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Antihypertensive therapy and
 the benefits of atorvastatin
in the Anglo-Scandinavian Cardiac Outcomes Trial:
lipid-lowering arm extension
Peter S. Severa, Neil R. Poultera, Bjorn Dahlofb and Hans Wedelc,
on behalf of the ASCOT investigators
Objective To determine the cardiovascular benefits of

atorvastatin stratified by blood pressure-lowering regimen,

2.2 years after closure of the lipid-lowering arm (LLA) of the

Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT-LLA).

Methods In ASCOT-LLA, 10 305 hypertensive patients

randomized to amlodipine-based or atenolol-based therapy

and with a total cholesterol 6.5 mmol/l or less were further

randomized to atorvastatin or placebo. ASCOT-LLA was

terminated after 3.3 years median follow-up. Cardiovascular

outcomes in these patients were further evaluated 2.2 years

later, at the end of the blood pressure-lowering arm (BPLA).

Results By the end of BPLA in both groups originally

assigned statin or placebo, approximately 65% were

receiving a statin, and lipid levels had equalized. The

benefits of atorvastatin observed in LLA were sustained

throughout BPLA. At the end of BPLA, in those assigned

amlodipine-based therapy, atorvastatin reduced coronary

heart disease deaths and nonfatal myocardial infarction (MI)

by 46% [hazard ratio 0.54, confidence interval (CI) 0.40–

0.72, P < 0.0001], stroke by 37% [hazard ratio 0.63, CI 0.46–

0.87, P U 0.004] and total cardiovascular events and

procedures by 27% [hazard ratio 0.73, CI 0.63–0.86,

P < 0.0001]. In the atenolol-based group, atorvastatin

reduced coronary heart disease death and nonfatal MI by

25% [hazard ratio 0.75, CI 0.57–0.97, P U 0.03], stroke by

10% [hazard ratio 0.90, CI 0.69–1.18, P U 0.43] and total

cardiovascular events and procedures by 13% [hazard ratio
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0.87, CI 0.76–1.0, P U 0.05]. P values for heterogeneity were

low, but failed to achieve statistical significance (0.10, 0.10

and 0.11 for chronic heart disease, stroke and total

cardiovascular events, respectively).

Conclusion Although not statistically significant, the

benefits of atorvastatin appeared greater among those on

amlodipine-based compared with atenolol-based therapy.

These data provide supporting evidence that coassignment

to atorvastatin may have generated differential effects on

coronary and other cardiovascular outcomes by

amlodipine-based and atenolol-based treatment in ASCOT-

BPLA. J Hypertens 27:947–954 Q 2009 Wolters Kluwer

Health | Lippincott Williams & Wilkins.
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Introduction
We have previously reported the benefits of lipid lowering

with atorvastatin in reducing major cardiovascular events

among over 10 000 hypertensive patients in the Anglo-

Scandinavian Cardiac Outcomes Trial-lipid-lowering arm

(ASCOT-LLA) [1]. In a subsequent report, we conducted

a prespecified analysis to determine whether there was any

synergy between assignment to atorvastatin and either of

the antihypertensive treatment arms. We demonstrated

that the reduction in coronary heart disease (CHD) event

rates, associated with atorvastatin compared with placebo,

appeared to be greater in those assigned amlodipine-based

treatment compared with those assigned atenolol-based

treatment (53 versus 16%, respectively). This observation

was of borderline statistical significance for a tertiary end-

point (P heterogeneity¼ 0.025) [2].
Following premature termination of ASCOT-LLA after a

median follow-up of 3.3 years, patients continued in the

blood pressure-lowering arm of the trial (ASCOT-BPLA)

until its termination after 5.5 years [3]. During this follow-

up period, many of those originally assigned atorvastatin

stopped taking it, and of those originally assigned

placebo, the majority commenced statin therapy. By

the end of the trial, a similar number of patients in each

limb were taking a statin (approximately 65%), and

lipid levels in the two arms were almost identical. How-

ever, despite this, as previously reported, relative risk

reductions in event rates for all prespecified endpoints

were essentially unchanged [4]. In this analysis, in keep-

ing with our initial report on ASCOT-LLA, we did not

subdivide the patients according to their antihyperten-

sive drug assignment.
orized reproduction of this article is prohibited.
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In the current set of analyses, we report additional find-

ings associated with statin use among ASCOT-LLA

patients, according to their original allocation to both

BP and lipid-lowering treatment groups and a comparison

of risk reductions observed at the end of ASCOT-LLA

(3.3 years) with those observed at the end of ASCOT-

BPLA (5.5 years). It was our intent with this extended

and expanded database to seek further evidence for an

interaction between lipid-lowering and BP-lowering

treatment strategies.

Methods
The detailed ASCOT protocol has been published

previously [5], and further information is available at

www.ascotstudy.org. In summary, patients were

recruited between February 1998 and May 2000, lar-

gely from family practices in the UK, Ireland and the

Nordic countries. Hypertensive patients, on or off

antihypertensive treatment, with three or more other

risk factors for cardiovascular disease were eligible for

ASCOT-BPLA. These risk factors included male sex,

age more than 55 years, a history of smoking, left

ventricular hypertrophy or other specified ECG

abnormalities, history of early CHD in a first-degree

relative, microalbuminuria or proteinuria, noninsulin

dependent diabetes, peripheral vascular disease,

previous stroke or transient ischemic attack or ratio

of plasma total cholesterol to high-density lipoprotein

(HDL)-cholesterol of 6 or higher. Exclusion criteria

included prior myocardial infarction (MI), currently

treated angina, cerebrovascular event within the

previous 3 months, fasting serum triglycerides greater

than 4.5 mmol/l, heart failure, uncontrolled arrhythmias

or any clinically important hematological or biochemical

abnormalities.

In ASCOT-BPLA, following a 4-week run-in period,

during which eligibility and consent were confirmed,

patients were randomized to one of the two BP-lowering

strategies, either amlodipine adding perindopril as

required (amlodipine-based strategy) or atenolol adding

bendroflumethiazide as required (atenolol-based

strategy). In ASCOT-LLA, those with a fasting total

cholesterol of 6.5 mmol/l or less (250 mg/dl) who were

currently untreated with a statin or fibrate were random-

ized, using a factorial design, to either 10 mg atorvastatin

daily or matching placebo. Overall, 19 342 patients were

assigned either amlodipine-based or atenolol-based treat-

ment, and 10 305 of these patients were assigned ator-

vastatin or placebo. Management of those randomized to

ASCOT-BPLA is detailed elsewhere [5]. In summary, at

each follow-up visit, antihypertensive drug therapy was

titrated and additional drugs added (perindopril to amlo-

dipine and bendroflumethiazide-K to atenolol) to achieve

target BP levels of less than 140/90 mmHg for nondia-

betic patients and less than 130/80 mmHg for diabetic

patients.
opyright © Lippincott Williams & Wilkins. Unautho
Following randomization, information was recorded

about adverse events and any new cardiovascular event

or procedure, including the cause for any hospital admis-

sion. Central review of endpoints by the Endpoint Com-

mittee was carried out blinded to treatment allocation

using criteria for classifying diagnoses that have been

reported at www.ascotstudy.org. The primary endpoint of

both ASCOT-LLA and ASCOT-BPLA was the compo-

site of nonfatal (including silent) MI and fatal CHD.

Secondary endpoints included nonfatal or fatal stroke

and a number of additional composite cardiovascular

endpoints. Prespecified tertiary objectives included an

evaluation of any interaction between the BP-lowering

and lipid-lowering regimens.

The number of events during LLA in the current

analyses differs slightly from those reported previously

[1], because a small number of events that occurred

during LLA were not reported until the post-LLA fol-

low-up period. These have now been included and

statistical analyses revised accordingly.

Statistical methods
The statistical analysis plan is available at www.

ascotstudy.org. Time to first events in the atorvastatin

and placebo groups were compared on an intention-

to-treat basis until closeout of ASCOT-LLA (median

follow-up time 3.3 years) and subsequently at the end

of the ASCOT-BPLA (median follow-up time 5.5 years)

using the log-rank and Cox proportional hazard models.

In order to check the proportional hazard assumption, we

have assessed the proportionality by considering the

interactions of the treatment indicators and time. The

P values for time-interaction were larger than 0.30 for all

endpoints. Wald’s test for interaction between atorvas-

tatin and the two BP-lowering regimens was performed

using the full Cox model. All significance tests were

two-tailed and conducted at the 0.05 level.

Results
The overall demographics of the ASCOT-LLA popu-

lation have previously been published [1,2]. Participants

were mainly white (95%) and male (81%), with a mean

age of 63 years. The patients assigned to the two BP-

lowering regimens were comparable as were those

assigned atorvastatin or placebo.

Complete information was available on 10 075 patients

originally randomized to LLA and followed to the end of

BPLA (Fig. 1). However, between the closure of LLA

and the subsequent closure of BPLA, there was substan-

tial drop-in and dropout of statin therapy among those

originally randomized to placebo and atorvastatin,

respectively. Consequently, at the closure of BPLA, of

those originally assigned atorvastatin, 63% were still

taking it, and of those originally assigned placebo, 56%
rized reproduction of this article is prohibited.
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Fig. 1

Trial profile. LLA, lipid-lowering arm.
were taking atorvastatin. Adding in other statin use

increased these percentages to 67 and 63%, respectively.

At the end of LLA (3.3 years), total cholesterol and low-

density lipoprotein (LDL)-cholesterol concentrations

among those allocated atorvastatin were around

1 mmol/l lower than those allocated placebo (Fig. 2) in

both antihypertensive treatment groups.

By the end of BPLA, total and LDL-cholesterol concen-

trations were similar in all four groups (Fig. 2). HDL-

cholesterol and triglyceride levels were influenced both

by assignment to either amlodipine-based or atenolol-

based treatment and by atorvastatin or placebo during

LLA (Fig. 2). However, by the end of BPLA, the lower

levels of HDL-cholesterol and higher triglyceride levels

among those on atenolol-based treatment were only

attributable to BP treatment.

BPs were reduced in LLA more rapidly in those assigned

amlodipine-based treatment compared with atenolol-

based treatment, but by the end of BPLA differed by

only about 1 mmHg systolic (Fig. 3). Compared with

placebo, assignment to statin had a negligible overall

effect on BP values.

By the end of LLA, compared with placebo, allocation to

atorvastatin reduced the incidence of the primary end-

point of nonfatal MI and fatal CHD significantly by 53%

[hazard ratio 0.47, confidence interval (CI) 0.32–0.68,

P< 0.0001] among those allocated the amlodipine-based
opyright © Lippincott Williams & Wilkins. Unauth
regimen (Fig. 4). Among those allocated atenolol-based

treatment, the primary endpoint was reduced by only

14% (hazard ratio 0.86, CI 0.62–1.20, P¼ 0.38) (Fig. 5,

test for heterogeneity P¼ 0.017).

By the end of BPLA, these risk reductions associated

with atorvastatin were 46% (hazard ratio 0.54, CI 0.40–

0.72, P< 0.0001) and 25% (hazard ratio 0.75, CI 0.57–

0.97, P¼ 0.031) for amlodipine-based and atenolol-based

treatment, respectively (P heterogeneity¼ 0.10). By the

end of LLA, compared with placebo, atorvastatin

reduced the incidence of stroke by 24% (hazard ratio

0.76, CI 0.52–1.11, P¼ 0.15) in those assigned amlodipine-

based treatment (Fig. 4, Table 1) and by 19% (hazard

ratio 0.81, CI 0.58–1.13, P¼ 0.21) in those assigned

atenolol-based treatment (Fig. 5) (P heterogeneity¼
0.81). By the end of BPLA, the risk reduction associated

with atorvastatin was 37% (hazard ratio 0.63, CI 0.46–

0.87, P¼ 0.004) in those assigned amlodipine-based treat-

ment and 10% (hazard ratio 0.90, CI 0.69–1.18, P¼ 0.44)

in those assigned atenolol-based treatment (Figs 4 and 5)

(P heterogeneity¼ 0.10). For the combined endpoint

of total cardiovascular events and procedures, risk

reductions associated with atorvastatin compared with

placebo were very similar at the end of LLA and BPLA for

both antihypertensive treatment regimens [for amlodipine

based, 28%, hazard ratio 0.72, CI 0.59–0.87, P< 0.001 at

the end of LLA and 27%, hazard ratio 0.73, CI 0.63–0.86,

P< 0.0001 at the end of BPLA (Fig. 4), and for atenolol

based, 17%, hazard ratio 0.83, CI 0.70–0.99, P¼ 0.038 at

the end of LLA and 13%, hazard ratio 0.87, CI 0.76–1.0,
orized reproduction of this article is prohibited.
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Fig. 2

Lipid profiles over time throughout double-blind atorvastatin/placebo and follow-up period for total cholesterol (a), low-density lipoprotein
cholesterol (b), high-density lipoprotein cholesterol (c), and triglycerides (d), for those assigned amlodipine-based and atenolol-based treatment.
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Fig. 3

A time course of blood pressure levels throughout lipid-lowering arm
and to the end of blood pressure-lowering arm by amlodipine-based
and atenolol-based treatment allocation and statin and placebo. DBP,
diastolic blood pressure; SBP, systolic blood pressure.
P¼ 0.054 at the end of BPLA (Fig. 5)] (P heterogeneity at

the end of BPLA¼ 0.11). For other prespecified end-

points, risk reductions were also very similar at the two

time points (Figs 4 and 5).

When the effects of amlodipine-based treatment in those

assigned atorvastatin are compared with atenolol-based

treatment in the absence of atorvastatin, almost all end-

points are significantly reduced among those on statin-

based and amlodipine-based therapy at the end of both

LLA and BPLA (Fig. 6).

We have previously reported that, overall, the number of

serious adverse events and rates of liver enzyme abnorm-

alities did not differ between those assigned either ator-

vastatin or placebo [1]. The same finding was evident

when the two BP-lowering regimens were evaluated

separately.

Discussion
We have now had the opportunity to follow patients

initially entered into the LLA for a further 2.2 years
rized reproduction of this article is prohibited.
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Fig. 4

Effects of atorvastatin versus placebo on prespecified endpoints at the end of lipid-lowering arm (3.3 years) and at the end of blood pressure-
lowering arm (5.5 years) in those assigned amlodipine-based treatment. Point estimates are given with 95% CI. Amlo, amlodipine; Atorva,
atorvastatin; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; Ev rate, event rate per 1000 patient–years; HR, hazard ratio;
Plac, placebo.

Fig. 5

Effects of atorvastatin versus placebo on prespecified endpoints at the end of lipid-lowering arm (3.3 years) and at the end of blood pressure-
lowering arm (5.5 years) in those assigned atenolol-based treatment. Point estimates are given with 95% CI. Aten, atenolol; Atorva, atorvastatin;
CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; Ev rate, event rate per 1000 patient–years; HR, hazard ratio; Plac,
placebo.
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and to ascertain, according to BP treatment, the continu-

ing effect of atorvastatin on all cardiovascular endpoints.

During the LLA extension, statins were offered to those

formerly assigned placebo, and some of those originally

assigned atorvastatin stopped taking it. Thus, at the end

of BPLA, at 5.5 years, statin use was similar amongst

those previously assigned atorvastatin and placebo, which

explains the virtually identical levels of total cholesterol

and LDL-cholesterol in the two groups at the end of

the trial.

We have previously demonstrated that the overall

benefits of atorvastatin are maintained for a further

2.2 years, following the closure of LLA. We now show,

however, that the effect on several endpoints is observed

in each of the BP-lowering groups, but most notably in

those assigned amlodipine-based treatment. In those

originally assigned atenolol-based treatment, some of

the early, but nonsignificant, benefits of atorvastatin

have become significant owing to an increase in the

number of events, despite little change in hazard ratios.

Possible explanations for these findings included carry-

over benefits in those originally assigned atorvastatin, but

who stopped taking the drug and some delay in the onset

of benefits in those formerly assigned placebo who had

started taking statins.

Similar extended benefits following withdrawal of statin

treatment have also been reported in three other trials,

the Scandinavian Simvastatin Survival Study (4S) [6], the

Long Term Intervention with Pravastatin in Ischemic

Disease Study (LIPID) [7] and the West of Scotland

Coronary Prevention Study (WOSCOPS) [8]. Whether

these benefits can be attributed to plaque stabilization or

other mechanisms is uncertain.

Although by the end of the trial differences in lipid values

attributable to statin use have been minimized, the

effects of amlodipine-based and atenolol-based treat-

ment, particularly on HDL-cholesterol and triglycerides,

remain extant. We have previously suggested that in-trial

differences in HDL-cholesterol might explain some of

the differences in CHD outcome between different

BP treatments, and these are certainly maintained

throughout the trial [9].

We have previously proposed a hypothesis that the BP-

lowering regimens used and lipid lowering with statins

might interact in either a positive or negative way in

relation to cardiovascular disease prevention [2]. We have

reported that, for CHD events only, there appeared to be

synergy between BP-lowering with amlodipine-based

treatment and lipid lowering with atorvastatin, with a

relative risk reduction associated with atorvastatin in the

primary endpoint of nonfatal MI and fatal CHD of 53% in

those assigned amlodipine-based treatment, but only
rized reproduction of this article is prohibited.
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Fig. 6

Effects of amlodipine-based treatment in those assigned atorvastatin versus atenolol-based treatment without atorvastatin on prespecified endpoints
at the end of lipid-lowering arm and at the end of blood pressure-lowering arm. Point estimates are given with 95% CI. Amlo, amlodipine; Aten,
atenolol; Atorva, atorvastatin; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; Ev rate, event rate per 1000 patient–years;
HR, hazard ratio; Plac, placebo.
16% in those assigned atenolol-based treatment [2]

(revised values in the latest analysis are 53 and 14%,

respectively, P heterogeneity¼ 0.017), and there has

been much speculation as to whether this is a real

synergistic effect (for which there is a potential molecular

mechanism) [10,11] or whether the observations could

have been a chance finding. More data from clinical trials

are required to confirm or refute this hypothesis.

After a further 2.2 years, by the end of BPLA, there

remain substantial benefits of atorvastatin compared with

placebo, in those assigned amlodipine-based treatment,

not only on coronary end points, but also on stroke and

several other cardiovascular endpoints. Rigorous tests of

heterogeneity on the comparison of amlodipine-based

and atenolol-based treatment in those with and without

assignment to atorvastatin failed to reach significance, but

P values for heterogeneity for the primary and some

secondary endpoints were low (P¼ 0.1), and because of

the size of many of the subgroups, the power to detect a

significant interaction was low. Moreover, substantial

crossover between placebo assignment and atorvastatin

and vice versa during follow-up would also reduce the

likelihood of demonstrating an interaction between lipid-

lowering and particular BP-lowering regimens. Never-
opyright © Lippincott Williams & Wilkins. Unauth
theless, despite these shortcomings, coassignment to the

statin appeared to enhance the beneficial effects of

amlodipine-based therapy over atenolol-based therapy

on some cardiovascular endpoints. Further clinical data

are, however, required to confirm these findings.

These results support our previous findings that there are

substantial benefits on cardiovascular outcome in hyper-

tensive patients for whom both lipid lowering and BP

lowering, particularly with an amlodipine-based regimen,

have been combined.
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