
In a recent and widely publicized meta-analysis by Lind-
holm and colleagues,1 data were pooled from 18 ran-
domized trials in which β-blockers were used as first-

line treatment for hypertension. The authors found an
excess risk of stroke associated with β-blockers compared
with other classes of antihypertensive drugs, and they con-
cluded that β-blockers should not remain one of the first-

choice options for the treatment of hypertension.1 The ac-
companying editorial stated that “the era of β-blockers for
hypertension is over.”2 However, we believe this conclusion
is flawed for several reasons.3

First, not all randomized hypertension trials relevant to
this question were included in the meta-analysis — in partic-
ular, several large trials that have been included in other hy-
pertension meta-analyses were excluded.4–6 Second, the in-
vestigators focused on an individual end point (stroke), rather
than the composite outcome, usually reported in hyperten-
sion clinical trials, of “major cardiovascular outcomes”
(stroke, myocardial infarction [MI] or death). When an indi-
vidual end point, such as stroke, is used, an agent with a ben-
eficial impact on some end points may thus appear to have a
detrimental effect on another individual end point because of
survivor bias (e.g., if an agent prevented coronary deaths,
then more patients given that agent would be alive and at risk
of stroke than patients given another agent that did not re-
duce coronary deaths). It is important to note that, contrary to
the perception fostered by the meta-analysis, the most com-
mon events in the hypertension trials analyzed were death 
(n = 8909) and MI (n = 4701), not strokes (n = 4337) or heart
failure (n = 1931).

Third, the data used was both statistically (p = 0.02) and
clinically heterogeneous. In such a situation, pooled esti-
mates can be misleading, and analyses within homogeneous
patient subgroups may be more appropriate than simply
pooling all of the trial data together. Since hypertension in
elderly patients is characterized by low arterial compliance
and increased vascular resistance, and hypertension in
younger patients is characterized by a high cardiac output in
the face of normal or reduced peripheral vascular resis-
tance,7,8 it is not unreasonable to speculate that drugs that re-
duce cardiac output without affecting vessel wall compliance
(such as β-blockers)9 will demonstrate different effects in
older hypertensive patients. As such, we felt it inappropriate
to pool data from trials involving people in their 70s and 80s
with those from trials involving people in their 40s and 50s.

Thus, in the present meta-analysis, we sought to clarify the
efficacy of β-blockers for primary hypertension with analyses
that incorporate the data from all relevant β-blocker trials, us-
ing the composite outcome of major cardiovascular events
(stroke, MI or death) relevant to hypertension patients and
their physicians. Most importantly, we sought to explore and
explain the heterogeneity in the β-blocker trial results by
comparing outcomes in younger and older patients. 
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Review

Background: In a recently published meta-analysis, investi-
gators asserted that β-blockers should not be used to treat
hypertension. Because the pathophysiology of hypertension
differs in older and younger patients, we designed this meta-
analysis to clarify the efficacy of β-blockers in different age
groups. The primary outcome was a composite of stroke,
myocardial infarction and death.

Methods: We identified randomized controlled trials that
evaluated the efficacy of β-blockers as first-line therapy for
hypertension in preventing major cardiovascular outcomes.
Both authors independently evaluated the eligibility of all
trials. Trials enrolling older (mean age at baseline ≥
60 years) patients were separated from those enrolling
younger (mean age < 60 years) patients. Data were pooled
using a random effects model.

Results: Our analysis incorporated data from 145 811 partici-
pants in 21 hypertension trials. In placebo-controlled trials,
β-blockers reduced major cardiovascular outcomes in
younger patients (risk ratio [RR] 0.86, 95% confidence inter-
val [CI] 0.74–0.99, based on 794 events in 19 414 patients)
but not in older patients (RR 0.89, 95% CI 0.75–1.05, based
on 1115 events in 8019 patients). In active comparator trials,
β-blockers demonstrated similar efficacy to other antihyper-
tensive agents in younger patients (1515 events in 30 412 pa-
tients, RR 0.97, 95% CI 0.88–1.07) but not in older patients
(7405 events in 79 775 patients, RR 1.06, 95% CI 1.01–1.10),
with the excess risk being particularly marked for strokes
(RR 1.18, 95% CI 1.07–1.30).

Interpretation: β-blockers should not be considered first-
line therapy for older hypertensive patients without another
indication for these agents; however, in younger patients β-
blockers are associated with a significant reduction in car-
diovascular morbidity and mortality.
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Methods

We conducted a search on PubMed (1950 to Jan. 18, 2006) us-
ing the search terms “β blockers or adrenergic β antagonists”
and “hypertension” and “stroke or death or myocardial infarc-
tion,” restricted to humans and clinical trials. We also re-
viewed reference lists from previous hypertension meta-analy-
ses identified by searches of MEDLINE and the Cochrane
Library, and contacted Canadian hypertension experts. We in-
cluded only randomized controlled trials that evaluated the ef-
ficacy of β-blockers as first-line therapy for hypertension in
preventing major cardiovascular events (stroke, MI or death).
We included open randomized trials (as long as there was
blinded ascertainment of the outcomes in the trial) and ran-
domized trials that assigned patients to “mixed older agents”
as one of the treatment arms as long as at least 50% of the pa-
tients receiving the “mixed older agents” received a β-blocker
(in sensitivity analyses we explored results with and without
inclusion of these mixed trials).

Both authors extracted outcome data from each trial inde-
pendently; outcomes were assigned according to the inten-
tion-to-treat principle and using the outcome definitions em-
ployed in each study (the end point definitions and methods
of classification were identical across treatment groups
within each trial). Our primary outcome was the composite
cardiovascular outcome of death, nonfatal MI or nonfatal
stroke, a clinically relevant end point that was elected after
discussion by 44 national hypertension experts at the Cana-
dian Hypertension Education Program consensus conference
on Oct. 21, 2005. We also explored outcomes for heart failure
as well as for each component of the composite outcome sep-
arately. Because we did not have access to individual patient
data, we used trial inclusion criteria or the mean age of trial
participants or both to distinguish between trials enrolling
“younger” (< 60 years of age) patients and those enrolling
“older” (≥ 60 years of age) patients. Trials were dichotomized
using a patient age of 60 years to be consistent with prior re-
ports in this field.10

Meta-analyses for all outcomes were performed using ran-
dom-effects models, and χ2 tests for heterogeneity were used
to assess between-study heterogeneity for each outcome
analysis. Pooled risk ratios (RR) were expressed with 95%
confidence intervals (CIs). Sensitivity analyses were per-
formed to explore the outcomes after excluding those trials
with “mixed older agents” as one treatment arm (in which β-
blockers were only one of the first-line options in that arm of
the study) as well as the outcomes in those trials included in
the meta-analysis by Lindholm and colleagues.

Results

Our search results are outlined in online Appendix 1, available
at www.cmaj.ca/cgi/content/full/174/12/1737/DC1. The inter-
observer kappa for trial inclusion was 0.94. In contrast to the
meta-analysis by Lindholm and associates, we included the
data from the Captopril Prevention Project (CAPPP),11 the Vet-
erans Administration Cooperation Study Group Trial,12 and
the African American Study of Kidney Disease and Hyperten-

sion (AASK)13 in our analysis since patients in all 3 trials were
randomly assigned to β-blockers as initial therapy in at least
one of the treatment arms, and all 3 trials have been included
in previous hypertension systematic reviews.4–6 As with to the
meta-analysis by Lindholm and associates and other hyper-
tension meta-analyses,1,4 we excluded the results from the
Metoprolol Atherosclerosis in Hypertension (MAPHY) trial14

because this study was a follow-up extension of a subgroup
from the Heart Attack Primary Prevention in Hypertension
(HAPPHY) trial.15

We collected outcome data on 145 811 participants in 21 hy-
pertension β-blocker trials11–13,15–32 published between 1982
and 2005. Of these, 6 trials employed placebo control subjects
in at least one arm of the study (online Appendix 2, www.cmaj
.ca/cgi/content/full/174/12/1737/DC2). Although most of these
trials included β-blocker monotherapy as one of the random-
ization arms, in 5 trials the assignment was to “mixed older
agents” versus other antihypertensive drug classes.11,16–19 The
actual proportion of patients randomly assigned to “mixed
older agents” who received β-blocker monotherapy at ran-
domization in these 5 trials ranged from 54% to 75%. The
mean age ranged from 45.5 to 56.2 years in the trials enrolling
younger patients (n = 10, with 50 612 patients) and from 60.4
to 76 years in the trials enrolling older patients (n = 11, with
95 199 patients).

Placebo-controlled trials

With regard to the composite outcome (death, stroke or MI),
β-blockers reduced event rates compared with placebo (RR
0.86, 95% CI 0.74–0.99, based on 794 events in 19 414 pa-
tients) in trials enrolling younger patients (Fig. 1A),21,28 but
benefits were not found in trials enrolling older pa-
tients19,24,29–31 (RR 0.89, 95% CI 0.75–1.05, based on 1115
events in 8019 patients) (Fig. 1B). There was no evidence of
heterogeneity in these age-specific pooled analyses.

β-blockers were associated with trends toward reduced
rates of MI (RR 0.85, 95% CI 0.71–1.03), stroke (RR 0.84,
95% CI 0.65–1.10), and death (RR 0.94, 95% CI 0.79–1.10),
but not heart failure (RR 1.05, 95% CI 0.72–1.54) in placebo-
controlled trials enrolling younger patients. None of these in-
dividual end points occurred frequently enough to permit de-
finitive conclusions to be drawn, given insufficient power in
these analyses. In trials involving older patients, β-blockers
were associated with statistically significant reductions in
stroke (RR 0.78, 95% CI 0.63–0.98) and heart failure (RR
0.54, 95% CI 0.37–0.81) compared with placebo, but had no
appreciable impact on rates of MI (RR 0.98, 95% CI 0.83–
1.16) or death (RR 0.91, 95% CI 0.74–1.12).

Active comparator trials

With regard to the composite outcome (death, stroke or MI)
among 30 412 patients younger than 60 years of age,11,15,21–23

there was no difference in event rates between those ran-
domly assigned to β-blocker therapy compared with those re-
ceiving other antihypertensive agents (1515 events, RR 0.97,
95% CI 0.88–1.07) (Fig. 2A). However, in the 79 775 patients
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60 years of age or older,16–18,24–27 β-blockers were associated
with a higher risk of events than were other antihypertensive
agents (7405 events, RR 1.06, 95% CI 1.01–1.10) (Fig. 2B). Im-
portantly, there was no evidence for heterogeneity in these
pooled analyses.

In randomized comparisons with other antihypertensive
agents in younger patients, β-blockers exhibited similar effi-
cicacy for the individual end points
of MI (RR 0.97, 95% CI 0.86–1.10),
death (RR 0.97, 95% CI 0.83–1.14),
heart failure (RR 0.93, 95% CI
0.64–1.34) and stroke (RR 0.99,
95% CI 0.67–1.44). However, in tri-
als involving older patients, β-
blockers were associated with sig-
nificantly higher rates of stroke
(2935 strokes in 87 180 patients, RR
1.18, 95% CI 1.07–1.30, p for het-
erogeneity = 0.11), but not MI (RR
1.06, 95% CI 0.94–1.20), heart fail-
ure (RR 0.98, 95% CI 0.87–1.11), or
death (RR 1.05, 95% CI 0.99–1.11).

Sensitivity analyses

In an analysis excluding the 5 trials
with “mixed older agents” as one of
the randomization arms (in which
outcome data for patients given β-
blockers were reported in combina-
tion with the outcome data for pa-
tients given thiazides), our results
were unchanged: in the trials in-
volving younger patients, there was
no difference in composite event
rates between those randomly as-
signed to β-blockers and those as-
signed to other antihypertensive
agents (RR 1.01, 95% CI 0.88–1.15),
but in older patients β-blockers
were associated with a higher risk
of the composite outcome than
were other antihypertensive agents
(RR 1.12, 95% CI 1.02–1.24). When
we excluded the 3 studies excluded
from the meta-analysis by Lind-
holm and associates, the results
were consistent with those found in
our main analysis described above:
no difference in composite event
rates in trials of active comparators
involving younger patients (RR 1.01,
95% CI 0.88–1.15), but excess risk
in active comparator trials involving
older patients (RR 1.07, 95% CI
1.00–1.14) that was largely driven by
excess risk of stroke (RR 1.18, 95%
CI 1.07–1.30).

Interpretation

Our results confirm the finding in the meta-analysis by Lind-
holm and colleagues that β-blockers are associated with an
increased risk of stroke compared with other antihypertensive
agents, but the results also show that this excess risk is
largely driven by data from trials enrolling older patients. Im-
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Fig. 1: Risk ratios for the composite outcome (death, stroke or myocardial infarction) for (A)
patients less than 60 years of age and (B) patients 60 years of age and older receiving β-
blockers or placebo. The size of the boxes represents the number of participants who experi-
enced a cardiovascular event. The mean age of trial participants is given in parentheses after
each trial acronym. Trials are listed in order of publication. CI = confidence interval. 



portantly, younger patients randomly assigned to β-blockers
exhibit similar rates of cardiovascular death, MI or stroke to
those assigned other antihypertensive agents, and β-blockers
were more efficacious than placebo in these patients.

Our analysis supports the cautions raised almost a decade
ago by Messerli and colleagues that β-blockers are a poor ini-
tial choice for first-line therapy for uncomplicated hyperten-
sion in elderly patients.10 However, we have expanded upon
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Fig. 2: Risk ratios for the composite outcome (death, stroke or myocardial infarction) for (A) patients less
than 60 years of age and (B) patients 60 years of age and older receiving β-blockers or other antihypertensive
drugs. The size of the boxes represents the number of participants who experienced a cardiovascular event.
The mean age of trial participants is given in parentheses after each trial acronym. Trials are listed in order of
publication. CI = confidence interval. 



their analysis by including more recently published data from
an additional 141 117 patients in 18 trials. Although our analy-
sis demonstrates that β-blockers are beneficial in younger hy-
pertensive patients, it should be acknowledged that the ob-
served benefits in the placebo-controlled trials are less than
might be expected given the results of epidemiologic studies.33

Although it remains unclear whether certain classes of anti-
hypertensive drugs have greater or lesser impact on cause-
specific cardiovascular outcomes or in different patient sub-
groups (e.g., black patients), the results of a network meta-
analysis of 42 trials (incorporating trials comparing agents
from all drug classes) suggested that low-dose thiazide diuret-
ics were the most effective first-line therapy for hypertension.4

However, in those younger patients with contraindications or
prior intolerance to thiazide diuretics, our analysis supports
the use of β-blockers as a first-line agent for lowering blood
pressure.

Like all meta-analyses, our analysis does have some limita-
tions. Given the paucity of data in the published reports for
each trial, we cannot adjust our analyses for degree of blood
pressure control, dose of medications nor compliance with as-
signed therapy. Similarily, since virtually none of the trials re-
ported data in age-specific subgroups, we had to extrapolate
from the trial eligibility criteria and the mean age of study par-
ticipants to divide the trials into those enrolling younger pa-
tients and those enrolling older patients. However, although
the ongoing Blood Pressure Lowering Treatment Trialists Col-
laboration5 is prospectively collecting the individual patient
data necessary to fully explore outcomes in age-specific sub-
groups, their ability to explore the efficacy of β-blockers in dif-
ferent age groups is limited by the fact that the Collaboration
is only collecting data on trials started after 1995. This thereby
excludes much of the data used in our analysis, and, given the
decreasing enthusiasm for β-blocker monotherapy as the ac-
tive comparator in future trials, it is questionable whether fur-
ther data will be available in the future.

Thus, although β-blockers should clearly not be consid-
ered first-line therapy for older hypertensive patients without
another indication (such as heart failure,34 postmyocardial in-
farction35 or symptomatic coronary disease36), in younger pa-
tients β-blockers are more efficacious than placebo, and there
is robust evidence from trials enrolling over 30 000 hyperten-
sive patients to refute the claim that β-blockers are less bene-
ficial than other antihypertensive agents. Our analysis sup-
ports the stance espoused in the 2006 Canadian Hypertension
Education Program Recommendations37 that β-blockers
should remain one of the recommended drug classes in the
therapeutic armamentarium for younger hypertensive pa-
tients. In the editorial accompanying the meta-analysis by
Lindholm and associates, Beevers cautioned that there was a
danger of “throwing out the baby with the bath water” in rec-
ommending against the use of β-blockers for the treatment of
hypertension.2 We agree.
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