 44 deaths occurred in
the metoprolol CR/XL group and 59 deaths in the
placebo group (5·3 vs 7·1% per patient-year of follow-up).
Corresponding figures in NYHA III were 90 and 142

Figure 2: Kaplan-Meier curves of cumulative percentage of
total mortality
p value adjusted for two interim analyses.
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deaths (8·1 vs 13·2%) and in NYHA IV 11 and 16 deaths
(16·7 vs 24·9%, figure 6). The proportion of sudden
deaths generally decreased with increasing severity of
heart failure according to NYHA functional class.
Conversely, the proportion of patients who died from
worsening heart failure increased with increasing severity
of heart failure (figure 6).
Study drug was permanently stopped early in 13·9% of
the metoprolol CR/XL group and in 15·3% of the placebo
group (0·90 [0·77–1·06]). The mean daily dose of study
drug at the end of the study in the metoprolol CR/XL
group was 159 mg once daily, with 87% patients receiving
100 mg or more, and 64% receiving the target dose of
200 mg once daily. In the placebo group the corresponding
values were 179 mg, 91% and 82%, respectively.
6 months after randomisation, heart rate had decreased
from baseline by 14 beats per min in the metoprolol
CR/XL group and by 3 beats per min in the placebo
group (p<0·0001). Systolic blood pressure decreased less
in the metoprolol CR/XL group than in the placebo group
(⫺2·1 vs 3·5 mm Hg, p=0·013). There was no difference
between groups in the change of diastolic blood pressure
(⫺2·6 vs 2·3 mm Hg, p=0·38).

Discussion

Figure 3: Kaplan-Meier curves of cumulative percentage of
cardiovascular deaths, sudden deaths, and deaths from
worsening heart failure
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Once-daily metoprolol CR/XL added to optimum
standard treatment with primarily ACE inhibitors and
diuretics lessened all-cause mortality by 34% in clinically
stable patients with symptomatic chronic heart failure and
lowered ejection fraction in NYHA functional classes
II–IV. Therefore, treatment of 27 patients with
metoprolol CR/XL for 1 year can prevent one death.
Meta-analyses of previous smaller randomised placebocontrolled studies in heart failure patients, in which
primary endpoints were not mortality, have shown that
␤-blockade may decrease total mortality by 30–35%.16–18
Only two studies have assessed the effect of ␤-blockade
on survival as the predefined endpoint in heart failure—
the MERIT-HF study and the Cardiac Insufficiency
Bisoprolol Study II (CIBIS II).19 The two ␤-blockers
sudied are lipophilic and highly ␤1-selective, and the
results of the two studies are in close agreement with a few
exceptions. The CIBIS II study randomised patients in
NYHA functional class III–IV with ejection fraction at or
less than 0·35, whereas the MERIT-HF study included
patients in class II and allowed an ejection fraction up to
0·40. In the two studies there were similar survival
benefits in patients who were in NYHA classes III and IV:
the decrease in mortality was 38% in MERIT-HF (95%
CI 0·48–0·79) and 34% in CIBIS II (0·54–0·81).
Decreases in sudden death were also similar in the two
studies—41% in MERIT-HF and 44% in CIBIS II.
Death from worsening heart failure was lowered by 49%
(0·33–0·79) in our study compared with 26% (0·48–1·14)
in CIBIS II. Although the outcome was not significant in
CIBIS II, the two studies taken together show that ␤1blockade also has a clinically important effect on this
mode of death.
During the past decade the combination of ACE
inhibitors and diuretics has become the cornerstone in the
treatment of patients with chronic heart failure due to leftventricular systolic dysfunction. However, mortality
remains high, which may have several explanations. Thus,
there is no consistent impact of ACE-inhibitor treatment
on sudden death in patients with chronic heart failure.2–4
Furthermore, there seems to be little or no survival benefit
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Figure 4: Relative risk (95% CI) for total mortality, cardiovascular mortality, sudden death, and death from worsening heart failure

of ACE-inhibitor treatment in patients with chronic heart
failure who have ejection fractions higher than 0·30.3,4 The
MERIT-HF results show that metoprolol CR/XL added
to ACE-inhibitor treatment lowered the risk of sudden
death and death from aggravated heart failure, and was
equally effective across different subgroups of ejection
fraction.
A better knowledge of the mechanisms of death in heart
failure is of clinical importance. Accurate knowledge of
how patients die could strongly influence treatment
strategies, such as prevention of sudden death, that may
require different therapy than that used to improve only
pump function. Well-defined classifications are needed to
clarify how patients who have chronic heart failure are
dying. However, an overview has shown that there is
heterogeneity between studies in the classifications of
death in patients with chronic heart failure.15 We applied
proposed definitions of sudden death and death from
worsening heart failure, together with a classification
procedure based on access to detailed information on
each death by endpoint committee members who were
masked to treatment status.15

As previously reported, we found that sudden death was
more common among patients with a less severe degree of
chronic heart failure (NYHA class II), whereas death from
worsening heart failure increased with increasing severity
of heart failure.20 Sudden death occurred in nearly 60%
of patients who died. This high proportion is explained
by the fact that although we randomised patients in
NYHA functional class II–IV with an ejection fraction
of 0·40 or lower, most patients (96%) had mild
to moderate chronic heart failure (NYHA class II–III).
These patients are more likely to die suddenly than
from progressive heart failure than those with severe heart
failure. Although our study was not powered for a
separate analysis of mortality in patients with mild
heart failure, the data are in accordance with a survival
benefit also in this subgroup. Such benefit is important
because patients with NYHA class II constitute a large
proportion of heart-failure patients in clinical practice.
We included few patients in NYHA functional class IV.
The efficacy and safety of ␤-blocker treatment in patients
with severe chronic heart failure therefore remains to
be assessed.
In patients with chronic heart failure, sudden death may
have cardiac and non-cardiac causes.19,20 The evidence
suggests that a substantial proportion of sudden deaths
are due to ventricular fibrillation.20 Metoprolol has a
protective effect on sudden death after acute myocardial
infarction21 and data suggests a similar effect on sudden
death in hypertensive patients.22 This information in
combination with the decreased incidence of sudden
death in our study suggest an antifibrillatory effect of
metoprolol.23,24 The mechanisms underlying sudden death
in patients with chronic heart failure may, however, not
be identical with those operating in ischaemic
conditions. This study was not designed to assesss these
mechanisms further.
About a quarter of our patients died from worsening
heart failure and metoprolol CR/XL lowered the risk of
this cause of death significantly. This effect was caused by

Figure 5: Relative risk (95% CI) for total mortality in predefined
subgroups defined according to characteristics at baseline
Subgroups with ⭓180 deaths have filled symbols, <180 deaths unfilled
symbols, indicating low power. Diastolic blood pressure at baseline not
available in one patient who died later. EF=ejection fraction;
MI=myocardial infarction; HR=heart rate; BP=blood pressure.
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Figure 6: Severity of heart failure and mode of death
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␤1-receptor blockade, and involved mechanisms may be
related to autonomic activity, receptor kinetics,
myocardial
energy
balance,
electrophysiology,
neuroendocrine
deactivation,
and
ventricular
remodelling.16 Interestingly, we found that systolic blood
pressure was decreased less by metoprolol CR/XL than by
placebo, which supports previous reports, and which
shows improved left-ventricular geometry and function.9,13
Our study was not designed or powered for a separate
analysis
of
patients
with
idiopathic
dilated
cardiomyopathy, and did not include patients younger
than 40 years. However, for this category of patients some
evidence is provided by the Metoprolol in Dilated
Cardiomyopathy (MDC) trial.9,25 The results of that study
showed a 34% (–6 to 62) decrease in the combined
endpoint of death or need for heart transplantation.
In our study, we used once-daily metoprolol CR/XL. In
comparison to conventional immediate-release metoprolol
tartrate tablets, this preparation leads to a more
pronounced and even ␤-blockade over 24 h.26
Furthermore the target dose can be increased from 50 mg
three times daily to 200 mg once daily in patients with
heart failure without increasing the peak plasma
concentration of the drug. 27 In the MDC study, the target
dose was 50 mg three times daily. The mean daily dose in
that study was 108 mg, which should be compared with
159 mg in this study. The better ␤-blockade may be
important in protecting the heart from the surges in
sympathetic nervous activity and vagal withdrawal, which
may trigger ventricular fibrillation and sudden death.23 A
more pronounced and even ␤-blockade may also be of
importance for the long-term myocardial performance of
the failing heart.
The value of ␤-blockade has to be further studied in
patients with NYHA class IV, in elderly patients with
symptoms of heart failure and normal ejection fraction,
and in those with left-ventricular dysfunction and heart
failure early after acute myocardial infarction. In the latter
category of patients, some positive evidence is available
from earlier studies.7,8,28,29
Our study showed that treatment with once daily
metoprolol CR/XL added to standard therapy improved
survival and lowered the risk of sudden death and death
from worsening heart failure in patients with mild to
severe chronic heart failure secondary to left-ventricular
systolic dysfunction of ischaemic or non-ischaemic cause.
The patients were in a stable clinical condition during the
2 weeks before randomisation. Metoprolol CR/XL added
to standard therapy with diuretics and ACE inhibitors was
well tolerated. The up-titration schedule of metoprolol
CR/XL, starting with a low dose and gradually increasing
over 2 months, should be feasible for ambulatory heartfailure patients in clinical practice.
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Metoprolol Reverses Left Ventricular Remodeling in
Patients With Asymptomatic Systolic Dysfunction
The REversal of VEntricular Remodeling with Toprol-XL
(REVERT) Trial
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Background—There are no randomized, controlled trial data to support the benefit of ␤-blockers in patients with
asymptomatic left ventricular systolic dysfunction. We investigated whether ␤-blocker therapy ameliorates left
ventricular remodeling in asymptomatic patients with left ventricular systolic dysfunction.
Method and Results—Patients with left ventricular ejection fraction ⬍40%, mild left ventricular dilation, and no symptoms
of heart failure (New York Heart Association class I) were randomly assigned to receive extended-release metoprolol
succinate (Toprol-XL, AstraZeneca) 200 mg or 50 mg or placebo for 12 months. Echocardiographic assessments of left
ventricular end-systolic volume, end-diastolic volume, mass, and ejection fraction were performed at baseline and at 6
and 12 months. The 149 patients randomized to the 3 treatment groups (200 mg, n⫽48; 50 mg, n⫽48; and placebo,
n⫽53) were similar with regard to all baseline characteristics including age (mean, 66 years), gender (74% male),
plasma brain natriuretic peptide (79 pg/mL), left ventricular end-diastolic volume index (110 mL/m2), and left
ventricular ejection fraction (27%). At 12 months in the 200-mg group, there was a 14⫾3 mL/m2 decrease (least square
mean⫾SE) in end-systolic volume index and a 6⫾1% increase in left ventricular ejection fraction (P⬍0.05 versus
baseline and placebo for both). The decrease in end-diastolic volume index (14⫾3) was different from that seen at
baseline (P⬍0.05) but not with placebo. In the 50-mg group, end-systolic and end-diastolic volume indexes decreased
relative to baseline but were not different from what was seen with placebo, whereas ejection fraction increased by
4⫾1% (P⬍0.05 versus baseline and placebo).
Conclusion—␤-Blocker therapy can ameliorate left ventricular remodeling in asymptomatic patients with left ventricular
systolic dysfunction. (Circulation. 2007;116:49-56.)
Key Words: heart failure 䡲 receptors, adrenergic, beta 䡲 remodeling 䡲 ventricles

A

ham Heart Study population, the annual incidence of symptomatic HF was ⬇6%, and the annual mortality rate was
⬇8%.1 Despite the important consequences of asymptomatic
LV systolic dysfunction, very few clinical trials of therapeutic
agents have been conducted in this population.
In patients with symptoms of HF due to systolic LV
dysfunction, extensive clinical trial data have demonstrated
that ␤-blockers improve survival, decrease hospitalizations
related to HF, and alleviate symptoms.3– 6 The improved

symptomatic left ventricular (LV) systolic dysfunction
is common in the general population, with a prevalence
on the order of 3%,1,2 constituting a high percentage of all
patients with LV dysfunction. For example, in the Olmstead
County population, less than half of all patients with an LV
ejection fraction (EF) ⬍40% had been diagnosed with congestive heart failure (HF).2 Although asymptomatic, these
patients are at high risk for developing clinical HF. In
asymptomatic patients with a LVEF ⬍40% in the Framing-
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outcomes are associated with amelioration of LV remodeling
characterized by decreases in end-diastolic and end-systolic
volumes and an increase in EF.7–10 The studies that have
demonstrated these beneficial effects on outcomes and remodeling have been performed almost exclusively in symptomatic patients in New York Heart Association (NYHA)
functional classes II, III, or IV.
Although an exception would be the Australia/New Zealand Carvedilol Trial, in which approximately one third of
subjects were asymptomatic, the survival benefits of carvedilol in that trial were not analyzed with regard to functional
class.11 Likewise, although some patients in the Carvedilol
Prospective Randomized Cumulative Survival (CAPRICORN) trial had asymptomatic LV dysfunction,12 the impact
of therapy was not analyzed with regard to functional class
and would not be directly applicable to patients with chronic
LV dysfunction.
There have been no randomized controlled trials of the
effects of ␤-blockers on clinical outcomes or remodeling in
patients who have chronic LV systolic dysfunction but are
free of symptoms. Theoretically, patients with asymptomatic
LV dysfunction may be less responsive to ␤-blockers because
the degree of sympathetic nervous system activation is
less.13–15 Alternatively, there is reason to believe that
␤-blockers would be effective in such patients because some
studies have shown clinical benefit in patients with mild (eg,
predominantly NYHA class II) symptoms of HF.16
Because of the lack of direct evidence from randomized
controlled trials, the current recommendation for the use of a
␤-blocker in patients with a chronic reduction in LVEF but no
HF symptoms is based only on expert opinion.17 Furthermore,
it is unlikely that a placebo-controlled study can be performed
to test the effects of ␤-blockade on clinical outcomes in this
population.
There is evidence that the outcome benefits of ␤-blockers
in patients with systolic LV dysfunction are related to the
antiremodeling effect, which might therefore be used as a
reasonable surrogate for clinical benefit.18 Accordingly, we
designed a placebo-controlled, randomized trial, REversal of
VEntricular Remodeling with Toprol-XL (REVERT), to test
the hypothesis that ␤-blocker therapy would ameliorate LV
remodeling in asymptomatic (NYHA functional class I)
patients with LV systolic dysfunction.

Methods
Entry Criteria
To be eligible, patients must have had a LVEF ⬍40% and mild LV
dilatation (LV end-diastolic volume index [LVEDVI] ⬎75 mL/m2)
due to idiopathic, ischemic, or hypertensive cardiomyopathy and
must have had no symptoms of HF for at least 2 months. The
determination of LV systolic dysfunction and dilation was based on
a screening echocardiogram that was performed within 14 days of
randomization and interpreted by the core laboratory. Asymptomatic
LV systolic dysfunction was defined as no limitation of ordinary
physical activity because of fatigue or dyspnea (NYHA functional
class I). Patients previously treated for symptomatic HF were
allowed to participate if they met the inclusion and exclusion criteria
for the study. The use of an angiotensin-converting enzyme (ACE)
inhibitor or angiotensin receptor blocker for at least 3 months, as
tolerated, was required before enrollment. Patients must have had no
changes in the doses of their cardiovascular medications, including

ACE inhibitors, angiotensin receptor blockers, diuretics, digoxin,
and/or vasodilators for at least 3 months before randomization.
Patients were excluded if they had indications for or contraindications to ␤-blocker therapy or took ␤-blockers (including ophthalmic preparations) for ⬎1 week during the 6 months preceding
randomization. Also excluded were patients who, during the 6
months before randomization, had myocardial infarction, unstable
angina, coronary intervention, or hospitalization for cardiovascularrelated causes, as well as patients with heart rate ⬍60 bpm, sitting
blood pressure ⬎140/90 mm Hg, heart block greater than first degree
not treated with a permanent pacemaker, history of ventricular or
atrial fibrillation, or serum creatinine ⬎3 mg/dL. The institutional
review boards of the participating institutions approved the protocol,
and all participants provided written informed consent. The study
was conducted in accordance with the Declaration of Helsinki.

Echocardiographic Measurements
Two-dimensional echocardiograms with Doppler were recorded at
screening (baseline) and at 6 and 12 months, with the same scanner
used for each patient. The videotapes were evaluated in a blinded
fashion by the core echocardiography laboratory at the University of
Michigan.
The echocardiograms were analyzed with the use of a dedicated
offline echocardiography analysis system (TomTec Imaging Systems, Munich, Germany). LV end-systolic volume (LVESV),
LVEDV, and LVEF were measured by Simpson’s method in the
apical 4-chamber view, which was used for the main analyses, as
well as the apical 2-chamber view when possible. LV mass was
calculated from the 2-dimensional parasternal long-axis view with
the use of the Penn cubed formula.19 LVESV index (LVESVI),
LVEDVI, and LV mass index (LVMI) were determined by dividing
volume or mass by body surface area.

Treatment Regimen
Patients who met inclusion/exclusion criteria were randomized in a
1:1:1 ratio to a 52-week treatment with metoprolol succinate
extended-release tablets (metoprolol succinate, TOPROL-XL, AstraZeneca, Wilmington, Del) or placebo as follows: (1) metoprolol
succinate 200 mg/d (high-dose group); (2) metoprolol succinate 50
mg/d (low-dose group); or (3) placebo. The study drug was forcetitrated to the assigned dose over the first 2 months on the basis of
tolerability, and the achieved dose was maintained as tolerated until
the end of the study. Drug blinding was achieved with the use of a
double-blind, double-dummy technique. Treatment compliance was
verified by pill count of returned study medication at each visit.

Brain Natriuretic Peptide
In a substudy that enrolled 82 patients, venous blood was collected
at baseline and at 6 and 12 months for determination of plasma brain
natriuretic peptide, which was measured by radioimmunoassay
(Quest Diagnostics, Van Nuys, Calif).

Statistical Analyses
The change in LVESVI from baseline to 12 months was chosen as
the prespecified primary end point because it reflects changes in both
LV size and systolic function and has been shown to be a sensitive
index of LV remodeling.7 The power calculation was based on a SD
for LVESVI at 12 months of 15 mL/m2 and a dropout rate of 20%.
With an ␣ of 0.050 for a 2-sided test, 150 patients would provide
94% power to detect a change of 12 mL/m2 and 84% power to detect
a change of 10 mL/m2. Prespecified key secondary end points
included the change from baseline in LVESVI at month 6 and
changes from baseline in LVEDVI, LVMI, and LVEF at months 6
and 12. Efficacy was analyzed by a modified intention-to-treat
population (n⫽149 patients) who took at least 1 dose of study
medication after randomization and had at least 1 follow-up echocardiogram. All available data were analyzed, and no substitutions
were made for missing values. Pairwise comparisons were made
between the high-dose group and placebo (primary comparison) and
between the low-dose group and placebo (secondary comparison) for
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Demographic and Clinical Characteristics
Placebo
(n⫽53)

Metoprolol Succinate
50 mg (n⫽48)

Metoprolol Succinate
200 mg (n⫽48)

All Patients
(n⫽149)

Age, mean (SD), y

67 (10)

64 (14)

66 (14)

Men, n (%)

37 (69.8)

38 (79.2)

35 (72.9)

110 (73.8)

White

41 (77.4)

38 (79.2)

36 (75.0)

115 (77.2)

Black

11 (20.8)

9 (18.8)

12 (25.0)

32 (21.5)

Other

1 (1.9)

1 (2.1)

0

BMI, mean (SD), kg/m2

27.2 (4.4)

27.8 (6.0)

28.6 (5.6)

27.8 (5.4)

BSA, mean (SD), m2

1.95 (0.25)

2.02 (0.27)

1.96 (0.31)

1.97 (0.28)

66 (13)

Race, n (%)

NYHA class I, n (%)

2 (1.3)

53 (100.0)

48 (100.0)

48 (100.0)

149 (100.0)

Ischemic

27 (50.9)

27 (56.3)

26 (54.2)

80 (53.7)

Idiopathic

17 (32.1)

12 (25.0)

14 (29.2)

43 (28.9)
18 (12.1)

Cause of HF, n (%)

Hypertension

7 (13.2)

5 (10.4)

6 (12.5)

Other

2 (3.8)

4 (8.3)

2 (4.2)

8 (5.4)

Prior PTCA or CABG, n (%)

21 (39.6)

21 (43.8)

21 (43.8)

63 (42.3)

Diabetes, n (%)

16 (30.2)

12 (25.0)

17 (35.4)

45 (30.2)

ACE inhibitor or ARB

49 (92.5)

44 (91.7)

47 (97.9)

140 (94.0)

Diuretics

31 (58.5)

30 (62.5)

35 (72.9)

96 (64.4)

Digoxin

20 (37.7)

18 (37.5)

24 (50.0)

62 (41.6)

Medications, n (%)
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SBP/DBP, mean, mm Hg

125.1/73.9

123.4/73.1

127.1/73.2

125.2/73.4

Heart rate, mean (SD), bpm

78.0 (11.8)

75.4 (10.3)

76.2 (9.7)

76.6 (10.7)

BNP,* mean (SD), pg/mL

88.9 (54.3)

73.9 (65.6)

75.1 (87.9)

79.3 (70.9)

BMI indicates body mass index; BSA, body surface area; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary
artery bypass grafting; ARB, angiotensin receptor blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; and BNP, brain
natriuretic peptide.
*BNP samples were collected in a subset of 25 to 30 patients in each group.

all LV end points. Changes from baseline in LV dimensions were
analyzed with a repeated-measures ANOVA, with terms for treat
ment group, time (6 and 12 months), and the interaction between
treatment group and time. Least square means of the interaction term
were used to estimate treatment group effects at each time, to make
pairwise comparisons of the metoprolol groups versus placebo, and
to test whether changes within each treatment group were different
from zero (ie, different from baseline values). All tests were 2-sided
and were performed at a significance level of 0.050. All values are
reported as mean⫾SD unless otherwise specified. All analyses were
conducted with SAS software, version 8.2 (SAS Institute Inc, Cary,
NC).
The authors had full access to the data and take responsibility for
its integrity. All authors have read and agree to the manuscript as
written.

Results
Study Drug Exposure
Of the 164 patients randomized, 149 patients who had at least
1 dose of drug and 1 follow-up echocardiogram were used for
the modified intention-to-treat analysis. Fifteen patients (placebo, n⫽4; low dose, n⫽6; high dose, n⫽5) were excluded
from the intention-to-treat analysis because they did not have
a follow-up echocardiogram. The median (range) duration of

treatment was 357 (9 to 391), 358 (4 to 376), and 358 (15 to
383) days in the placebo, low-dose, and high-dose groups,
respectively. Mean compliance during the 52-week doubleblind treatment period ranged from 97% to 100% in the 3
treatment groups. In the low-dose group, 87% of patients
achieved the 50-mg/d dose (mean dose, 47⫾9 mg/d). In the
high-dose group, 68% of patients achieved the 200-mg/d dose
(mean dose, 155⫾69 mg/d).

Baseline Characteristics
The 149 patients in the intention-to-treat efficacy analysis had
a mean age of 66⫾13 years; 74% were male, and 77% were
white (Table 1). The cause of HF was attributed to ischemia
(54%), idiopathic dilated cardiomyopathy (29%), hypertension (12%), or other causes (5%). Ninety-four percent of
patients were receiving an ACE inhibitor and/or an angiotensin receptor blocker, 64% were receiving a diuretic, and 42%
were receiving digitalis.
At baseline the mean heart rate was 77⫾11 bpm, and the
mean blood pressure was 125/73 mm Hg. Plasma brain
natriuretic peptide averaged 79⫾71 pg/mL. Baseline heart
rate, blood pressure, and brain natriuretic peptide levels were
similar among the 3 treatment groups.
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Figure 1. Effect of metoprolol succinate on heart rate. Shown
are the mean changes (SE) in heart rate compared with baseline
for patients receiving metoprolol succinate 200 mg (triangles),
50 mg (squares), or placebo (diamonds). *P⬍0.05 vs baseline;
†P⬍0.05 vs placebo.

Effects of Treatment on Heart Rate and
Blood Pressure
Heart rate decreased by 3⫾10, 8⫾10, and 12⫾10 bpm in the
placebo, low-dose, and high-dose groups at 12 months,
respectively (Figure 1). There were no significant changes in
systolic or diastolic blood pressure from baseline to 12
months in any group.

Effects of Treatment on LV Dimensions
Downloaded from http://ahajournals.org by on August 19, 2019

At baseline, LV dimensions and EF were similar in the 3
groups (Table 2). At 12 months, LVESVI, the primary end
point, was decreased by 4⫾3, 8⫾3, and 14⫾3 mL/m2 (least
square mean⫾SE) in the placebo, low-dose, and high-dose
groups, respectively (Table 3, Figure 2A). The decrease with
the high dose was significant versus both baseline and
placebo, whereas the decrease with the low dose was signifTABLE 2.

icant only versus baseline. Similar effects were seen at 6
months. There was a similar directional pattern for changes in
LVEDVI with regard to both dose and treatment duration,
although the changes were not statistically different from
placebo (Table 3, Figure 2B).
At 12 months, LVEF was unchanged in the placebo group
and increased by 4⫾1% in the low-dose group and 6⫾1% in
the high-dose group (Table 3, Figure 2C). There were similar
directional changes at 6 months. LVMI tended to increase in
the placebo group and to decrease in both the high-dose and
low-dose groups at both 6 and 12 months, although none of
these differences reached statistical significance (Table 3,
Figure 2D).

Adverse Events and Tolerability
The most common adverse events were fatigue, dizziness,
dyspnea, peripheral edema, and HF. The percentage of
patients discontinuing the study because of adverse events
was 18%, 13%, and 11% in the placebo, low-dose, and
high-dose groups, respectively. There were 2 deaths in the
placebo group, 2 in the low-dose group, and 4 in the
high-dose group. The cause of death was cardiovascular in 7
patients.

Discussion
The REVERT trial shows that treatment with metoprolol
succinate reduces LVESV and improves LVEF in patients
with asymptomatic LV systolic dysfunction. These results
suggest that metoprolol succinate therapy ameliorates and
reverses pathological cardiac remodeling in asymptomatic
patients with LV systolic dysfunction.
Although prior controlled studies have demonstrated that
␤-blockers can reverse LV remodeling in patients with HF,
these studies have been conducted entirely or predominantly
in symptomatic patients. Metoprolol succinate was shown to

LV Echocardiographic Measurements at Baseline, 6 Months, and 12 Months
Baseline
No.

Mean

6 Months

12 Months

95% CI

No.

Mean

95% CI

No.

Mean

95% CI

2

LVESVI, mL/m
Placebo

53

82.5

74.6 to 90.3

52

78.9

69.0 to 88.9

46

77.5

68.7 to 86.3

Metoprolol succinate 50 mg

48

82.5

74.3 to 90.7

46

79.1

69.4 to 88.8

44

75.3

64.7 to 86.0

Metoprolol succinate 200 mg

48

79.8

72.2 to 87.5

45

66.7

58.0 to 75.3

43

66.5

56.7 to 76.3

LVEDVI, mL/m2
Placebo

53

110.7

103.0 to 118.4

52

106.0

95.7 to 116.4

46

104.8

95.5 to 114.1

Metoprolol succinate 50 mg

48

110.9

102.8 to 119.0

47

108.8

98.8 to 118.8

44

104.8

93.5 to 116.1

Metoprolol succinate 200 mg

48

109.0

99.7 to 118.4

45

96.6

86.9 to 106.3

43

96.8

85.7 to 108.0

LVEF, %
Placebo

53

26.8

24.6 to 28.9

52

27.6

25.1 to 30.1

46

27.5

24.7 to 30.4

Metoprolol succinate 50 mg

48

26.6

24.2 to 29.0

46

29.5

26.3 to 32.7

44

30.4

27.1 to 33.7

Metoprolol succinate 200 mg

48

27.2

25.1 to 29.4

45

32.6

29.9 to 35.2

43

33.2

30.3 to 36.2

LVMI, g/m2
Placebo

51

161.5

148.5 to 174.5

51

162.2

148.7 to 175.6

45

169.9

155.8 to 183.9

Metoprolol succinate 50 mg

48

164.3

148.0 to 180.6

46

161.1

144.5 to 177.7

44

160.0

144.3 to 175.7

Metoprolol succinate 200 mg

47

159.9

146.2 to 173.6

44

150.9

137.8 to 164.1

44

151.8

138.6 to 165.1
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Changes in LV Echocardiographic Measurements From Baseline to 6 Months or 12 Months
Baseline to 6 Months
LSM
Change

95%
CI

Baseline to 12 Months

P vs
Placebo

P vs
Baseline

LSM
Change

95%
CI

P vs
Placebo

P vs
Baseline

LVESVI, mL/m2
Placebo

⫺4.5

⫺9.9 to 0.9

⫺3.7

⫺9.2 to 1.9

⫺9.6 to 1.9

0.18

⫺7.6

⫺13.4 to ⫺1.8

䡠䡠䡠
0.34

0.20

⫺3.9

䡠䡠䡠
0.87

0.10

Metoprolol succinate 50 mg
Metoprolol succinate 200 mg

⫺13.1

⫺18.8 to ⫺7.4

0.032

⬍0.001

⫺14.5

⫺20.3 to ⫺8.6

0.009

⬍0.001

0.011

LVEDVI, mL/m2
Placebo

⫺5.6

⫺11.8 to 0.5

⫺5.4

⫺11.7 to 1.0

⫺9.1 to 3.9

0.43

⫺6.7

⫺13.3 to ⫺0.1

䡠䡠䡠
0.77

0.10

⫺2.4

䡠䡠䡠
0.50

0.072

Metoprolol succinate 50 mg
Metoprolol succinate 200 mg

⫺11.9

⫺18.5 to ⫺5.4

0.17

⬍0.001

⫺13.5

⫺20.2 to ⫺6.8

0.083

⬍0.001

0.31

0.0

⫺2.5 to 2.5

3.9

1.4 to 6.5

䡠䡠䡠
0.032
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6.2
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0.047
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1.2
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Metoprolol succinate 50 mg
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䡠䡠䡠
0.32

Metoprolol succinate 200 mg

5.6

3.0 to 8.1

0.014
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0.003
⬍0.001

LVMI, g/m2
Placebo

0.5

⫺11.6 to 12.7

⫺4.8 to 20.7

8.0

⫺17.6 to 7.7

0.44

⫺7.3

⫺20.1 to 5.5

䡠䡠䡠
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0.22

⫺4.9

䡠䡠䡠
0.54
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Metoprolol succinate 50 mg
Metoprolol succinate 200 mg

⫺8.1

⫺20.9 to 4.7
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0.21

⫺8.4

⫺21.2 to 4.5

0.076

0.20

0.26

LSM indicates least square mean.
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improve survival and decrease hospitalizations in the Metoprolol CR/XL Randomised Intervention Trial in Congestive
Heart Failure (MERIT-HF), a trial that studied predominantly
NYHA class II and III patients and excluded patients in
NYHA class I.4 In the magnetic resonance imaging substudy
of MERIT-HF, treatment with metoprolol succinate for 6
months decreased LVEDVI by 24 mL/m2, decreased LVESVI
by 26 mL/m2, and increased LVEF by 8%.9 Qualitatively and
quantitatively similar effects of metoprolol succinate on LV
volumes and EF were seen in the echocardiographic substudy
of MERIT-HF10 and the Randomized Evaluation of Strategies
for Left Ventricular Dysfunction (RESOLVD) pilot study.20
Likewise, carvedilol has been shown to improve both survival
and remodeling in patients with symptomatic HF. Although
LV dimensions were not reported in the US Carvedilol Trials
Program, treatment with carvedilol for a mean of 213 days
increased LVEF from 22% to 32%.21 In the Australia/New
Zealand Trial, carvedilol decreased LV end-diastolic and
end-systolic dimensions and increased EF.7 Approximately
75% of patients in the Australia/New Zealand Trial were in
class II or III, and the results of that study were not reported
with regard to NYHA class.11
Although the determination of symptoms is subjective,
several observations suggest that the patients in REVERT
differed markedly from those with class II and III symptoms
that are typical of prior ␤-blocker trials. Perhaps the most
objective measure of clinical severity is the average plasma
brain natriuretic peptide level of 75 pg/mL, which is below
the cutoff of 100 pg/mL that has a high level of selectivity for
excluding a diagnosis of HF.22 Another important indicator of
disease severity is mortality rate, which was 5% per year in
this study, a rate well below the rate of ⬇10% to 15% per
year that is typical of symptomatic patients treated with an

ACE inhibitor4,21,23 and similar to the rates observed in
asymptomatic patients in the treatment arm of the Studies of
Left Ventricular Dysfunction (SOLVD) Prevention Trial24 or
a general community population.1 An important indicator of
milder LV dysfunction is the lesser extent of LV remodeling
at baseline. For example, the baseline LVEDVI in REVERT
(110⫾29 mL/m2) is substantially smaller than the LVEDVI
of 153⫾64 mL/m2 in the MERIT-HF substudy.9 Other
indicators of mild disease in this study population are the
relatively low pretreatment heart rate of 77 compared with 82
bpm in MERIT-HF, the relatively preserved systolic blood
pressure of 126 mm Hg, and the need for diuretics of any type
in only ⬇64% of patients. It should be noted that although the
patients in REVERT had to be asymptomatic for at least 2
months before randomization, before that time they may have
had symptoms that responded to therapy with diuretics and/or
renin-angiotensin system blockade.
In REVERT, the effects of metoprolol on LVESVI and
LVEF appear to be dose dependent. Although the study was
not powered to detect a dose-effect relationship, in the
high-dose group the decrease in LVESVI and the increase in
LVEF were significantly different from those seen in the
placebo group at both 6 and 12 months, whereas these
changes in the low-dose group were intermediate in magnitude and, for the most part, not significantly different from
those seen with placebo. Of note, the mean dose achieved in
the high-dose group (155 mg/d) of REVERT is very similar
to the mean dose achieved in MERIT-HF (159 mg/d), which,
like REVERT, had a target dose of 200 mg/d. The vast
majority (94%) of patients in REVERT were receiving an
ACE inhibitor or an angiotensin receptor blocker before
enrollment, indicating that the antiremodeling effect of
␤-blocker therapy in asymptomatic patients is in addition to
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Figure 2. Effect of metoprolol succinate on LV volumes. Shown are the least square mean changes (SE) in LVESVI (A), LVEDVI (B),
LVEF (C), and LVMI (D) compared with baseline for patients receiving metoprolol succinate 200 mg (triangles), 50 mg (squares), or placebo (diamonds). *P⬍0.05 vs baseline; †P⬍0.05 vs placebo.

the benefits afforded by blockade of the renin-angiotensin
system.
A decrease in heart rate, as occurs with ␤-blocker therapy,
may allow more complete LV filling, thereby leading to
increases in stroke volume and EF. A limitation of this study
is that LV dimensions were not repeated after withdrawal of
therapy, which would have allowed the exclusion of a
transient effect due to the decrease in heart rate. However, the
decrease in LVESVI and the increase in LVEF observed with
metoprolol at both 6 and 12 months were associated with a
decrease in LVEDVI, indicating that the observed improvements cannot be attributed to the slowing of heart rate, per se.
In 2001, when REVERT began enrollment, the existing
American College of Cardiology/American Heart Association guidelines, published in 1999, concluded that the benefit
of ␤-blocker therapy beyond the first 3 months after acute
myocardial infarction had not been established conclusively,
and as a result the use of ␤-blockers in patients with moderate
or severe LV failure received only a class IIb recommendation.25 In this setting, REVERT allowed the enrollment of
patients who had a history of a remote myocardial infarction,
defined as ⬎6 months before randomization, if they had not
been treated with ␤-blockers. In practice, no patients were
enrolled in the study who had a myocardial infarction within
the year before randomization. Subsequently, the current

American College of Cardiology/American Heart Association guidelines, published in 2004, recommended that patients who have a history of a myocardial infarction and LV
dysfunction should be treated with ␤-blockers.26 The findings
of REVERT support this recommendation.
REVERT was not designed to test the effect of ␤-blockade
on morbidity or mortality rates. There are very few outcomes
trials in patients with asymptomatic HF. The SOLVD Prevention Trial demonstrated an improvement in symptoms and
a decrease in hospitalization for HF but did not achieve
statistical significance with regard to survival.24 Of note, a
post hoc analysis of the SOLVD Prevention Trial found that
survival was improved significantly in patients who were
randomized to enalapril and were also taking a ␤-blocker.27
It is unlikely that an outcomes trial of ␤-blockers in
patients with asymptomatic LV systolic dysfunction could be
conducted. However, it has been suggested that a beneficial
effect on remodeling may be used as a surrogate for clinical
outcomes in patients with HF due to LV systolic dysfunction.18 It is reasonable to expect that, by ameliorating LV
remodeling, ␤-blocker therapy will delay the emergence or
reemergence of symptoms in asymptomatic patients. This
premise is further supported by the established positive
relationship between improvements in LV remodeling and
survival with ␤-blocker therapy in symptomatic patients.8,18

Colucci et al
The results of REVERT suggest that the survival benefit
observed in symptomatic patients treated with metoprolol
succinate may extend to asymptomatic patients with LV
systolic dysfunction as well.
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