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Jo
Background and objectives: We have recently published
an overview and meta-analysis of the effects of the five
major classes of blood pressure-lowering drugs on
cardiovascular outcomes when compared with placebo.
However, possible differences in effectiveness of the
various classes can correctly be estimated only by head-to-
head comparisons of different classes of agents. This has
been the objective of a new survey and meta-analysis.

Methods: A database search between 1966 and August
2014 identified 50 eligible randomized controlled trials for
58 two-drug comparisons (247 006 patients for 1 029 768
patient-years). Risk ratios and their 95% confidence
intervals of seven outcomes were estimated by a random-
effects model.

Results: The effects of all drug classes are not significantly
different on most outcomes when their blood pressure
effect is equivalent. However, there are also significant
differences involving almost all classes of drugs. When
compared to all other classes together, diuretics are
superior in preventing heart failure; beta-blockers less
effective in preventing stroke; calcium antagonists superior
in preventing stroke and all-cause death, but inferior in
preventing heart failure; angiotensin-converting enzyme
inhibitors more effective in preventing coronary heart
disease and less in preventing stroke; angiotensin receptor
blockers inferior in preventing coronary heart disease; and
renin–angiotensin system blockers more effective in
preventing heart failure. When stratifying randomized
controlled trials according to total cardiovascular risk, no
drug class was found to change in effectiveness with the
level of risk.

Conclusions: The results of all available evidence from
head-to-head drug class comparisons do not allow the
formulation of a fixed paradigm of drug choice valuable
for all hypertensive patients, but the differences found may
suggest specific choices in specific conditions, or preferable
combinations of drugs.

Keywords: angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, blood pressure-lowering
treatment, calcium antagonists, diuretics, drug class,
hypertension, meta-analysis, randomized controlled trials
pyright © 2015 Wolters Kluwer Health, Inc. Unau
urnal of Hypertension
Abbreviations: ACE, angiotensin-converting enzyme;
ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BP, blood pressure; BPLTTC,
Blood Pressure Lowering Treatment Trialists’ Collaboration;
CHD, coronary heart disease; CI, confidence interval; RAS,
renin–angiotensin system; RASB, renin–angiotensin system
blocker; RCT, randomized controlled trial
INTRODUCTION
W
e had previously published meta-analyses of 68
randomized controlled trials (RCTs) in which
blood pressure (BP)-lowering by drugs was com-

pared with placebo or no treatment, or less intense BP-
lowering treatment in cohorts of hypertensive patients, or
including at least 40% hypertensive individuals, with exclu-
sion of all trials in which BP-lowering drugs were inves-
tigated in the treatment of acute myocardial infarction, heart
failure, acute stroke, or in patients on dialysis [1–3]. Of the
68 RCTs comparing BP-lowering treatment with no or less
intense treatment, 55 (195 267 individuals) were found
suitable for drug class-specific meta-analyses. As recently
published [4], these meta-analyses have shown that BP-
lowering by all classes of antihypertensive drugs is accom-
panied by significant reductions of stroke and major car-
diovascular events, supporting the concept that reduction
of these events is due to BP-lowering per se rather than to
specific drug properties. However, evidence of risk
reduction of other events and particularly mortality was
found with some drug classes only. Differences in the
thorized reproduction of this article is prohibited.

DOI:10.1097/HJH.0000000000000614

www.jhypertension.com 1321

mailto:alberto.zanchetti@auxologico.it


Thomopoulos et al.
evidence available for every drug class versus no treatment
cannot be taken to mean that BP-lowering by different
classes of agents has partly different effectiveness on the
risk of cardiovascular outcomes. Indeed, these possible
differences can only be estimated by head-to-head com-
parisons of two or more classes of agents [4,5].

A number of meta-analyses comparing the effects of
different antihypertensive drug classes are available, but
some of these are dated back to several years ago and do
not include a number of recent RCTs [6–10], or analyze
together RCTs in which drugs with BP-lowering properties
have been given to treat different conditions, such as acute
myocardial infarction and heart failure, in which the BP-
lowering properties of the drugs may represent a limiting
factor rather than the beneficial mechanism [10,11]. Further-
more, many of the available meta-analyses have focused on
the comparison of few drug classes only [12–16], have
sometimes analyzed together RCTs comparing active treat-
ments with RCTs using placebo as comparison [17], and
have often surrendered to the temptation of comparing the
effects of drug classes tested separately in differently
designed RCTs [6,16], rather than relying on direct head-
to-head comparisons.

We present here the results of an overview and meta-
analysis of all RCTs we have been able to identify in which
at least two BP-lowering drugs belonging to different
pharmacological classes have been compared head to
head, exclusively in cohorts of hypertensive patients or
in which at least 40% of hypertensive patients were
included.

METHODS

Trial eligibility
The initial database search for these meta-analyses was
similar to that done for our previous meta-analyses [1–4],
but was extended till 31 August 2014. As in our previous
meta-analyses, trials had to meet the following criteria:
enrolling individuals with hypertension (SBP �140 or
DBP �90mmHg or current antihypertensive treatment)
or a proportion of at least 40% hypertensive individuals
among those randomized, with exclusion of trials investi-
gating acute myocardial infarction, heart failure, acute
stroke, and patients on dialysis; protocol including
measurement of at least one type of cardiovascular events
as primary or secondary endpoints; BP values available
during follow-up; follow-up of at least 6 months; a mini-
mum of five events during follow-up; and randomized
allocation to treatments.

Whereas in our previous meta-analyses [1–4], final selec-
tion was limited to those RCTs comparing active treatment to
placebo, all RCTs exclusively comparing an active drug with
placebo were excluded from the meta-analyses reported
here, which included only RCTs in which at least two drugs
belonging to two different classes of antihypertensive agents
[diuretics, beta-blockers, calcium antagonists, angiotensin-
converting enzyme (ACE)-inhibitors, angiotensin receptor
blockers (ARB)] were specifically compared.

The database search was done by two of the authors (C.T.
and A.Z.) by consulting PubMed between 1966 and end of
August 2014 (any language), the Cochrane Collaboration
Copyright © 2015 Wolters Kluwer Health, Inc. Unau
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Library database, and the reference list of all major previous
meta-analyses of antihypertensive treatment trials. When-
ever possible, in case of doubt or missing information,
the trial authors were consulted. Recommendations of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [5] were adhered to.

Outcomes
As in our previous meta-analyses [1–4], data were extracted
independently by two authors (C.T. and A.Z.), with differ-
ences resolved by discussion. Seven predetermined out-
comes were considered: stroke (fatal and nonfatal);
coronary heart disease (CHD) events (coronary death
and nonfatal myocardial infarction); hospitalized heart fail-
ure; major cardiovascular events, composite of stroke and
CHD; major cardiovascular events, composite of stroke,
CHD and heart failure; cardiovascular death; and all-cause
death. Definition of the outcomes has been detailed in [1].

Quality assessment
Details on quality assessment of the two RCTs considered
can be found in a previous publication [1]. In brief, our
quality assessment was not substantially different from that
proposed by the Cochrane Collaboration tool to assess the
risk of bias; however, our modified procedure further
aimed at evaluating the prevalence of hypertensive patients
in each RCT, integrated specific additional criteria of bias
beyond randomization and blindness, and finally took into
account the magnitude of the product ‘patient-years’.

Statistical analyses
Randomized controlled trials were divided into groups
according to the two drug classes being compared, with
trials comparingmore than twoclassesbeingentered inmore
than one group. RCTs were attributed to a given comparison
on the basis of randomized assignment to either of the two
BP-lowering drugs belonging to different classes, independ-
ently of background treatment (no previous treatment,
switch from previous treatment, or background treatment
maintained). In case of randomization to two-drug combi-
nation treatment, a trial was included if the combinations
being compared had an agent in common. In RCTs in which
one group could receive different treatments at the investi-
gator’s choice (commonly either a diuretic or a beta-blocker)
that groupwas only included,when suitable, in the treatment
group ‘all other drugs’. Subanalysesweredone for subclasses
of antihypertensive drugs (dihydropyridines and nondihy-
dropyridines for calcium antagonists). Finally, meta-analyses
were also done of RCTs comparing each given drug class
with any other class.

Statistical analyses were done with the methods
described in the studies reporting our previous meta-
analyses of placebo (or no treatment)-controlled trials
[1–4]. In brief, risk ratios and their 95% confidence intervals
(CIs) for each trial calculated by the Mantel–Haenszel
method were weighted by patient number and follow-up
duration, and combined using a random-effects model. The
random-effects model was chosen to avoid the assumption
that participants in the individual trials were sampled from
populations in which the intervention had the same quan-
titative effect [10]. However, we also quantified the
thorized reproduction of this article is prohibited.
Volume 33 � Number 7 � July 2015



C

Outcome incidences in antihypertensive drug comparisons
proportion of inconsistency across the studies not
explained by chance by using the I2 and the x2Q statistics,
and whenever P was greater than 0.1, we also used the
fixed-effects model as sensitivity analysis. Heterogeneity
was considered low when I2 was between 0 and 25%,
intermediate between 25 and 75%, and high above 75%.

Randomized controlled trials comparing active drug
treatments were all designed with the intention of achieving
the same average SBP and DBP during follow-up with both
treatments. Small, and sometimes larger, SBP/DBP differ-
ences occurred; however, in most trials and for each drug
class comparison, the means of every individual trial SBP/
DBP differences were weighted by patients’ number and
follow-up duration, and were averaged. When the mean of
the SBP and DBP differences was less than 1 mmHg, no
adjustment was made, but whenever this was at least
1mmHg, adjustment to 0mmHg differences was made
by using the a-coefficients of the meta-regression of risk
ratio logarithms over BP differences which we previously
calculated from 47 RCTs of intentional BP-lowering versus
placebo [1].

The influence of individual RCTs on pooled effect sizes
was tested by excluding one trial at a time: if the point
estimate of the combined effect size with a given trial
excluded lay outside the CI of the overall estimate risk
with all available trials, the trial in question was considered
to have an excessive influence.

In an additional set of analyses, the influence of the level
of total cardiovascular risk on the effects of each class of BP-
lowering agents versus all other classes was investigated by
stratifying RCTs in low-moderate, high, and very high risk
on the basis of the 10-year rates of cardiovascular death
observed during the trial (low-moderate<5%, high risk 5 to
<10%, very high �10%), and carrying out trend analysis to
investigate whether risk ratios tended to change with the
level of risk.

The presence of publication bias was investigated
graphically by the funnel plots of precision (random-effects
plotting) and the Duval and Tweedie trim-and-fill method.

Comprehensive Meta-Analysis version 2 (Biostat, Engle-
wood, New Jersey, USA) was used for all the analyses. In
opyright © 2015 Wolters Kluwer Health, Inc. Unau
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FIGURE 1 Identification process for eligible randomized controlled trials.
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each meta-analysis, a P value less than 0.05 was considered
to indicate statistical significance; however, this statistical
threshold should be interpreted with caution because of the
multiple comparisons performed.

RESULTS

Trial and patients
Figure 1 illustrates the investigated steps to identify RCTs to
be included. Searching strategies are indicated in online
Supplemental Table S1 (http://links.lww.com/HJH/A487)
and RCTs excluded are listed in online Supplemental
Table S2 (http://links.lww.com/HJH/A487). This pro-
cedure identified 50 eligible RCTs for 58 two-drug com-
parisons [17–66]. Online Supplemental Table S3 (http://
links.lww.com/HJH/A487) indicates the characteristics of
the 50 RCTs for a total of 247 006 patients followed up for an
average of 4.17 years (1 029 768 patient-years). Forty-three
of the 50 RCTs (86%) were of higher quality (scoring from 4
to 6), with only seven (14%) of lower quality.

Meta-analyses were done for comparisons of each of the
five major classes of BP-lowering drugs with the other
classes, separately and joined together. The drug classes
considered were: diuretics, beta-blockers, calcium
antagonists, ACE-inhibitors, and ARBs. An additional type
of comparison was done by combining ACE-inhibitors
and ARBs into a single group of renin–angiotensin system
(RAS) blockers. The class of calcium antagonists was also
analyzed separately for dihydropyridine and nondihydro-
pyridine compounds. An additional meta-analysis was
done of all RCTs comparing an ACE-inhibitor or an ARB
or a beta-blocker versus either a diuretic or a calcium
antagonist.

Diuretics versus other drug classes
Table 1 lists the RCTs and RCT subgroups available for
comparisons of diuretics with each of the other drug
classes. In the comparison of diuretics and beta-blockers
(Fig. 2a), no significant differences could be found in the
risk of any outcome. Heterogeneity was low to moderate
for all outcomes. Use of a fixed-effects model in cases in
thorized reproduction of this article is prohibited.

ditional sources
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ecords excluded: N = 216 270
Duplicate publication: N = 102 365
Non-cardiovascular studies, no RCTs: N = 113,905

Trials excluded: N = 252
For reason of exclusion refer to TableS2  
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C

Outcome
Trials

(n) Diuretics Controls

Events
(n/patients) RR

(95% CI)
RR 

(95% CI)
P

(Heterogen)

Difference
SBP/DBP
(mmHg)

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV death
All–cause death

7
7
2
7
4
5
7

176/13247
379/13247
28/  4366

555/13247
459/  9744
258/11976
511/13121

208/13351
402/13351
37/  4386

609/13351
542/  9891
263/12137
520/13279

0.85 (0.58–1.25)
0.93 (0.75–1.16)
0.76 (0.47–1.24)
0.91 (0.76–1.09)
0.86 (0.73–1.02)*
1.03 (0.77–1.38)
0.99 (0.86–1.15)

0.01
0.08
0.41
0.06
0.16
0.04
0.26

(a) Diuretics vs Beta-Blockers

–0.48/ 0.10
–0.48/ 0.10

0.40/ 0.65
–0.48/ 0.10
–1.82/–0.24
–0.49/ 0.15
–0.44/ 0.10 

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF

7

8
8
7
8
7

511/13121

1001/28579
1681/28579
1002/26006
2682/28579
3560/26006

671/22327
1082/22327
859/19759

1753/22327
2506/19759

1.08 (0.98–1.19)
1.06 (0.93–1.21)
0.78 (0.63–0.95)
1.07 (0.97–1.17)
0.98 (0.85–1.12)

0.86
0.25
0.22
0.25
0.03

(b) Diuretics vs Calcium Antagonists

–0.23/0.63
–0.23/0.63
–0.25/0.67
–0.23/0.63
–0.25/0.67

CV death
All–cause death

Stroke
CHD
HF

7
8

5
5
2

1211/27637
2829/28579

792/19256
1458/19256
948/18294

771/21387
1867/22327

582/13070
861/13070
681/12098

1.04 (0.95–1.13)
1.03 (0.98–1.09)

0.91 (0.79–1.06)*
1.20 (0.92–1.60)*
0.97 (0.74–1.29)*

0.49
0.61

0.35
0.18
0.08

–0.28/0.63
–0.23/0.63

–1.90/–0.22
–1.90/–0.22
–1.98/–0.24

(c) Diuretics vs ACE-Inhibitors

Stroke + CHD
Stroke + CHD + HF
CV death
All–cause death

Stroke
CHD

5
2
5
5

6
6

2250/19256
3174/18294
1100/19256
2446/19256

804/20350
1473/20350

1443/13070
2104/12098
716/13070

1537/13070

599/14180
882/14180

1.03 (0.87–1.24)*
1.02 (0.85–1.23)*
0.98 (0.90–1.08)*
1.01 (0.95–1.07)*

0.90 (0.81–0.99)*

0.17
0.03
0.90
0.81

0.45
0.19

–1.90/–0.22
–1.98/–0.24
–1.90/–0.22
–1.90/–0.22

–1.82/–0.24

(d) Diuretics vs RAS Blockers

HF
Stroke + CHD
Stroke + CHD + HF
CV death
All–cause death

3
6
3
5
6

954/19338
2277/20350
3207/19338
1100/19256
2469/20350

686/13208
1481/14180
2147/13208
716/13070

1562/14180

1.13 (0.89–1.45)*
0.96 (0.78–1.21)*
1.00 (0.84–1.19)*
0.99 (0.85–1.17)*
0.98 (0.90–1.08)*
1.01 (0.95–1.08)*

0.20
0.19
0.07
0.90
0.89

–1.82/–0.24
–1.89/–0.26
–1.82/–0.24
–1.89/–0.26
–1.90/–0.22
–1.82/–0.24

(e) Diuretics vs All Other Drug Classes

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV death
All–cause death

21
21
12
21
14
17
21

1294/45827
2156/45827
1108/33431
3450/45827
4286/38789
1577/43614
3583/45703

1478/49858
2366/49858
1582/37353
3843/49858
5195/42858
1750/46594
3949/49786

0.96 (0.85–1.08)
1.03 (0.95–1.13)
0.83 (0.73–0.94)
1.00 (0.93–1.08)
0.94 (0.88–1.01)
1.01 (0.94–1.08)
1.02 (0.98–1.06)

0.03
0.09
0.10
0.02
0.02
0.37
0.74

–0.78/0.23
–0.78/0.23
–0.80/0.32
–0.78/0.23
–0.78/0.18
–0.83/0.26
–0.43/0.59

Diuretics better Controls better

0.5 1.0 2.0

FIGURE 2 Comparisons of BP-lowering treatment based on diuretics with treatments based on other drug classes: (a) beta-blockers; (b) calcium antagonists; (c) ACE-
inhibitors; (d) RAS blockers; (e) all other drug classes. From left to right, the columns indicate the type of outcome, the number of trials (or comparisons) analyzed, the
number of events and of patients in each treatment group, the differences between the on-treatment SBP/DBP values in the two treatment groups (the minus sign
indicates a lower BP value in the first group), the risk ratios and 95% confidence intervals calculated by the random-effects model (the asterisk signals values that had to
be adjusted for the SBP/DBP difference), the forest plots of risk ratios and 95% confidence intervals calculated by random-effects model (open circles and dotted lines
indicate risk ratios and 95% confidence intervals calculated with the fixed-effects model, reported only when their statistical significance differed from that of the random-
effects model), P value for heterogeneity. ACE, angiotensin-converting enzyme; BP, blood pressure; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascu-
lar; HF, heart failure; n, number; RAS, renin–angiotensin system; RR, risk ratio; vs., versus.

Outcome incidences in antihypertensive drug comparisons
which P for heterogeneity was greater than 0.1 only min-
imally changed the risk ratio values, but in the case of the
composite outcome of stroke, CHD, and heart failure, the
fixed-effects model changed a nonsignificant risk ratio [0.86
opyright © 2015 Wolters Kluwer Health, Inc. Unau
Journal of Hypertension
(0.73–1.02)] into a significant one [0.88 (0.78–0.99)]. No
trial was found to have an excessive influence.

In the comparison of diuretics with calcium antagonist-
based treatments (Fig. 2b), risk ratios indicate no significant
thorized reproduction of this article is prohibited.
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differences in the risk of any outcome, except for heart
failure, for which a significant 22% lower risk was found in
the diuretic-treated group. There was low to moderate
heterogeneity between the trials considered, and use of a
fixed-effects model confirmed the results of the random-
effects model. ALLHAT was found to exert an excessive
influence, but was limited to the estimation of cardio-
vascular death. Exclusion of the only trial that used a
nondihydropyridine compound [23] left the results of the
meta-analyses unmodified. Addition of three RCTs in which
a calcium antagonist-based treatment was compared with
one in which the investigator had the choice of using either
a diuretic or a beta-blocker [29,54,61] also left the results of
the meta-analyses substantially unmodified.

In the comparison between diuretic and ACE-inhibitor-
based treatments (Fig. 2c), no significant differences
could be found in the risk of any outcome between the
two treatment groups. Between-treatment BP differences
required adjustment that did not modify the risk ratio
significance. When the heterogeneity test allowed the
use of the fixed-effects model, this did not cause any
substantial change. ALLHAT was found to exert an exces-
sive influence, but was limited to all-cause death. However,
when the single trial comparing diuretics with ARBs [30]
was added to compare diuretics with RAS blockers
(Fig. 2d), a 10% lower risk of stroke with diuretics attained
significance [risk ratio 0.90 (0.81–0.99) both by the random
and fixed-effects models], and a significant 10% lower heart
failure risk with diuretics was found with the fixed-effects
model [risk ratio 0.90 (0.82–0.99)]. A lower incidence of
heart failure with diuretics was also found when these
drugs were compared with drugs of any other class [risk
ratio 0.83 (0.83–0.94), random-effects model], whereas no
significant difference was found for the other outcomes
(Fig. 2e). Heterogeneity was low to moderate for all out-
comes.

Beta-blockers versus other drug classes
Comparison of beta-blockers with diuretics has been
reported in the previous section and Fig. 2a. Table 2 and
Fig. 3 summarize comparisons with other classes of BP-
lowering drugs. Whereas no significant difference in the
risk of any outcome was found in the comparison of beta-
blockers and diuretics with the random-effects model
(Fig. 2a), comparing beta-blockers with calcium antagonists
(Fig. 3a) showed that risk of stroke was significantly higher
(25%) with beta-blockers. All the other outcomes were
nonsignificantly different with the two treatments. Hetero-
geneity was low for stroke, and calculation of the stroke risk
ratio by the fixed-effects model confirmed a risk point
estimate of 1.25 (1.11–1.40). Use of the fixed-effects model
to estimate the relative risk of the composite of stroke and
CHD showed a significantly higher risk for beta-blockers
[risk ratio 1.11 (1.04–1.19)], whereas the random-effects
model gave a nonsignificant risk ratio [1.11 (0.97–1.26)]. No
trial appeared to exert an excessive influence.

Separate meta-analyses comparing beta-blocker-based
treatment with either ACE-inhibitors (Fig. 3b) or ARBs
(Fig. 3c) are of uncertain interpretation, each including
only two trials. Comparison of beta-blockers with ACE-
Copyright © 2015 Wolters Kluwer Health, Inc. Unau
1326 www.jhypertension.com
inhibitors did not reveal any significant difference in either
of the two available outcomes, whereas comparison with
ARBs revealed a significantly higher (35%) risk of stroke in
beta-blocker-treated patients. Comparison of beta-blockers
with the combined group of RAS blockers (Fig. 3d) con-
firmed a significant difference limited to stroke [risk ratio
1.32 (1.13–1.54) both with random and fixed-effects
models].

Combining all RCTs in which beta-blockers were com-
pared to treatments based on any other drug class (Fig. 3e)
confirmed a significantly higher (23%) risk of stroke with
beta-blockers than with the other agents considered
together. Heterogeneity was low to moderate for all out-
comes, and when a fixed-effects model could be employed,
risk ratios were very similar to those calculated by the
random-effects model, confirming the only substantial
difference between the effects of beta-blockers and the
other BP-lowering drug classes is limited to the risk
of stroke.

Calcium antagonists versus other drug classes
Comparison of calcium antagonists with diuretics and beta-
blockers has been reported in the previous sections and
Fig. 2b and 3a, showing that the effects of calcium
antagonists were nonsignificantly different from those of
diuretics and beta-blockers for all outcomes, except for
stroke, in which case calcium antagonists appeared signifi-
cantly superior to beta-blockers (Fig. 3a), and heart failure in
which they appeared to be significantly inferior to diuretics
(Fig. 2b). Table 3 and Fig. 4 summarize other comparisons.
Calcium antagonist and ACE-inhibitor-based treatments
were associated with nonsignificantly different risks of all
studied outcomes, with the exception of stroke and heart
failure (Fig. 4a). A lower risk of stroke with calcium antago-
nists did not attain statistical significance when the random-
effects model was used, but became significant with the
fixed-effects model [risk ratio 0.90 (0.82–0.99)]. On the
contrary, risk of heart failure, after correction for the small
BP difference, was 21% more frequent with the calcium
antagonists. Application of a fixed-effects model confirmed
the 21% excess of heart failure with calcium antagonists
compared with the ACE-inhibitors. For CHD and composite
outcomes, heterogeneity between the trials was moderate,
and low for stroke, heart failure, and death. Exclusion from
the meta-analysis of the only trial having used a nondihy-
dropyridine calcium antagonist [23] left the results unmodi-
fied. A significantly higher heart failure incidence (27%)
could also be found when comparing calcium antagonists
with ARBs (Fig. 4b). However, a lower risk of CHD with a
calcium antagonist than an ARB therapy reached statistical
significance when a fixed-effects model could be used [risk
ratio for CHD 0.87 (0.76–0.99)]. Comparison of calcium
antagonists with RAS blockers confirmed a significantly
higher risk of heart failure with calcium antagonists, but also
a lower risk of stroke, which attained statistical significance
both with the random-effects and the fixed-effects models
[risk ratio 0.90 (0.82–0.98)]. For CHD and composite out-
comes, heterogeneity was moderate, but low for stroke,
heart failure, and death. In all these analyses, no trial exerted
an excessive influence.
thorized reproduction of this article is prohibited.
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Outcome
Trials

(n) Beta-Blockers Controls

Events
(n/patients) RR

(95% CI)
RR 

(95% CI)
P

(Heterogen)

Difference
SBP/DBP
(mmHg)

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death

3
3
2
3
2
4
4

637/22084
932/22084
332/20927

1569/22084
1878/20927

796/22525
1765/22525

512/22083
899/22083
323/20906

1411/22083
1707/20906

703/22300

1.25 (1.11–1.40)
1.04 (0.95–1.14)
1.04 (0.80–1.34)
1.11 (0.97–1.26)
1.09 (0.91–1.31)
1.17 (0.93–1.48)
1.08 (0.98–1.18)

0.50
0.36
0.09
0.10

< 0.01   
0.05
0.26

(a) Beta-Blockers vs Calcium Antagonists

0.99/0.72
0.99/0.72
1.08/0.77
0.99/0.72
1.08/0.77
1.01/0.71
1.01/0.71All-cause Death 

CV Death
All-cause Death

4

2
2

44/799
94/799

1634/22300

48/836
100/836

 

1.13 (0.51–2.51)
1.06 (0.68–1.64)

0.09
0.13

(b) Beta-Blockers vs ACE–Inhibitors

–0.46/–1.46
–0.46/–1.46

(c) Beta-Blockers vs Angiotensin Receptor Antagonists

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death
All-cause Death

2
2
2
2
2
1
2

336/5677
205/5677
166/5677
466/5677
632/5677

–
454/5677

249/5715
219/5715
158/5715
468/5715
626/5715

–
408/5715

1.35 (1.16–1.59)
0.94 (0.78–1.13)
1.06 (0.85–1.31)
1.00 (0.88–1.13)
1.01 (0.91–1.12)

–
1.12 (0.98–1.27)

0.55
0.67
0.96
0.43
0.49

–
0.55

0.89/–0.36
0.89/–0.36
0.89/–0.36
0.89/–0.36
0.89/–0.36

0.89/–0.36

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death

3
3
3
3
3
3
4

353/6035
251/6035
175/6035
529/6035
704/6035
278/5387

270/6115
280/6115
170/6115
550/6115
720/6115
252/5441

1.32 (1.13–1.54)
0.92 (0.78–1.08)
1.04 (0.85–1.28)
0.98 (0.87–1.10)
0.99 (0.90–1.09)
1.10 (0.80–1.50)

0.39
0.79
0.88
0.47
0.41
0.18

0.78/–0.46
0.78/–0.46
0.78/–0.46
0.78/–0.46
0.78/–0.46
1.03/–0.56
0.72/–0.50

(d) Beta-Blockers vs RAS Blockers

All-cause Death

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF

4

13
13

7
13

9

548/6474

1171/40381
1568/40381
539/30259

2663/40381
3076/35764

508/6551

958/41445
1558/41445
521/31387

2520/41445
2886/36765

1.08 (0.95–1.24)

1.23 (1.07–1.42)
1.01 (0.93–1.11)
1.05 (0.93–1.18)
1.06 (0.98–1.16)
1.09 (0.99–1.19)

0.35

0.05
0.21
0.58
0.06
0 01

0.80/0.29
0.80/0.29
0.82/0.33
0.80/0.29
1.23/0.42

(e) Beta-Blockers vs All Other Drug Classes

CV Death
All-cause Death

12
15

1322/39608
2775/40750

1213/39717
2653/41974

 
1.08 (0.95–1.24)
1.06 (0.99–1.13)

0.03
0.32

Beta-Blockers better Controls better

0.5 1.0 2.0

0.85/0.27
0.79/0.27

FIGURE 3 Comparisons of BP-lowering treatment based on beta-blockers with treatments based on other drug classes: (a) calcium antagonists; (b) ACE-inhibitors;
(c) angiotensin receptor blockers; (d) RAS blockers; (e) all other drug classes. ACE, angiotensin-converting enzyme; BP, blood pressure; CHD, coronary heart disease;
CI, confidence interval; CV, cardiovascular; HF, heart failure; n, number; RAS, renin–angiotensin system; RR, risk ratio. Other explanations as in Fig. 2.

Thomopoulos et al.
The large combined meta-analysis comparing calcium
antagonist-based treatment with treatment based on any
other drugs (Fig. 4d) showed a significantly lower (�12%)
incidence of stroke and a significantly higher (19%) inci-
dence of heart failure with the calcium antagonist treat-
ment. Risk of all-cause death was also slightly (�3%) but
significantly lower with calcium antagonists. No significant
difference was found for other outcomes (low heterogen-
eity). The decreases in stroke and all-cause death risk were
confirmed by using a fixed-effects model. No trial exerted
an excessive influence.

Further separate analyses were done of RCTs com-
paring dihydropyridine and nondihydropyridine calcium
Copyright © 2015 Wolters Kluwer Health, Inc. Unau
1328 www.jhypertension.com
antagonists with any other classes of BP-lowering drugs
(Table 3e and f). The separate meta-analyses largely con-
firmed the results of the meta-analysis including the two
calcium antagonist subclasses together. However, whereas
a higher risk of heart failure was significant with either
subclass, and was quantitatively similar (Fig. 4e), a lower
risk of stroke, cardiovascular, and all-cause death attained
significance with dihydropyridines only (Fig. 4e).

Angiotensin-converting enzyme-inhibitors
versus other drug classes
Figures 2c, 3b, and 4a show that the effects of ACE-inhibi-
tors were not significantly different from those of diuretics
thorized reproduction of this article is prohibited.
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Outcome
Trials

(n)
Calcium 

Antagonists Controls

Events
(n/patients)

RR
(95% CI)

RR 
(95% CI)

P
(Heterogen)

(a) Calcium Antagonists vs ACE-Inhibitors

Difference
SBP/DBP

(mmHg)

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death
All-cause Death

8
8
6
9
6
8
8

631/ 13491
1050/ 13491

914/ 13197
1692/ 13794
2563/ 13197

833/ 13592
1673/ 13480

715/ 13488
978/ 13488
779/ 13197

1706/ 13789
2452/ 13197

862/ 13828
1762/ 13716

0.92 (0.80–1.06)*
1.29 (0.99–1.67)*
1.21 (1.10–1.32)*
1.13 (0.94–1.37)*
1.14 (0.98–1.35)*
0.98 (0.90–1.08)*
0.96 (0.90–1.03)*

0.34
0.03
0.95
0.01
0.01
0.95
0.98

–1.14/–1.08
–1.14/–1.08
–1.09/–1.07
–1.07/–1.03
–1.09/–1.07
–1.03/–0.99
–1.14/–1.06

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death
All-cause Death

5
5
5
5
5
2
5

401/ 11782
409/ 11782
570/ 11782
810/ 11782

1380/ 11782
341/  8163

1055/ 11782

459/ 11867
476/ 11867
467/ 11867
935/ 11867

1368/ 11867
356/  8228

1080/ 11867

0.88 (0.73-1.07)
0.88 (0.69-1.12)
1.37 (1.01-1.85)
0.88 (0.72-1.07)
1.12 (0.92-1.35)
0.90 (0.67-1.22)
0.98 (0.91-1.06)

0.25
0.17
0.02
0.05

< 0.01   
0.14
0.68

(b) Calcium Antagonists vs Angiotensin Receptor Blockers

–0.99/–0.77
–0.99/–0.77
–0.99/–0.77
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Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death
All–cause Death

13
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11
14
11
10
13

1032/ 25273
1459/ 25273
1484/ 24979
2502/ 25576
3943/ 24979
1174/ 21755
2728/ 25262

1174/ 25355
1454/ 25355
1246/ 25064
2641/ 25646
3820/ 25064
1218/ 22056
2842/ 25583

0.91 (0.82–0.99)*
1.08 (0.91–1.29)*
1.27 (1.14–1.42)*
1.00 (0.89–1.15)*
1.13 (1.02–1.25)*
0.98 (0.91–1.06)*
0.98 (0.93–1.03)*

0.35
< 0.01   

0.22
< 0.01   
< 0.01   

0.89
0.98

–1.07/–0.93
–1.07/–0.93
–1.04/–0.93
–1.03/–0.91
–1.04/–0.93
–0.97/–0.97
–1.07/–0.92

(c) Calcium Antagonists vs RAS Blockers

Stroke
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death
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27
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28
23
24

2130/ 74224
2958/ 74224
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2334/ 69766

3363/ 91999
4544/ 91999
2910/ 87978
7920/ 92300

10616/ 87978  
3704/ 88199

0.88 (0.84–0.93)
1.00 (0.93–1.08)
1.19 (1.09–1.30)
0.95 (0.90–1.01)
1.04 (0.98–1.10)
0.96 (0.92–1.01)

0.45
< 0.01   

0.02
< 0.01   
< 0.01   

0.48

–0.29/–0.72
–0.29/–0.72
–0.30/–0.74
–0.28/–0.71
–0.30/–0.74
–0.23/–0.72

(d) Calcium Antagonists vs All Other Drug Classes

All-cause Death

Stroke

CHD

HF

28

23
4

23
4

19
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1661/ 49144
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2187/ 49144
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1769/ 45105

8352/ 92668

2844/ 66690
519/ 25309

3773/ 66690
771/ 25309

2582/ 62669

0.97 (0.94–0.99)

0.88 (0.83–0.93)
0.92 (0.76–1.11)
1.00 (0.92–1.10)
0.99 (0.82–1.19)

0.93

0.56
0.13

< 0.01   
0.07

–0.30/–0.71

–0.73/–0.94
0.82/–0.16

–0.73/–0.94
0.82/–0.16

DHP
N–DHP
DHP
N–DHP
DHP

(e) Calcium Antagonists vs All Other Drug Classes,
separately for Dihydropyridines and Non–dihydropyridines

HF

Stroke + CHD

Stroke + CHD + HF

CV Death

All-cause Death

4
23

5
19

4
19

5
24

4

380/ 25080
3845/ 49144
1254/ 25383
5452/ 45105
1620/ 25080
1617/ 44383
717/ 25383

4088/ 49133
1443/ 25080

328/ 25309
6617/ 66690
1303/ 25610
8998/ 62669
1618/ 25309
3010/ 62589

694/ 25610
6908/ 67359
1444/ 25309

1.20 (1.08–1.33)
1.17 (1.01–1.35)
0.95 (0.89–1.02)
0.97 (0.90–1.05)
1.05 (0.98–1.13)
1.01 (0.94–1.08)
0.94 (0.89–0.99)
1.04 (0.94–1.15)
0.96 (0.93–0.99)

< 0.010 
0.83

< 0.01   
0.58

< 0.01   
0.47
0.44
0.79
0.93
0.66

–0.78/–0.99
0.82/–0.16

–0.73/–0.94
0.83/–0.15

–0.78/–0.99
0.82/–0.16

–0.69/–0.96
0.82/–0.16

–0.74/–0.93

DHP
N–DHP
DHP
N–DHP
DHP
N–DHP
DHP
N–DHP
DHP

4 1.01 (0.94–1.08)

Calcium Antagonists better Controls better

0.5 1.0 2.0

0.82/–0.16N–DHP

FIGURE 4 Comparisons of BP-lowering treatment based on calcium antagonists with treatments based on other drug classes: (a) ACE-inhibitors; (b) angiotensin receptor
blockers; (c) RAS blockers; (d) all other drug classes. In (e) the comparison of calcium antagonists with all other drug classes is made separately for dihydropyridine (DHP,
filled squares) and nondihydropyridine (N-DHP, open squares) calcium antagonists. ACE, angiotensin-converting enzyme; BP, blood pressure; CHD, coronary heart disease;
CI, confidence interval; CV, cardiovascular; HF, heart failure; n, number; RAS, renin–angiotensin system; RR, risk ratio. Other explanations as in Fig. 2.
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C

Outcome incidences in antihypertensive drug comparisons
on all outcomes; did not differ from those of beta-blockers
as far as mortality was concerned; and differed from those
of calcium antagonists in being significantly more effective
in the prevention of heart failure and marginally less effec-
tive on stroke risk. Table 4a indicates comparison of ACE-
inhibitor with ARB-based treatment, and Fig. 5a shows that
the two treatments had the same effect on all outcomes.
However, 17 118 of the 17 728 patients were from the
ONTARGET trial [55], so the meta-analysis substantially
reflected the results of the ONTARGET trial.

A meta-analysis of RCTs comparing ACE-inhibitor-based
treatment with treatment based on any other BP-lowering
drug (Table 4b) shows the two types of treatment were not
associated with differences in the risk of any outcome,
except for stroke and CHD. Indeed, ACE-inhibitor treat-
ment, even after adjustment for a small SBP/DBP difference
in favor of other drugs, was associated with a slightly but
significantly higher risk of stroke [risk ratio 1.08 (1.01–1.14)]
and with a slightly but significantly lower CHD risk [risk
ratio 0.91 (0.83–0.99)] (Fig. 5b).

Angiotensin receptor blockers versus other
drug classes
The previous sections, tables, and figures have shown that
only one relatively small RCT was available for comparing
an ARB with diuretic therapy (Table 1d); this class was more
effective than beta-blockers on the risk of stroke, but not on
the risk of all other outcomes (Fig. 2c); this class was more
effective than calcium antagonists on the risk of heart
failure, but marginally less effective than these compounds
on the risk of CHD (Fig. 4b); and equally effective as ACE-
inhibitors on all types of outcome (Fig. 5a). An additional
comparison is shown in Table 4c of ARBs with ‘conven-
tional’ therapy. Despite the smallness of the sample, a
significant 27% lower risk of stroke was found with ARBs
(both by random-effects and fixed-effects models). All
other outcomes were not significantly influenced by either
therapy versus the other (Fig. 5c). No single RCT was found
to exert an excessive influence.

Comparison of ARB therapy with all other drug classes
(Table 4d) did not show significantly different risk ratios for
all outcomes, except for CHD events, for which a 10%
higher risk was found with ARB therapy, which attained
statistical significance when the fixed-effects model was
used [risk ratio 1.10 (1.01–1.19)] (Fig. 5d).

Other comparisons
When RCTs comparing either ACE-inhibitors or ARBs with
drugs of other classes were analyzed together (RAS block-
ers; Table 4e), there was a moderate degree of heterogen-
eity for most outcomes, but risk ratios were very close to
unity for all outcomes, with the single exception of heart
failure that was 12% lower in the RAS blocker group
(Fig. 5e). No trial exerted an excessive influence.

If also beta-blockers were included among RAS blockers
(30 RCTs with 33 comparisons in 147 579 patients) and ACE-
inhibitors, ARBs and beta-blockers were compared with
diuretics and calcium antagonists, heterogeneity was mod-
erate for most of the outcomes. Risk ratios of all outcomes
were very close to unity, with rather narrow CIs, with the
opyright © 2015 Wolters Kluwer Health, Inc. Unau
Journal of Hypertension
only exception of stroke, the risk of which was significantly
higher (15%) in the group of the antihypertensive agents
including ACE-inhibitors, ARBs, and beta-blockers.

Influence of total cardiovascular risk on the
effects of blood pressure-lowering drug classes
Numbers of trial comparisons and of patients for each
testing are indicated in Fig. 6. With a few exceptions, the
number of trial comparisons was substantial and the num-
ber of patients large, the few exceptions being: in the
comparison of beta-blockers with all other classes, there
were only two trials giving data on heart failure in the high-
risk and the very-high-risk strata; in the comparison of ACE-
inhibitors with all other classes, only two trials gave heart
failure data in the high-risk stratum; and in the comparison
of ARBs with other classes, only two trials provided infor-
mation on cardiovascular death in the low-to-moderate risk
stratum, with only six events reported.

Figure 6 shows that for no class of BP-lowering drugs
was there a significant trend toward increasing or decreas-
ing relative effectiveness with increasing cardiovascular
risk.

Publication bias
For this assessment, reference is made to online Supple-
mental Figs. S1–5a–g (http://links.lww.com/HJH/A487)
and Tables S4–S8 (http://links.lww.com/HJH/A487).
Although graphic representations could not exclude pub-
lication bias in a number of cases, in most of these cases,
significant bias was denied by the trim-and-fill method.
Publication bias could not be denied only in the compari-
son of ACE-inhibitors versus all other drug classes for
CHD events.

DISCUSSION

Strengths of the analyses
This is the most comprehensive, updated, and specific set of
meta-analyses of RCTs with head-to-head comparisons of
BP-lowering drugs so far published. It is the most compre-
hensive and updated one because it includes all head-to-
head comparisons of antihypertensive drug classes since
1966 (but the first published comparisons are dated 1985
[43,45]) up to August 2014, and the most specific set
because it includes only RCTs in which BP-lowering drugs
were used in hypertensive patients or in cohorts with at
least 40% of hypertensive patients. Indeed, of the 50 trials
included for 58 comparisons in 247 006 individuals, only
five trials [25,55,57–59] were not entirely in hypertensive
patients [although in these 5 trials, prevalence of hyperten-
sion ranged between 60 and 88% (Table S1)]. Thus, only
6023 of the 247 006 individuals included in our meta-
analyses were not hypertensive.

Ours is the most comprehensive set of meta-analyses of
direct drug class comparisons also because it includes all
available direct comparisons of drugs belonging to the five
classes of BP-lowering drugs, and usefully complements
our recently published set of meta-analyses of 55 trials in
195 267 patients, in which individual classes of drugs were
compared with placebo [4]. The meta-analysis by Psaty et al.
thorized reproduction of this article is prohibited.
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C

Outcome

Storke

Trials
(n)

3

ACE-Inhibitors Controls

Events
(n/patients)

RR
(95% CI)

1.09 (0.95–1.25) 

RR 
(95% CI)

P
(Heterogen)

0.95

(a) ACE-Inhibitors vs Angiotensin Receptor Blockers

Difference
SBP/DBP
(mmHg)

1.01/0.61
CHD
HF
Stroke + CHD
Stroke + CHD + HF
CV Death
All-cause Death

3
3
3
3
3
2
2

413/8886
423/8886
364/8886
836/8886

1200/8886
605/8706

1020/8706

377/8842
453/8842
406/8842
830/8842

1236/8842
601/8662
995/8662

0.93 (0.82–1.06)
0.89 (0.78–1.02)
1.00 (0.91–1.10)
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FIGURE 5 Comparisons of BP-lowering treatment based on (a) ACE-inhibitors versus angiotensin receptor blockers; (b) ACE-inhibitors versus all other drug classes;
(c) angiotensin receptor blockers versus conventional therapy; (d) angiotensin receptor blockers versus all other drug classes; (e) RAS blockers versus all other drug classes.
Explanations and abbreviations as in Fig. 2. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BP, blood pressure; CHD, coronary heart disease;
CI, confidence interval; CV, cardiovascular; HF, heart failure; n, number; RAS, renin–angiotensin system; RR, risk ratio. Other explanations as in Fig. 2.

Outcome incidences in antihypertensive drug comparisons
[6], though specific for trials in hypertension, could not
survey trials published after 2002, and focused on compari-
sons of diuretics versus other classes. The Blood Pressure
Lowering Treatment Trialists’ Collaboration (BPLTTC)
meta-analyses [8,9] were purposefully limited to trials after
opyright © 2015 Wolters Kluwer Health, Inc. Unau
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1995 [67], the individual data of which were made available
to the collaboration. Furthermore, in the BPLTTC meta-
analyses, data of trials using diuretics and beta-blockers as
comparative agents were pooled together, thus preventing
the comparison of several individual classes of drugs. The
thorized reproduction of this article is prohibited.
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FIGURE 6 Influence of total cardiovascular risk on the effects of different BP-lowering drug classes. In each of the six sections of this figure (each summarizing the
comparisons of a drug class versus all the others) trials have been stratified according to the level of total cardiovascular risk [assessed as cardiovascular death (CVD) rate
extrapolated to 10 years: low-moderate (LM) risk <5% in 10 years; high (H) risk 5 to <10% in 10 years; very high (VH) �10% in 10 years]. The last column in each
section reports P values for trend. The following RCTs were included: diuretics vs. all, LM risk [24,28,30,37,43,47,49,53,56,64,66], H risk [19,21,41,52,63], VH risk
[20,39,50,60]; beta-blockers vs. all, LM [24,30,34,37,43,49,64], H [17,22,46,63], VH [42,50,62]; calcium antagonists vs. all, LM [23,25,28,34–36,44,45,47,53,66],
H [17–19,22,27,29,41,51,54,65], VH [20,40,42,48,60,61]; ACE-inhibitors vs. all, LM [23,25,26,31,35,36,44,45,56,57,59], H [17,18,21,52,58], VH [20,39,55,61,62];
angiotensin receptor blockers vs. all, LM [30–32,59], H [27,38,46,51,65], VH [33,40,48,55]; RAS blockers vs. all, LM [23,25,26,30,32,35,36,44,45,56,57],
H [17,18,21,27,38,46,51,52,58,65], VH [20,33,39,40,48,61,62]. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BP, blood pressure; CHD,
coronary heart disease; CI, confidence interval; CV, cardiovascular; HF, heart failure; n, number; RAS, renin–angiotensin system; RR, risk ratio.
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Cochrane Collaboration meta-analysis by Wiysonge et al.
[13] and that by Lindholm et al. [12] were focused on
comparing beta-blockers with other drug classes. Like-
wise, other meta-analyses [9,11,14,16] were limited to the
effects of a class of drugs versus other classes, some
mixed placebo-controlled with active-controlled trials
[16] or included trials in which antihypertensive drugs
had been used in cardiovascular conditions different
Copyright © 2015 Wolters Kluwer Health, Inc. Unau
1334 www.jhypertension.com
from hypertension [11,16]. The most extensive meta-
analysis of head-to-head drug comparisons published
so far – that by Law et al. [10] – is limited to trials
published before the end of 2007, is inclusive of trials
in myocardial infarction and heart failure patients, and
only provides pooled data of the comparisons of each of
the five major classes of BP-lowering drugs with any
other class.
thorized reproduction of this article is prohibited.
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FIGURE 7 Summary results of the direct comparisons of the major classes of BP-lowering drugs on seven major outcomes. The yellow cases signal nonsignificant
differences in risk between the drug class indicated in the heading of each vignette and those indicated on top of each column. The green cases signal significantly lower
risk of a given outcome with the drug indicated in the heading compared to the drug class on the top of each column. The red cases indicate significantly higher risk of a
given outcome with the drug class in the heading when compared to the drug class on the top of a column. Cases with two different colors signal different significance
of drug class comparisons when the random-effects model (upper, left triangle) and the fixed-effects model (lower, right triangle) are used. The last column in each
vignette reports the results of placebo-controlled comparisons of each drug class as calculated in a parallel set of meta-analyses [4]. ACEI, angiotensin-converting enzyme
inhibitors; ALL, all other drug classes; ARB, angiotensin receptor blockers; BB, beta-blockers; BP, blood pressure; CA, calcium antagonists; CHD, coronary heart disease; CV,
cardiovascular; D, diuretics, HF, heart failure; NA, not assessed; PL, placebo; RASB, renin–angiotensin system blockers; St, stroke; vs., versus.

Outcome incidences in antihypertensive drug comparisons
Overview of the results
Figure 7 provides an overview of the results of the many
direct comparisons of the major classes of BP-lowering
drugs on seven major outcomes. The yellow cases signal
nonsignificant differences in risk between the drug class
indicated in the heading of each vignette and those indi-
cated on top of each column. The green cases signal
significantly lower risk of a given outcome, with the drug
class indicated in the heading compared to the drug class on
the top of each column, and the red cases indicate signifi-
cantly higher risk of a given outcome, with the drug class in
the heading when compared to the drug class on the top of
a column. Two-colour cases indicate significant differences
opyright © 2015 Wolters Kluwer Health, Inc. Unau
Journal of Hypertension
(lower or higher risk) only found with the fixed-effects
model.

It is apparent from Fig. 7 that the yellow-color cases
widely predominate and that all classes of agents appear to
be equivalent on most outcomes when their BP effect is
equivalent. However, a nonsignificant difference in the risk
of a given outcome between two drug classes cannot be
automatically translated into an equivalent ‘efficacy’ of the
two classes in ‘reducing’ the risk of that outcome, unless
both classes have been shown to be significantly more
effective than placebo in reducing that risk. For this reason,
the last column of each vignette in Fig. 7 reports the results
of our recent meta-analyses on the effects of each drug class
thorized reproduction of this article is prohibited.
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versus placebo [4]. As reported in that set of meta-analyses,
whereas there is evidence of the reduction in stroke and
composite cardiovascular event risk for all drug classes
versus placebo, for some drug classes (beta-blockers,
ACE-inhibitors, ARBs, and RAS blockers), evidence of
reduced mortality versus placebo is lacking.

Despite the predominant similarities of the results of
different drug classes on most of the outcomes, there are
also differences that involve almost all classes of drugs
(Fig. 7). Diuretics are superior to calcium antagonists,
RAS blockers, and all other classes together in the preven-
tion of heart failure, and to RAS blockers in the prevention
of stroke. Beta-blockers are inferior to all other individual
classes, except diuretics, but superior to placebo [4] in the
prevention of stroke. Their action is not significantly differ-
ent from that of the other drug classes on the risk of all other
outcomes, however. Calcium antagonists are superior to
beta-blockers, ACE-inhibitors, RAS blockers, and all other
drug classes together in the prevention of stroke, and
significantly superior to ARBs on the risk of CHD, but
inferior to all other individual drug classes (except beta-
blockers) and to all other classes together on the risk of
heart failure. In comparison with all other drug classes
together, calcium antagonists are also slightly, but signifi-
cantly, more effective in prevention of all-cause death.
Evidence for this effect on risk of death is limited to the
subclass of dihydropyridines. In comparison with calcium
antagonists, ACE-inhibitors are significantly more effective
in the prevention of heart failure, but less effective in the
prevention of stroke. When compared to all other drug
classes together, ACE-inhibitors are significantly more
effective in the prevention of CHD, and significantly less
effective in the prevention of stroke. ARBs are significantly
more effective than beta-blockers in the prevention of
stroke and more effective than calcium antagonists in the
prevention of heart failure, but inferior to calcium
antagonists and all other drug classes together on the risk
of CHD. Finally, considering ACE-inhibitor and ARBs
together as RAS blockers, these appear to be significantly
more effective than beta-blockers, but less effective than
diuretics and calcium antagonists in reducing the risk of
stroke, and significantly superior to calcium antagonists and
all other drug classes together, but less effective than
diuretics in reducing the risk of heart failure.

Figure 8 summarizes the results of the drug class com-
parisons by individual outcomes. As far as the risk of stroke is
concerned, diuretics appear to be superior, not only to
placebo, but also to RAS blockers; beta-blockers, though
superior to placebo, appear to be inferior to calcium anta-
gonists, ARBs, RAS blockers, and all other classes together;
calcium antagonists are superior, not only to placebo, but
also to beta-blockers, ACE-inhibitors, RAS blockers, and all
other classes together; ACE-inhibitors are superior to
placebo, but inferior to calcium antagonists and all other
classes together; ARBs are superior to placebo and beta-
blockers; RAS blockers are superior to placebo and beta-
blockers, but inferior to diuretics and calcium antagonists.

As far as the risk of CHD events is concerned, calcium
antagonists are better than ARBs, though both have not
been shown to be significantly better than placebo; ACE-
inhibitors are superior to all other drug classes together, but
Copyright © 2015 Wolters Kluwer Health, Inc. Unau
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not significantly better than each individual class; ARBs
appear to be inferior not only to calcium antagonists but
also to all other classes together.

As far as the risk of heart failure is concerned, diuretics
are not only better than placebo, but also better than
calcium antagonists, RAS blockers, and all other drug
classes together; beta-blockers are superior to placebo,
but not significantly different from any other class, con-
sidered separately and together; calcium antagonists are not
significantly different from placebo and inferior to all other
individual classes except beta-blockers; ACE-inhibitors and
ARBs are superior to placebo and to calcium antagonists;
RAS blockers are superior to placebo, calcium antagonists,
and all other drugs together, but inferior to diuretics.

Concerning the composite outcome of stroke and CHD,
there is only a significant superiority of calcium antagonists
over beta-blockers, whereas for the composite events also
including heart failure, there is a marginally significant
superiority of diuretics over beta-blockers and a significant
superiority of RAS blockers (but not individually of either
ACE-inhibitors or ARBs) over calcium antagonists.

As to cardiovascular and all-cause mortalities, there is no
significant risk difference with any head-to-head compari-
son of different drug classes, except for a slight, but sig-
nificant superiority of calcium antagonists in the pooled
comparison with all other drug classes in reducing risk of
all-cause death. As previously reported [4], evidence of
superiority over placebo in reducing mortality risk is
restricted to diuretics and calcium antagonists.

In summary, if the comparison of each drug class with all
others together can be thought to provide an overall assess-
ment of their advantages and disadvantages, it can be said
that diuretics have advantages over the rest of the drug
classes on heart failure risk, beta-blockers have disadvan-
tages on stroke risk, calcium antagonists have advantages
on stroke and all-cause mortality and disadvantages on
heart failure risk, ACE-inhibitors have advantages on
CHD risk and disadvantages on stroke risk, and ARBs have
some disadvantage on CHD risk.

In this context, also the results summarized in Fig. 6
deserve some comment. When trials were stratified accord-
ing to overall cardiovascular risk, no single class of drug
compared to all other classes together appeared to change
its relative effectiveness at different levels of risk and thus to
be specifically preferable to lower or higher levels of risk.
This further extends to individual drug classes the evidence
provided by previous meta-analyses [3,68] that the relative
risk reduction by BP-lowering treatment does not change
with the overall cardiovascular risk of the patients.

Comparisons with previous meta-analyses
Comparing the results of our meta-analyses with those of
the previous ones is difficult because of the reasons detailed
above. The easiest comparison is with the Cochrane Col-
laboration’s meta-analyses of the effects of beta-blockers
versus other individual classes of drugs [13], which have
used selection criteria similar to ours with very similar
results. The same can be said of Lindholm et al.’s [12]
meta-analysis of beta-blockers compared with all other
drug classes. Comparison of any individual class with drugs
of all other classes gave substantially similar results in our
thorized reproduction of this article is prohibited.
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FIGURE 8 Summary results of the direct comparisons of the major classes of BP-lowering drugs grouped in vignettes each referring to one of the seven outcomes
considered. Colors refer to the comparisons of each class on the top of the column with each class at the left of each row. Yellow, nonsignificant difference; green, lower
risk with class on top of the column versus class at the left of the row; red, higher risk with class on top of the column versus class at the left of the row. Two-color cases
indicate comparisons with different significance of random-effects and fixed-effects models (as in Fig. 7). ACEI, angiotensin-converting enzyme inhibitors; ALL, all other
drug classes; ARB, angiotensin receptor blockers; BB, beta-blockers; BP, blood pressure; CA, calcium antagonists; CHD, coronary heart disease; CV, cardiovascular; D,
diuretics, HF, heart failure; NA, not assessed; PL, placebo; RASB, renin–angiotensin system blockers; St, stroke; vs., versus.

Outcome incidences in antihypertensive drug comparisons
meta-analysis and the previous meta-analysis by Law et al.
[10], with the exception that a small inferiority of ACE-
inhibitors on stroke risk and a small superiority of this drug
class on CHD risk attained statistical significance in our
opyright © 2015 Wolters Kluwer Health, Inc. Unau
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meta-analysis, but not in Law et al.’s meta-analysis. Our
results on the comparison of calcium antagonists with all
other classes together were similar not only to those of Law
et al. [10] but also to those of Costanzo et al. [14]. The same
thorized reproduction of this article is prohibited.
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can be said for our comparison of ARBs with all other classes
and the results ofBangalore et al.’s [11]meta-analysis and that
of ours. Costanzo et al. [14] and the BPLTTC [7,8] also provide
data on the comparison of calcium antagonists and ACE-
inhibitors, with similar results to ours as far as the calcium
antagonist inferiority on heart failure risk is concerned,
whereas the superiority we found of calcium antagonists
over ACE-inhibitors on stroke risk only attained statistical
significance in Costanzo et al.’s [14] meta-analysis.

Limitations of the analyses
Although the present set of meta-analyses counts upon a
very large number of RCTs (50 for 58 comparisons) and a
huge number of patients (247 006), it also has limitations.
First, the number of RCTs reporting heart failure as an
outcome is smaller than that of RCTs reporting the other
outcomes. Furthermore, onset of heart failure is a softer
endpoint, which may be simply masked, rather than pre-
vented, by those classes of BP-lowering drugs that are
known to be effective on heart failure symptoms. Second,
for some comparisons, only two RCTs were available for
analysis (Figs. 2a and c; 3a–c; 4b; 5a). Third, for some
comparisons, a large trial exerted an excessive influence on
the meta-analysis, this occurring particularly for the direct
comparison between ACE-inhibitors and ARBs largely
dominated by the ONTARGET results. Fourth, although
heterogeneity was in most cases low to moderate (I2

<75%), in many cases, it was not negligible and thus
prevented the calculation of risk ratios by the fixed-effects
model. Fifth, although head-to-head comparison of active
BP-lowering compounds assumes an equal BP-lowering in
the two arms of each comparison, there were small but
presumably non-negligible SBP/DBP differences in several
comparisons (particularly those between diuretics and
ACE-inhibitors or RAS blockers, favoring diuretics; between
calcium antagonists and ACE-inhibitors or RAS blockers,
favoring calcium antagonists; between ACE-inhibitors and
all other classes, favoring the other classes). Whenever the
mean of the SBP/DBP difference was greater than 1 mmHg,
adjustments were made on the basis of our recent meta-
regression analysis based on the logarithmic relationship of
risk ratios with the extent of BP differences in 47 RCTs of
intentional BP-lowering [1]. These adjustments, though
seldom done in previous meta-analyses, are imperative
since a BP difference is one of the most powerful causes
of risk differences, but in some cases widened the CIs, thus
reducing the chance of attaining statistical significance.
Sixth, some of the risk differences that achieved statistical
significance were rather small and their clinical importance
is open to discussion. Seventh, RCTs were commonly
classified as comparison of the initial agents used in the
two groups being compared, but most of the trials, especi-
ally the most recent ones, allowed or even prescribed
addition of one or more drugs in order to achieve a BP
goal. So, comparisons are often not between two different
drug classes, but rather between two regimens initiated by
drugs belonging to two different classes. Eighth, as usually
occurs with large sets of meta-analyses, ours is based on
multiple testing, and it cannot be ruled out that some of the
‘significant’ differences in risk may well be due to chance.
Finally, we have carefully compared the effectiveness of the
Copyright © 2015 Wolters Kluwer Health, Inc. Unau
1338 www.jhypertension.com
various drug classes, but we do not present any data of
comparative tolerability. Although tolerability is an equally
important aspect of drug treatment as BP-lowering efficacy,
the tolerability data are differently reported in each RCT
publication and do not lend themselves easily to meta-
analysis. Furthermore, in RCTs, tolerability to randomized
drugs is necessarily lower than in real practice, since in a
RCT, a patient intolerant to the randomized drug has the
only choice between continuing to suffer the adverse event
or withdrawing from the trial.

Clinical conclusions
Comparing BP-lowering treatments initiated by different
drug classes has widely been carried out during the past
30 years in view of establishing, so to say, an order of
preference of the several agents in the practice of anti-
hypertensive therapy, the so-called step-care approach,
initiated by the first report of the Joint National Committee
[69] and the 1978 report of the WHO [70]. The large number
of RCTs completed and the number of patients included has
allowed a comprehensive analysis of the results of these
RCTs, and a critical assessment of these results can provide
support to practical recommendations.

As illustrated in this study, the widely predominant result
of the multiple drug comparisons available is that there are
no significant differences between drug classes for most
outcomes, and this despite the fact that most comparisons
were founded on a large number of patients and events,
and therefore had considerable statistical power. There are
some consistent differences, however, that cannot be neg-
lected, with some drug classes combining inferiority for an
outcome risk with superiority for the risk of another out-
come. As a consequence, the picture emerging from a
comprehensive and critical survey of all available evidence
is not one that may strongly support a step-care or any other
overall treatment paradigm. Undoubtedly, there are classes
of compounds, such as calcium antagonists, that appear
more effective in preventing stroke; other classes, such as
ACE-inhibitors, that appear more effective against the risk of
CHD; and other classes which appear definitely more effec-
tive in the prevention of heart failure onset, such as RAS
blockers and, particularly, diuretics. This may provide a
guide to drug choice when a specific outcome is the prevail-
ing target of treatment, but in usual practice antihypertensive
treatment is directed toprevent a cardiovascular outcome the
type and location of which cannot be predicted [71].

Our recent meta-analyses summarizing the results of
placebo-controlled BP-lowering treatment trials definitely
show that BP-lowering is of substantial benefit in preventing
all types of outcomes [1] and that all drug classes can reduce
the risk of stroke and of the composite of major cardiovas-
cular events [4]. Our present set of meta-analyses shows that
there are limited systematic differences between the avail-
able classes of BP-lowering drugs, particularly when the
composite of cardiovascular outcomes to be prevented is
considered. Previous meta-analyses by the BPLTTC have
clearly shown that the preventive effectiveness of the various
drug classes does not differ by age [72], sex [73], and BMI
criteria [74], and therefore these easily defined criteria are not
useful for the choice of the drug. Some of the meta-analyses
reported in this study add the important new information that
thorized reproduction of this article is prohibited.
Volume 33 � Number 7 � July 2015



C

Outcome incidences in antihypertensive drug comparisons
the effect of any drug class on the risk of any outcome does
not significantly change with the level of total cardiovascular
risk, and, therefore, also the total cardiovascular risk cannot
be a guide to drug choice.

In conclusion, the main goal of antihypertensive treat-
ment is BP-lowering, and effectiveBP-lowering (i.e. achieve-
ment and maintenance of the optimal BP target) is an
objective to be attained by a careful search in the individual
patient, being the result of the individually different BP
responsiveness to the various agents (which conditions BP
target achievement) and the individual tolerability of the
prescribed drugs (which conditions BP target maintenance).
This goal seems best attainable by avoiding the constraints of
ill-founded or uncertain criteria, which sometimes are more
attractive for guidelines authors or experts’ debates than
useful to practicing physicians and individuals with hyper-
tension. The flexible approach to drug choice presented in
the European Society of Hypertension (ESH) and the Euro-
pean Society of Cardiology (ESC) hypertension guidelines
[75] is strongly supported by results of this set of meta-
analyses and those we have recently published [1–4]. The
subtle differences in the effects of the various drug classes on
different outcomes may suggest some choice when in the
continuum of cardiovascular disease [76,77], one type of
event may become more likely to occur, or, in the frequent
occasions in which combination therapy is used, they may
suggest the combination of agents with complementary
effectiveness on different cardiovascular events. Finally,
within the continuum of cardiovascular disease in which
onset and progression of organ damage is an important step,
possible differences in the effects of various BP-lowering
drugs on organ damage (obviously out of the scope of the
present meta-analyses) may influence the drug choice, as
suggested by ESH–ESC guidelines [75].
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