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SUHTHTINY

Background Atenolol is one of the most widely used {3 blockers clinically, and has often been used as a reference
drug in randomised controlled trials of hypertension. However, questions have been raised about atenolol as the
best reference drug for comparisons with other antihypertensives. Thus, our aim was to systematically review the
effect of atenolol on cardiovascular morbidity and mortality in hypertensive patients.

Methiods Reports were identified through searches of The Cochrane Library, MEDLINE, relevant textbooks, and by
personal communication with established researchers in hypertension. Randomised controlled trials that
assessed the effect of atenolol on cardiovascular morbidity or mortality in patients with primary hypertension
were included.

Findings We identified four studies that compared atenolol with placebo or no treatment, and five that compared
atenolol with other antihypertensive drugs. Despite major differences in blood pressure lowering, there were no
outcome differences between atenolol and placebo in the four studies, comprising 6825 patients, who were
followed up for a mean of 4-6 years on all-cause mortality (relative risk 1-01 [95% CT 0-89-1-15]), cardiovascular
mortality (0-99 [0-83-1-18]), or myocardial infarction (0-99 [0-83-1-19]). The risk of stroke, however, tended to be
lower in the atenolol than in the placebo group (0-85 [0-72-1-01]). When atenolol was compared with other
antihypertensives, there were no major diflferences in blood pressure lowering between the treatment arms. Our
meta-analysis showed a significantly higher mortality (1-13 [1-02-1-25]) with atenolol treatment than with other
active treatment, in the five studies comprising 17671 patients who were followed up for a mean of 4-6 years.
Moreover, cardiovascular mortality also tended to be higher with atenolol treatment than with other
antihypertensive treatment. Stroke was also more frequent with atenolol treatment.

lteipretation Our results cast doubts on atenolol as a suitable drug for hypertensive patients. Moreover, they
challenge the use of atenolol as a reference drug in outcome trials in hypertension.

itraduction communication with  established  researchers  in

B blockers have long been considered to be well

documented  first-line  drugs in the trealment of

hypertension.' Morcover, atenolol is once of the most
widely used B blockers clinically, and it has often been
used as a reference drug in randomised controlled
trials of hypertension.”” Questions have been raised
about B blockers as first-line treatment options in
hypertension.® In the  Losartan  Intervention for
Endpoint Reduction in Iypertension (LIFE)  trial,
losartan was shown to be more effective than atenolol
patients  with  left

in hyp(‘l't(‘ﬂSiV(‘ ventricular

hypertrophy.” Whether the result of the LIFE study was
caused by a benehicial effect of losartan or a weak cftect
of atenolol on cardiovascular discase, or both, has been
debated.” The cffect of atenolol after myocardial

infarction has also been questioned.t Hence, the aim of

our investigation was to systematically review the effect
of atenolol on cardiovascular morbidity and mortality
in hypertensive individuals.

Methods

We reviewed randomised controlled trials that assessed
the effect of atenolol on cardiovascular morbidity or
mortalily in patients with primary hypertension.
Studies were identified though scarching of The
Cochrane Library, MEDLINE, textbooks, and by personal

hypertension. The following keywords were used in the
databasc scarch: atenolol (MESH) OR atenolol “text”
AND cerebrovascular disorders (MESH) OR myocardial
infarction (MESH); atenolol AND systematic; beta-
blocker AND hypertension AND systematic.

The cligibility criteria for inclusion in the meta-
analyses were: (1) primary hypertension, (2) randomised,
controlled trial, (3) predefined criteria of myocardial
infarction, stroke, and cardiovascular death, and (4)
atenolol alone as the first-line drug in one of the
treatment arms. Data from the studies that fulfilled the
criteria were entered into the Cochrane Collaboration
Review manager package (RevMan 4.2). Tlcterogencity
between the studies was assessed with x? test and the
chosen summary stalistic variable was the reduction in
relative risk.

Results

17 randomised controlled trials were identified in which
atenolol was used in one of the treatment arms of
hypertension (panel). Five studies were excluded since
atenolol was one of two or more drug alternatives in the
same  treatment arm.”" One was excluded since it
compared multidrug strategies rather than individual
agents. " Three studies were excluded since atenolol was
an add-on drug.”" "
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Panel: Trials identified by search criteria

Included trials comparing atenolol with placebo or no treatment

HEP (Treatment of Hypertension in Elderly Patients in Primary Care)*

Elderty hypertensive patients (aged 60-79 years) randomised to atenolol or control. Open study with untreated control group. Thiazide diuretics were added in
60% of the patients in the atenolol group.

Dutch TIA Trial (The Dutch Transitory Ischemic Attack trial)*®

Patients with TIA or minor stroke randomised to atenolol or placebo. Not all patients were hypertensive but baseline mean blood pressure was 157/91 mm Hg.
TEST (Tenormin after Stroke and TIA)*

Patients with previous TIA or minor stroke and blood pressure over 140/85 mm Hg were randomised to atenotol or placebo.

MRC Old (Medical Research Council trial of treatment of hypertension in older adults)’

Patients aged 65-74 years randomised to treatment with atenolol, hydrochlorothiazide, or placebo. Thiazide diuretics were added in 16% of the patients in the
atenolol group.

Included trials comparing atenolol with other antihypertensive drugs

MRC Old (Medical Research Council trial of treatment of hypertension in older adults)’

Patients aged 65-74 years randomised to treatment with atenolol, hydrochlorothiazide or placebo. Thiazide diuretics were added in 16% of the patients in the
atenolol group.

UKPDS (UK Prospective Diabetes Study)?

Hypertensive patients with type 2 diabetes randomised to treatment with atenolol or captopril.

ELSA (European Lacidipine Study on Atherosclerosis)”

The primary aim of the study was to compare the effects of the calcium antagonist lacidipine with atenolol on carotid intima-media thickness in hypertensive
individuals. During the study, 142 cardiovascular endpoints were recorded.

HAPPHY (The Heart Attack Primary Prevention in Hypertension trial)”’

Hypertensive patients randomised to treatment with a 3 blocker or a diuretic. Individual centres used either only atenolol or only metoprolol in the 3-blocker
arm (and either only bendroflumethiazide or only hydrochlorothiazide in the diuretic arm). The results from all centres were published together. The only
exception is all-cause mortality for which data have been published for atenolol versus diuretic.”

LIFE (The Losartan Intervention For Endpoint reduction study)*

Patients with hypertension and left ventricular hypertrophy randomised to losartan or atenolol.

Excluded trials where atenolol was one of many first-line drugs in the same treatment arm

STOP (The Swedish Trial in Old Patients with Hypertension)®

Elderly patients randomised to antihypertensive therapy or placebo in a double-blind design. Different centres used either atenolol, metoprolol, pindolol, or
hydrochlothiazide/amiloride as the first drug.

STOP-2 (The Swedish Trial in Old Patients with Hypertension-2)'®

Elderly patients were randomised to treatment with an ACE inhibitor, a calcium antagonist, or conventional therapy. Conventional therapy included one of
atenolol, metoprolol, pindolol, or hydrochlorothiazide/amiloride according to the investigators’ preferences.

CAPPP (The Captopril Prevention Project)

Hypertensive subjects were randomised to either treatment with captopril or other therapy with any diuretic or B blocker, mainly bendroflumethiazide,
hydrochlorothiazide, atenolol, or metoprolol.

NORDIL (The Nordic Diltiazem study)*

Hypertensive subjects were randomised to treatment with diltiazem or other therapy with any diuretic or § blocker.

CONVINCE (The Controlled Onset Verapamil Investigation of Cardiovascular End Points trial)™

Patients were randomised to treatment with verapamil or either atenolol or hydrochlorothiazide according to the investigators’ preference for each individual.
INVEST (The International Verapamil-Trandolapril Study)™

Patients with hypertension and coronary heart disease were randomised to verapamil with the addition of trandolapril or to atenolol with the addition of
hydrochlorothiazide. INVEST was, however, intended to compare multidrug strategies rather than individual agents.

Excluded trials where atenolol was a second-line drug
SHEP (The Systolic Hypertension in the Elderly Program)*
Elderly patients randomised to chlortalidone or placebo. Atenolol was the second-line drug after chlortalidone.

INSIGHT (The International Nifedipine GITS Study: Intervention as a Goal in Hypertension Treatment)™
Hypertensive patients were randomised to treatment with nifedipine or hydrochlorothiazide/amiloride. Atenolol was the second-line drug in both treatment groups.

ALLHAT (The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial)””
Hypertensive patients were randomised to treatment with chlortalidone, amiodipine, lisinopril, or doxazosin.”* If the blood pressure goal was not reached
with the first line drug, atenolol was one of the three second-line drugs used in all four treatment arms.

TlA=transient ischaemic attack. ACE=angiotensin-converting enzyme.
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Study Publication

acronym year

Atenolol vs placebo or no treatment

HEP™ 1986
MRC Old’ 1992
Dutch TIAY 1993
TEST® 1994
Total

I two studies that were included,™ the population
of interest was patients with stroke and in both these
studies most patients were hypertensive. Of the cight
studies included in the meta-analyses, one had three
treatment arms and compared atenolol both with
placebo and with a thiazide diuretic’” Three studies
compared atenolol with placebo,'™" or with untreated
controls,” and in the other four studies, atenolol
was compared with another antihypertensive drug.

Studies  comparing atenolol with placebo or no

IERIp)

lrcatment are described in the table and the outcome of

the mela-analyses is shown in figure 1. Despite major
differences in blood pressure lowering, there were no
outcome differences between atenolol and placebo in
the four studies comprising 6825 patients who were
followed up for a mean of 46 years, in the effect on all-
cause mortality (relative risk 1-01 [95% C10-89-1-15]),
cardiovascular - mortality  (0-99  [0-83-1-18)), or
myocardial infarction (099 [0-83-1-19)). The stroke
risk tended to be lower in the atenolol group than in
controls (relative risk 0-85 [0-72-1-01]). The study with
the most prominent impact on stroke outcome was the
Iyperlension in Elderly Patients trial (HTP), where
active treatment reduced the risk of stroke by 43% by
comparison with no treatment. Most patients (60%)
randomised to active treatment with atenolol in that
study treated  with  other
hypertensive drugs in addition to atenolol. "I'he blood
pressure difference between active and no treatment
was also considerable in the HEP study (18/11 mm
I'tg), which was morce than in the other studies listed
(Lable).

Studies other  anti-
hypertensive drugs are described in the table and the
outcome of the meta-analyses is shown in figure 2.
There were no major differences in blood pressure
lowering  between  the treatment arms. ‘The meta-
analysis  showed a  significantly higher  mortality
(relative risk 1-13 [95% C1 1-02-1-25]) with atenolol

were,  however, also

comparing atenolol  with

treatment than with other active treatment, in the five
studies comprising 17 671 patients who werce foltowed
up for a mean of 4.6 years. Morcover, cardiovascular
mortality tended to be higher with atenolol treatment
{(1-16 [1-00-1-34]) and the risk of stroke was more
common with atenolol treatment (130 [1-12-1-50]).

Since the Losartan Intervention for  Endpoint
Reduction in Hypertension trial (LIFE) included about
the same number of patients as the other listed studies
together and hence had a great statistical impact on the
overall analyses, a scparate meta-analysis was done
excluding the LIFE patients. As seen from figure 2, the
differences  belween  atenolol  and  the  other
antihypertensive treatments were  similar with  or
without the LITE patients.

Discussion

The present analysis casts doubts on atenolol as a
suitable first-line drug for hypertensive patients.
Morcover, il challenges the use of atenolol as a
reference drug in outcome trials in hypertension. It is
noteworthy that the superiority of atenolol over placebo
or no treatment in reducing blood pressure did not
result in a bencficial effect on mortality or myocardial
infarction. The only study showing an advantage for
atenolol was the open HEP study, in which onc of the
outcome variables-—ie, stroke—was reduced by 43% in
comparison with no trealment. However, in that study
less than 20% of the patients in the atenolol group were
treated with atenolol as monotherapy, and the blood
pressure difference between the two study groups was
considerable. When atenolol was  compared  with
several other antihypertensive drugs, it was worse than
the other drugs except in prevention of myocardial
infarction, when the outcome was similar.

The blood pressure lowering cffect of atenolol is not
less than that of other antihypertensive drugs. There
are, however, other characteristics of atenolol that might
explain the findings of the present meta-analyses. First,

Atenolol vs other antihypertensive treatment

HAPPHY"! 1988
MRC Old 1992
UKPDS' 1998
LIFE? 2002
ELSA 2002
lotal

|
Number Mean age Follow-up Atenolol dose Comparison drug Baseline Mean blood pressure change with 1
of patients (years) (years) (mg) blood pressure (mm Hg) atenolol (systolic/diastolic [mm Hg]) i
|
884 68-8 44 100 Open control 197/99 -18.0/-11.0 i
3748 703 5 50-100 Placebo 183/91 13:5/-7-0*
1473 52% >65 years 2:6 50 Placebo 158/91 -5.8/-2.91
720 70-4 2:6 50 Placebo 161/89 -4-0/-3-01
6825 70-04 46
3203 52-2% 30 100 hctz 50 mg or bftz 5 mg 166/107 0/-1-0§
2183 70-3 5-8 50-100 hctz 25 mg 183/91 -1-0/0-5*
758 56-2 9 50-100 Captopril 50-100 mg 159/94 1:0/-1-0
9193 669 4-8 50-100 Losartan 50-100 mg 174/99 1-1/0-2
2334 56-0 3.75 50-100 Lacidipine 4-6 mg 163/101 0-2/0-1
17671 628 46

hctz=hydrochlorothiazide. bftz=Bendroflumethiazide. *Data estimated from figure in reference 2, 60 months after randomisation. Data from reference 18, 4 months after randomisation. #Data from reference 19, 1 month

after randomisation. §Data for atenolol, metoprolol, and propranolol together. qExcluding the Dutch TIA trial.

Table: Studies included in the meta-analyses
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Figure 1: Outcome data for atenolol versus placebo or no treatment

Atenolol (n/N) Placebo (n/N) Relative risk (fixed) (95% Cl) Weight (%) Relative risk (fixed) (95% Cl)
All-cause mortality
Dutch TIA 64/732 58/741 _ 14-61 1-12 (0-79-1-57)
HEP 60/419 69/465 e 16.58 0-97 (0:70-1:33)
MRC Old 167/1102 315/2213 e 53-09 106 (0-90-1-27)
Test 51/372 60/348 = 15:72 0-80 (0-56-1-12)
Total 2625 3767 - 100-00 1.01 (0-89-1-15)
Total events: 342 (atenolol), 502 (placebo)
Test for heterogeneity: x?=2-63, p=0-45 i : . I
Cardiovascular mortality
Dutch TIA 41/732 33/741 S S ——— 1366 1-26 (0-80-1-97)
HEP 35/419 50/465 B 19.74 078 (0-51-117)
MRC Old 95/1102 180/2213 — 4983 1.06 (0-84-1-34)
Test 34/372 39/348 16-78 0-82 (0:53-1-26)
Total 2625 3767 100-00 099 (0-83-118)
Total events: 205 (atenolol), 302 (placebo)
Test for heterogeneity: x?=3-51, p=0-32 i i | = !
Myocardial infarction
Dutch TIA 45/732 40/741 1818 114 (0-75-1-72)
HEP 35/419 38/465 16-47 1.02 (0-66-1:59)
MRC Old 80/1102 159/2213 — 4834 101 (0-78-1-31)
Test 29/372 36/348 17-01 0:75(0-:47-1-20)
Total 2625 3767 100-00 0-99 (0-83-1-19)
Total events: 189 (atenolol), 273 (placebo)
Test for heterogeneity: x?=1-80, p=0-62 r . r . |
Stroke
Dutch TIA 52/732 62/741 - 2324 0-85 (0-60-1-21) ‘
HEP 20/419 30/465 1394 057 (0-34-0-96) ‘
MRC Old 56/1102 134/2213 s [ 33.60 0-84 (0-62-1-14)
Test 81/372 751348 2923 1.01(0-77-1-33)
Total 2625 3767 B 100-00 0-85 (0-72-1:01)
Total events: 209 (atenolol), 310 (placebo)
Test for heterogeneity: x2=3-74, p=0-29 I T T |
0-5 07 1-0 15 2:0
Favours atenolol Favours placebo
|

n=number of patients with events. N=total number of patients. In the TEST study,” myocardial infarction was calculated as non-fatal myocardial infarction plus

cardiac death.

atenolol differs from other B blockers in its low
lipophilic profile. Data from studies in animals suggest
that the ability to prevent ventricular fibrillation
depends on the amount of 8 blocker in the central
nervous system.®” The hydrophilic atenolol has very
low permeability into the nervous system. The positive
outcome on coronary heart disease in the “cxtension” of
onc half of the HAPPHY trial, the MAPHY trial, in
which metoprolol-based treatment was compared with
thiazide-based treatment,” has been discussed on the
basis of such pharmacological differences between
B blockers.” A previous meta-analysis of studies on
B blockers after myocardial infarction showed that
metoprolol, timolol, and propranolol significantly
prevented death in the long term.* Atenolol showed no
such preventive effect and it was concluded that atenolol
was inadequately evaluated for long-term use after
myocardial infarction. On the other hand, such a
mechanism could hardly explain a lack of preventive
effect on other cardiovascular complications.

Second, to our knowledge, the effect of atenolol on left
ventricular hypertrophy has not been systematically
assessed in long-term studies. The largest meta-analysis
of the effect of different antihypertensive classes on left

www.thelancet.com Vol 364 November 6, 2004

ventricular mass  recently showed, however, that
B blockers seemed to have less benehcial effect on
regression of left ventricular hypertrophy than other
drugs.” Third, many antihypertensive drugs correct the
remodelling and cendothelial  dysfunction of small
arteries seen in hypertension, but this finding has not
been seen for atenolol.” ™ In a recent investigation,
rescarchers reported that when patients who were
controlled for a long period on atenolol were switched to
an  angiotensin-1-receptor  blocker, the arterial
media/lumen diameter of resistance arteries decreased
and endothclium-dependent relaxation increased.*

We did not analyse other B blockers. The effect of
other B blockers in cardiac failure,”* and
myocardial infarction, is well-documented.” However,
in large hypertension trials, few researchers have
specifically studicd the outcome of different B blockers.
Instcad, B blockers were most often considered as a
group,® which is also the case in hypertension
guidelines.' In the Scandinavian studies, STOP,”
CAPPP," NORDIL,” and STOP-2," it was not possible
to split the B blockers into different types.

Hence, based on the results of our meta-analyses and
on the cffects of atenolo) in other cardiovascular

after
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Atenolol (n/N)  Placebo (n/N) Relative risk (fixed) (95% Cl) Weight (%)

All-cause mortality
ELSA 17/1157 13/1177 205
HAPPHY 33/1604 26/1599 415
MRC Old 167/1102 134/1081 - 21-57
UKPDS 59/358 751400 SR S 11-29
Subtotal 4221 4257 e 39.06
Total events: 276 (atenolol), 248 (other drug)
Test for heterogeneity: x’=3-45, p=0-33
LIFE 431/4588 383/4605 i 60-94
subtotal 4588 4605 B 60-94
Total events: 431 (atenolol), 383 (other drug)
Total 8809 8862 > 10000
Total events: 707 (atenolol), 631 (other drug)
Test for heterogeneity: X’=3-45, p=0:49 i . . !
Cardiovascular mortality
ELSA 8/1157 411177 124
MRC Old 95/1102 66/1081 e 20-85
UKPDS 32/358 48/400 @ —n-—— 1 14-19
Subtotal 2617 2658 R 36-28
Total events: 135 (atenolol), 118 (other drug)
Test for heterogeneity: x?=6-66, p=0-04
LIFE 234/4588 204/4605 - 6372
Subtotal 4588 4605 e 6372
lotal events: 234 (atenolol), 204 (other drug)
Total
Total events: 369 (atenolol). 322 (other drug) 7205 7263 ‘ 100-00
Test for heterogeneity: x°=6-66, p=0-08 i | , =
Myocardial infarction
ELSA 17/1157 18/1177 555
MRC Old 80/1102 48/1081 — = 1507
UKPDS 46/358 61/400 e A e 17-92
Subtotal 2617 2658 R 38:54
Total events: 143 (atenolol), 127 (other drug)
Test for heterogeneity: x?=7-18, p=0-03
IIFE 188/4588 198/4605 —— 6146
Subtotal 4588 4605 6146
Total events: 188 (atenolol), 198 (other diug)
Total 7205 7263 100-00
Total events: 331 (atenolol), 325 (other drug)
Test for heterogeneity: x’=8-66, p=0-03 i . . .
Stroke
FLSA 14/1157 9/1177 2:.92
MRC Old 56/1102 45/1081 —_— 14-86
UKPDS 17/358 21/400 6-49
Subtotal 2617 2658 e RO 24-26
Total events: 87 (atenolol), 75 (other drug)
Test for heterogeneity: x?=1-21, p=0.55
LIFt 309/4588 232/4605 = 7574
Subtotal 4588 4605 ‘ 7574
Total events: 309 (atenolol), 232 (other drug)
Total 7205 7263 < 100-00
Total events: 396 (atenolol), 307 (other drug)
lest for heterogeneity: x?=1-73, p=0-63

i T 1

05 07 1.0 b 2.0

Figure 2: Outcome data for atenolol versus other antihypertensive treatment
n=number of patients with events. N=total number of patients.

disorders, we have doubts about the suitability of
atenolol as a first-line antihypertensive drug and as a
reference drug in outcome trials of hypertension.
Contributors

All authors contributed to data analysis and interpretation and wrole the
report.
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Favours atenolol Favours other drug

Conflict of interest statement

Relative risk (fixed) (95% Cl)

133 (0:65-2-73)
1-27(0-76-2-11)
1-22 (0-99-1-51)
0-88 (0-64-1-20)
1-13(0-97-1:33)

1-13(0-99-1-29)
1-13 (0-99-1-29)

113 (1-:02-1-25)

2:03
1:41
0-74
117

0:61-674
1.04-1-91
0-49-1-14
0.92-1-49

115 (0-96-1-38)
115 (0-96-1-38)

1-16 (1-00-1-34)

0-96 (0-50-1-85)
163 (1-15-2-32)
0-84 (0-59-1-20)
1-17 (0-93-1-47)

0-95 (0-78-1-16)
0-95 (0-78-1-16)

1.04 (0-89-1.20)

1-58 (0-69-3-64)
1-22 (0-83-1-79)
0-90 (0-48-1-69)
1-18 (0-87-1-60)

1-34(1-13-1-58)
1-34(1-13-1-58)

1-30 (1-12-1-50)

BC was a member of the ALPINE steering committee and the SCOPI
clinical event committee, and has a local coordinating role in ASCOT.
LHE received a rescarch grant from AstraZeneca for ALPINE and was
on the steering committee of LIFE. OS has received grants from the

pharmaceutical industry (Parke-Davis

and AstraZeneca), and is a

member of AstraZeneca’s CRESTOR Global Communications

www.thelancet.com Vol 364 November 6, 2004




Articles

Advisory Board. All authors arc on the Working Group on High Blood
Pressurc of the Swedish Council on Technology Assessment (LHI
chairs the hypertension group).

References

1

6

16

Guidelines Committee. 2003 European Socicty of
Hypertension-European Society of Cardiology guidelines for the
management of arterial hypertension. J |ypertens 2003; 21: 1011-53.
MRC Working Party. Medical Research Council trial of treatment
of hypertension in older adults: principal results. BM[ 1992; 304:
405-12.

UK Prospective Diabetes Study Group. Efficacy of atenolol and
caplopril in reducing risk of macrovascular and microvascular

complications in type 2 diabetes: UKPDS 39. BMJ 1998; 317: 713--20.

Dahlsf B, Devercux RB, Kjeldsen SE, et al. Cardiovascular morbidity
and mortality in the losartan intervention for endpoint reduction in
hypertension study (LIFE): a randomised trial against atenolol.
Lancel 2002; 359: 995-1003.

Sever P, Dahlof P, Poulter NR, et al. The Anglo-Scandinavian
Cardiac Outcomes Trial: a brief history, rational, and outline
protocol. | Human Hypertens 2001; 15 (suppl 1): ST1-S12.

Messerli FI, Beevers DG, TFranklin SS, Pickering TG. Beta-blockers
in hypertension: the emperor has no clothes—--an open letter to
present and prospective drafters of new guidelines for the treatment
of hypertension. Am | Hypertens 2003; 16: 870--73.

Aronow WS. Might losarlan reduce sudden cardiac death in diabetic
patients with hypertension? Lancet 2003; 362: 591-592.

Freemantle N, Cleland |, Young P, Mason |, Harrison J. 8 blockade
after myocardial infarction: systematic review and meta regression
analysis. BMJ 1999; 318: 1730-37.

Dahlsf B, Lindholm LI, Hanson [, Scherstén B, Ekbom T,

Wester PO. Morbidity and mortality in the Swedish trial in old
patients with hypertension (STOP-Hypertension). Lancet 19971; 338:
1281-85.

Hansson L, Lindholm LH, Ekbom T, et al. Randomised trial of old
and new antihypertensive drugs in elderly patients: cardiovascular
mortality and morbidity the Swedish Trial in Old Patients with
[lypertension-2 study. Lancet 1999; 354: 1751--56.

Hansson L, Lindholm LH, Niskanen L, et al. Effect of
angiotensin-converting-cnzyme inhibition compared with
conventional therapy on cardiovascular morbidity and mortality in
hypertension: the Captopril Prevention Project (CAPPP). Lancel
1999; 353: 611-16.

Hansson L, Hedner T, Lund-Johansen P, et al. Randomised trial of
effects of calcium antagonists compared with diuretics and

{3 blockers on cardiovascular morbidily and mortality in
hypertension: the Nordic Diltiazem (NORDIL) study. Lancet 2000;
356: 359-65.

Black HR, Elliott W], Grandits G, et al. Principal results of the
Controlled Onset Verapamil Investigation of Cardiovascular Find
Points (CONVINCE) Trial. JAMA 2003; 289: 2073-82.

Pepine CJ, Handberg EM, Cooper-Detioff RM, et al. A

calcium antagonist vs a non-calcium antagonist hypertension
treatraent strategy for patients with coronary artery discasc.

The International Verapamil-Trandolapril Study (INVEST):

a randomized controlled trial. JAMA 2003; 290: 2805-16.

SHEP Cooperative Rescarch Group: preveation of stroke by
antihypertensive drug treatment in older persons with isolated
systolic hypertension: linal results of the Systolic Hypertension in
the Elderly Program (SHEP). JAMA 1991: 265: 3255-64.

Brown M), Palmer CR, Castaigne A, et al. Morbidity and mortality in
patients randomised to double-blind treatment with a long-acting
calcium-channel blocker or diuretic in the International Nifedipine
GITS study: Intervention as a Goal In Hypertension Treatment
(INSIGHT). Lancet 2000; 356: 366-72.

The ALLHAT Officers and Coordinators for the ALLHAT
Collaborative Research Group. Major outcome in high-risk
hypertensive patients randomized to angiotensin-converling enzyme
inhibitor or calcium channel blocker vs diuretic. JAMA 2002; 288:
2981-97.

The Dutch TIA Trial Study Group. Trial of secondary prevention
with atenolol after transient ischemic attack or nondisabling
ischemic stroke. Stroke 1993; 24: 543-48.

www.thelancet.com Vol 364 November 6, 2004

19

20

21

22

23

24

26

27

28

29

30

31

32

33

35

36

triksson S, Olofsson BO, Wester PO. Atenolol in the secondary
prevention afler stroke. Cerebrovase Dis 1995; 5: 21-25.

Coope ], Warrender TS. Randomised trial of treatment of
hypertension in elderly patients in primary carc. BMJ 1986; 293:
1145-51.

Wilhelmsen 1, Berglund G, Elmfeldt D, et al. Beta-blockers versus
diuretics in hypertensive men: main results from the HAPPHY trial.

| Hypertens 1987; 5: 561-72.

Zanchetti A, Bond MG, Henning M, ct al. Calcium antagonist
lacidipine slows down progression of asymptomatic carotid
atherosclerosis. Principal results of the European lacidipine study on
atherosclerosis (ELSA), a randomized, double-blind, long-term trial.
Circulation 2002; 106: 2422-27.

The Steering Committee of the HAPPHY Trial. MAPHY and the
two arms of HAPPHY. JAMA 1989; 262: 3273-74.

The ALLHAT Officers and Coordinators for the ALLITAT
Collaboralive Research Group. Major cardiovascular events in
hypertensive patients randomized to doxazosin vs chlorthalidone.
JAMA 2000; 283: 1967-75.

‘The ALLHAT Officers and Coordinators for the ALLHAT
Collaborative Research Group. Diuretic versus «-blocker as first-step
antihypertensive therapy: final results from the antihypertensive and
lipid-lowering treatment to prevent heart atlack trial (ALLHAT).
Hypertension 2003; 42: 23946,

Law MR, Wald NJ, Jordan RE. Value of low dosc cornbination
treatment with blood pressure lowering drugs: analysis of

354 randomised trials. BMJ 2003; 326: 1427-34.

Law MR, Wald NJ, Morris J. Lowering blood pressure to prevent
myocardial infarction and strokes: a new preventive strategy.

Health Technol Assess 2003; 7: no 31.

Parker GW, Michael LiT, Hartley C), Skinner JE, Entrman M1,
Central beta-adrenergic mechanisms may modulate ischemic
ventricular fibrillation in pigs. Cire Res 1990; 66: 259- 70.

Ablad B, Bjurd T, Bjorkman JA, Edstrdm T, Olsson G. Role of
central nervous beta-adrenoceptors in the prevention of ventricular
fibrillation through augmentation of cardiac vagal tonc.

J Am Coll Cardiol 1991; 17 (suppl): 165.

Wikstrand ], Warnhold I, Olsson G, et al. Primary prevention with
metoprolol in patients with hypertension: mortality results from the
MAPHY study. JAMA 1988; 259: 1976--82.

Wikstrand ], Berglund G. Tuomilchto J. Beta-blockade in the
primary prevention of coronary heart discase in hypertensive
patients: review of present evidence. Chreulation 19971,

84 (suppl 6): V193-100.

Klingbeil AU, Schneider M, Martus P, Messerli I'H, Schmeider RJ:.
A meta-analysis of the effects of treatment on left ventricular mass in
essential hypertension. Am | Med 2003; 115: 41-46.

Schiffrin 11, Deng LY, Larochelle P. Progressive improvement in the
structure of resistance arteries of hypertensive patients after 2 years
of treatment with an angiotensin [-converting inhibitor. Comparison
with effects of a beta-blocker. Am | Hypertens 1995; 8: 229-36.
Schiffrin EL Park JB, Intengan HD, Touyz RM. Correction of arterial
structure and endothelial dysfunction in human essential
hypertension by the angiotensin receptor antagonist losartan.
Circulation 2000; 101: 1653-59.

Taddei S, Virdis A, Ghiadoni L, Sudano I, Salvetli A.
Antiliypertensive drugs and reversing of endothelial dysfunction in
hypertension. Curr Lyperiens Rep 2000; 2: 64-70.

Schiffrin EL, Park JB, Pu Q. Effect of crossing over hypertensive
paticnls [rom a beta-blocker to an angiolensin receptor anlagonisl on
resistance artery structure and on endothelial function. § Hypertens
2002; 20: 71-78.

CIBIS-II Investigators and Commiltees. The Cardiac insufficiency
bisoprolol study 11 (CIBIS-H): a randomised trial. Lancet 1999; 353:
9-13.

MERTT-IF Study Group. Effect of metoprolol CR/XL in chronic
heart failure: Metoprolol CR/XL randomiscd intervention trial

in congestive heart failure (MERIT-HE). Lancet 1999; 353: 2001-07.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1689



