ETHNIC VARIATIONS IN LIPID-LOWERING IN RESPONSE TO A STATIN (EVIREST):
A SUBSTUDY OF THE ANGLO-SCANDINAVIAN CARDIAC OUTCOMES TRIAL (ASCOT)

Background: Statins improve lipid profiles and
reduce cardiovascular morbidity and mortality
but there are few data on their relative effects
in different ethnic groups.

Methods: We used data from the randomised,
placebo-controlled Anglo-Scandinavian Cardi-
ac Outcomes Trial-Lipid Lowering Arm (AS-
COT-LLA) to conduct a prespecified compar-
ison of the lipid-lowering efficacy of statin
therapy among hypertensive participants from
different ethnic groups in the UK and Ireland.
The effects of atorvastatin (10mg daily) and
placebo on fasting plasma lipid profiles were
compared in matched groups of Whites and
Blacks (of African-Caribbean or African origin)
and Whites and South Asians (from the Indian
subcontinent), adjusting for placebo effect.

Results: In the active treatment group, 156
Blacks and 72 South Asians were compared
with 419 and 198 Whites, respectively. In
multivariable analyses adjusted for baseline
lipid levels and other potential confounders,
atorvastatin reduced total cholesterol, low-
density lipoprotein (LDL)-cholesterol and tri-
glycerides from baseline in all ethnic groups.
There were no clinically or statistically signif-
icant differences in the effect between Whites
and Blacks or between Whites and South
Asians after adjusting for placebo effect; similar
proportions in each group achieved lipid
targets. There was no significant effect of
atorvastatin - on  high-density  lipoprotein
(HDL)-cholesterol in any group.

Conclusions: A standard dose of atorvastatin
improved lipid profiles to a similar extent in
Whites, Blacks and South Asians. Given the
proven benefits of statins, these results suggest
that, when used in standard doses, they are
likely to be similarly effective for cardiovascular
disease prevention in all ethnic groups. (Ethn
Dis. 2011;21(2):150-157)
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INTRODUCTION

Statins (3-hydroxy-3-methylglutaryl
coenzyme A [HMGCoA] reductase
inhibitors) lower low-density lipopro-
tein (LDL) cholesterol and have been
shown to cause important reductions
in coronary and other cardiovascular
events as well as all-cause mortality.'
Although the lipid-lowering effects of
statins have been demonstrated in a
variety of non-White populations,”""
there is some evidence from observa-
tional studies suggesting that different
ethnic groups may differ in their
responsiveness.”' "2 The existence of
any such differences may have impor-
tant implications for cardiovascular
disease prevention. However, few data
published so far have directly compared
the lipid-lowering efficacy of statins in
different ethnic groups within (or
between) randomised trials.'>~°

We therefore used data from the
Anglo-Scandinavian Cardiac Outcomes
Trial-Lipid Lowering Arm (ASCOT-
LLA) to conduct a prespecified com-
parison of the lipid-lowering efficacy of
atorvastatin among different ethnic
groups in the United Kingdom and
Ireland. Here we present the findings of
the Ethnic Variations in Response to a
Statin (EVIREST) Study, a substudy of
ASCOT-LLA, which aimed to compare
the impact of atorvastatin among White
participants compared with Blacks (of
African-Caribbean and African origin),
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...few data published so far
have directly compared the
lipid-lowering efficacy of
statins in different ethnic
groups within (or between)

randomised trials. >

and those of South Asian origin (from
the Indian subcontinent).'®

METHODS

ASCOT was a multicenter, interna-
tional, randomised trial, which com-
pared two antihypertensive strategies for
the prevention of coronary heart disease
(CHD) and vascular events in patients
with hypertension and at least three
additional cardiovascular risk factors but
no history of CHD."” In addition, by
means of a two-by-two factorial design,
ASCOT included a double-blind ran-
domised comparison of the effects of
atorvastatin with placebo among those
participants with total cholesterol
=6.5 mmol/L. The trial conformed to
good clinical practice guidelines and was
conducted in accord with the Declara-
tion of Helsinki. The protocol was
reviewed and ratified by central and
regional ethics review boards or by
national ethics and statutory bodies as
appropriate in each country.

The methods and main results of
ASCOT-LLA have been described pre-
viously."”'® Briefly, participants eligible
for inclusion in the blood pressure-
lowering arm were randomised to a



blood pressure-lowering regimen based
on either amlodipine (with perindopril
added as required to achieve blood
pressure targets) or atenolol (with
bendroflumethiazide added as re-
quired). Those with total cholesterol
levels =6.5 mmol/L and who were not
taking a statin or fibrate at study entry
were also eligible for inclusion in
ASCOT-LLA and were randomised to
receive either atorvastatin 10mg daily or
matching placebo. Participants could be
included if they were taking lipid-
lowering therapy other than statins and
fibrates. Subsequently, during the trial,
open-label lipid-lowering therapy (in-
cluding additional nonstudy statins)
could be added to randomised treat-
ment at the discretion of investigators if
considered clinically indicated. The
primary outcome was nonfatal myocar-
dial infarction or fatal CHD. Plasma
lipid profiles (total cholesterol, LDL
cholesterol, high-density lipoprotein
[HDL] cholesterol and triglycerides)
were measured on fasting samples (by
a single laboratory for the United
Kingdom and Ireland) at study selec-
tion, randomisation, 6 months, and
then annually until the end of follow-
up. The study was terminated after a
median follow-up of 3.3 years when an
interim safety analysis demonstrated
clear benefits of atorvastatin treat-
ment.'®

EVIREST Study Population

At ASCOT registration, participants
were asked to identify their ethnic origin
as being either White/Europid, or of
African, Oriental, South Asian or
mixed/other origin). For the purpose
of the current analyses, all participants
in the United Kingdom and Ireland
who identified themselves as any eth-
nicity other than White were identified
from the ASCOT-LLA database. For
each Black (of African-Caribbean or
African origin) and South Asian (from
the Indian subcontinent; India, Paki-
stan, Bangladesh and Sri Lanka) indi-
vidual, up to 3 White participants were
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randomly selected from the database
matched for age (£1 year), sex, diabetes
status, study investigator, randomised
group (atorvastatin or placebo) and
study visit at which on-treatment lipid
data were available. Where possible, on-
treatment lipid profiles measured at
6 months were used; if these were not
available then the next nearest available
matched data were used. Other ethnic
groups (eg, Oriental of East Asian
origin, mixed or other) made up only
about 1% of the ASCOT-LLA study
population, thus precluding meaningful
analysis.

Statistical Methods

Baseline characteristics of partici-
pants were compared between ethnic
groups using 7 tests for continuous
variables, %” tests for categorical vari-
ables and Mann-Whitney tests for
skewed data. Assumptions of normality
of lipid parameters were examined prior
to fitting statistical models; as triglycer-
ides were not normally distributed, log-
transformed data were used.

General linear models were used to
perform two separate analyses of chang-
es in lipids from baseline: 1) analysis of
covariance (ANCOVA) with baseline
lipids as a covariate; and 2) multivari-
able analyses adjusted for a priori
confounders (baseline smoking status,
alcohol consumption, body mass index
[BMI], educational level [as a measure
of socio-economic status], and family
history of CHD), baseline lipids and
randomised study blood pressure low-
ering regimen (amlodipine- or atenolol-
based therapy) as covariates. For both
actively-treated and placebo groups,
absolute changes from baseline in each
lipid parameter (and percentage changes
in normally-distributed parameters) in
each ethnic group were estimated using
least squares mean, hereafter referred to
as adjusted mean, and standard error
(SE). For each ethnic group placebo-
corrected adjusted mean changes from
baseline were calculated. P-values were
based on differences in the placebo-
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corrected adjusted mean change be-
tween ethnic groups (White vs Black
or White vs South Asian). Sensitivity
analyses were performed after excluding
placebo-treated participants whose fol-
low-up lipid profiles were measured
while taking open-label lipid-lowering
treatment. Statistical tests were consid-
ered significant at the .05 (2-sided)
level.

The proportions of actively-treated
participants achieving the audit stan-
dards for lipid-lowering proposed in the
2005 UK Joint British Societies’ (JBS2)
guidelines (total cholesterol <5 mmol/L
and LDL-cholesterol <3 mmol/L) were
also compared between the different

ethnic groups.'’

RESULTS

In total, 4853 individuals (2445
assigned atorvastatin and 2408 assigned
placebo) participated in ASCOT-LLA
in the United Kingdom and Ireland and
were potentially eligible for inclusion in
the current analyses (Figure 1). After
matching and the exclusion of partici-
pants without baseline and on-treat-
ment lipid profiles, 156 Black partici-
pants were matched to 419 Whites in
the active treatment limb, and 147
Blacks were matched to 385 Whites in
the placebo limb. Likewise, 72 South
Asian participants were matched to 198
Whites in the active treatment limb, and
80 South Asians were matched to 210
Whites in the placebo limb. Lipid
profiles measured at 6 months post-
randomisation were available for 94%
of participants.

Baseline characteristics of actively-
treated participants for each comparison
set (White vs. Black and White vs.
South Asian) are shown in Table 1.
Compared with Whites, Blacks had
significantly lower total cholesterol,
LDL-cholesterol and triglyceride levels,
lower BMI, higher HDL-cholesterol
and creatinine, greater numbers of
cardiovascular risk factors and were
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UK participants in ASCOT-LLA, n = 4853

v

2445 assigned atorvastatin
White n=2172
Black n=174
South Asian n=76
Others n=23

A

A

2408 assigned placebo
White n=2131
Black n=166
South Asian n=284
Others n=27

»

9 Blacks and 1 South Asian
excluded as unmatched

A

477 Whites matched to 165 Blacks
221 Whites matched to 75 South Asians

.| 8Blacks and 1 South Asian

excluded as unmatched

A

A

449 Whites matched to 158 Blacks
241 Whites matched to 83 South Asians

9 Blacks and 3 South
» Asians excluded dueto
missing lipid data

A

Actively-treated analysis population:

419 Whites matched to 156 Blacks
198 Whites matched to 72 South Asians

11 Blacks and 3 South

Asians excluded due to
missing lipid data

\ 4

A

Placebo-treated analysis population:

385 Whites matched to 147 Blacks
210 Whites matched to 80 South Asians

Fig 1. Flow chart of UK participants in ASCOT-LLA included in EVIREST analyses

more likely to have left full-time
education aged >16 years; they were
less likely to drink alcohol or smoke and
less likely to have a family history of
CHD. Compared with Whites, South
Asians had significantly lower systolic
BP, lower BMI and lower total choles-
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terol levels; they were less likely to
drink alcohol but were more likely to
have left full-time education aged
>16 years. Similar patterns of differ-
ences between ethnic groups were seen
among placebo-treated participants (da-
ta not shown).
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Placebo-corrected mean changes in
lipids in White and Black participants
are shown in Table 2. Among both
groups, atorvastatin produced signifi-
cant placebo-corrected reductions in
total cholesterol, LDL-cholesterol and
triglycerides but had litde effect on
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Table 1. Characteristics at study entry of actively-treated patients in EVIREST by ethnic group
South Asian
White (n=419) Black (n=156) P White (n=198) (n=72) P

Male 341 (81.4%) 124 (79.5%) .61 187 (94.4%) 68 (94.4%) 1.00
Age (Years) 62.7 (7.3) 62.5(7.7) 74 58.8 (7.3) 58.5 (7.5) .70
Randomised to amlodipine-

based therapy 201 (48.0%) 2 (46.2%) .70 116 (58.6%) 38 (52.8%) .39
Current smoker 121 (28.9%) 1 (19.9%) .03 58 (29.3%) 19 (26.4%) .64
Alcohol drinker 325 (77.6%) 91 (58.3%) <.0001 158 (79.8%) 40 (55.6%) .0001
Age >16 years leaving full-

time education 1(21.7%) 4 (41.0%) <.0001 6 (23.2%) 4 (75.0%) <.0001
SBP, mm Hg 1591 (16.1) 1577(16 6) .37 1590(16 3) 153.6 (12.4) .01
DBP, mm Hg 91.3 (9.2) 91.8 (9.4) .59 92.9 (9.6) 91.0 (7.9) 14
Heart rate, bpm 71.5 (12.8) 71.7 (14.2) .83 72.1 (12.9) 75.2 (13.3) .08
BMI, kg/m2 29.6 (5.2) 28.6 (4.3) .04 30.1 (5.0) 27.3 (3.6) <.0001
Total Cholesterol, mmol/L 5.51 (.82) 5.26 (.84) .002 5.52 (.80) 5.23 (.92) .01
LDL-cholesterol, mmol/L* 3.45 (.73) 3.27 (.77) .01 3.42 (.74) 3.25 (.80) 1
HDL-cholesterol, mmol/L 1.27 (.33) 1.47 (.38) <.0001 1.28 (.41) 1.25 (.30) .59
Triglyceride, median (IQR),

mmol/L*t 5 (1.1, 2.1) 0(7,1.4) <.0001 7 (1.2, 2.3) 1.5 (1.2, 2.0) 1
Fasting glucose, mmol/L 6 (2. ) 4 (2.3) .38 9 (2.7) 6.9 (1.9) .88
Creatinine, umol/L* 97 5 (15.1) 109 5(19.1) <.0001 96 4 (14.5) 98.7 (14.4) .26
Prior stroke/TIA 4 (8.1%) 2 (7.7%) .87 4 (7.1%) 3 (4.2%) .38
Diabetes 166 (39.6%) 4 (41.0%) .76 104 (52.5%) 38 (52.8%) 97
Family history of CHD 2 (17.2%) 4 (9.0%) .01 0 (25.3%) 11 (15.3%) .08
Number of vascular risk factors 7 (.9) 0 (1.0) .0005 9 (1.0) 3.7 (.8) 14

Data are mean (SD) or n (%) unless otherwise stated. Patients were matched for age, sex and diabetes status.
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TIA, transient ischaemic

attack; CHD, coronary heart disease.

* Missing low-density lipoprotein data in 42 White, 11 Black and 4 South Asian; missing triglyceride data in 24 White, 10 Black and 2 South Asian participants; missing

creatinine data in 15 White, 3 Black and 2 South Asians.

t Mann-Whitney test.

HDL-cholesterol. There were no statis-
tically significant differences between
the effects of atorvastatin in Whites
and Blacks for any of the parameters
tested. There was no difference in the
proportion of actively-treated partici-
pants achieving target lipid levels (86%
and 82% of Whites and Blacks, respec-
tively; P=.37).

Placebo-corrected mean changes in
lipids in Whites and South Asians are
shown in Table 3.

atorvastatin produced significant place-

In both groups

bo-corrected reductions in total and
LDL-cholesterol. Placebo-corrected re-
ductions in triglycerides were observed
in both groups although this was only of
borderline significance in South Asians.
No effect was observed on HDL-
cholesterol. The effects of atorvastatin
did not differ between Whites and
South Asians for any of the parameters
tested. There was no difference in the

proportion of actively treated partici-
pants achieving target lipid levels (86%
and 83% of Whites and South Asians,
respectively; P=.53).

Discontinuation rates differed sig-
nificantly between the different ethnic
groups; among those assigned active
therapy, 5% of Whites permanently
discontinued statin therapy prior to
measurement of their on-treatment
lipid levels compared with 10% of
Blacks and 13% of South Asians
(P=.02). Sensitivity (on-treatment) ana-
lyses after exclusion of these subjects did
not materially alter the results (data not
shown).

Only 11 placebo-treated participants
(from all ethnic groups) were receiving
open-label lipid-lowering therapy at the
time of their on-treatment blood test.
Repeating analyses after the exclusion of
these participants did not materially
alter the results.
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DISCUSSION

These analyses compared the effects
of atorvastatin in people of different
ethnic groups in the UK and Ireland
who participated in the ASCOT-LLA
study. The results revealed no clinically
or statistically significant differences

.we found no clinically
meaningful or statistically
significant differences in the
lipid-lowering efficacy of
atorvastatin between Whites
and Blacks and Whites and
South Asians.
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Placebo-corrected changes in lipids from baseline during atorvastatin treatment in Whites and Blacks

Table 2.

White vs Black

Black

White

Mean
differencet

Fully adjustedt ANCOVA* Fully adjustedt

ANCOVA*

% difference P

P

%
—19.2

(—=23.2, =15.1)

Mean change

%
-19.7

(—22.5, —16.8)

Mean change

%
-23.1
(=26.1, —20.0)

Mean change

%
—-23.4

(—=25.2, —21.6)

Mean change

-39
(—9.0, 1.2)

—.19
(—.46, .07)

—-1.07

(—1.28, —.85)

—1.08
(—1.23, —=0.93)

-1.26

(=1.42, —1.10)

-1.26

(—=1.35, —=1.16)

Total cholesterol,

13

.16

mmol/L
LDL-cholesterol,

—4.4
(—12.6, 3.8)

-.10
(—.35, .15)

—28.4
(—34.9, —21.9)

—1.01

(—=1.21, —.82)

—30.0
(—34.6, —25.3)

—1.05

(—=1.19, —.91)

—32.8
(—37.8, —27.8)

—=1.12

(=1.27, —.96)

—34.1
(=37.1, =31.2)

~1.14

(=1.23, —1.05)

.30

42

mmol/L
HDL-cholesterol,

.78

9
(—5.2, 6.9)

4
4

003
(—.08, .08)
—.06
(=.20, .09)

(—4.5,5.2)

.02

(—.04, .09)
-.22

(—3.4, 3.6)
(—.33, —.10)

.01

(—.04, .05)
-.15
(—.23, —.06)

1.2
(—2.4, 4.8)

03
(—.02, .07)
27

(—.36, —.19)

7
(=1.5, 2.9)

.01

(—.02, .04)
—-.20

(—.25, —.14)
t Adjusted for baseline lipid value, smoking status, alcohol consumption, BMI, educational level, family history of CHD and randomised study blood pressure lowering regimen (amlodipine- or atenolol-based therapy)

mmol/L
Data are mean or % (95% confidence intervals).
* Adjusted for baseline lipid value

log triglycerides,
mmol/L
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between Whites and Blacks or between
Whites and South Asians in the effect of
atorvastatin on any of the lipid param-
eters tested.

Statins have been shown to safely
and effectively reduce LDL-cholesterol
in a variety of different ethnic groups
including Whites, Blacks, South Asians
and several East Asian populations.zf10
Data from large-scale randomised trials
conducted among predominantly White
populations have further demonstrated
that they also reduce cardiovascular
events and all-cause mortality; each
1 mmol/L reduction in LDL-cholesterol
is associated with a 21% reduction in
major vascular events." However, to
date, there is only limited evidence on
the effects of statins on cardiovascular
morbidity and mortality in non-White
ethnic groups.*’

There is evidence from ethnically
diverse populations, particularly in the
United States, that lipid levels are less
well controlled among non-White
groups than among Whites.”'® The
reasons for this are complex and are
likely to include differences in accessing
health care, statin prescriptions and
treatment concordance. However, there
is also some evidence of ethnic and
genetic differences in the pharmacoki-
netics of, and clinical response to,
statins. For example, certain gene poly-
morphisms associated with reduced
response to statins are more common
in Blacks than Whites,'* and higher
plasma levels of statins have been
demonstrated in East and South Asians

> possibly due

compared with Whites,
to differences in metabolising enzymes
and drug transporter alctivity.5 Early
anecdotal experience among patients
attending a lipid clinic in Singapore,
suggested that statin effects on HDL-
cholesterol might differ between Indian
and Chinese and Malaysian popula-
tions, although this has not been
formally tested due to limited patient
numbers.” Others, meanwhile, have
reported no differences in clinical
response to cerivastatin (now with-
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Table 3.

White vs South Asian

South Asian

White

Mean
differencet

Fully adjustedt ANCOVA* Fully adjustedt

ANCOVA*

% difference P

P

%

=211

(—=26.1, —16.1)

Mean change

%
—22.9

(=26.7, —19.0)

Mean change

%
—21.4

(—=25.3, —=17.5)

Mean change

%
—22.0

(—24.4, —19.6)

Mean change

—.01
(—.36, .34)

—-1.13

(—=1.41, —.86)

—1.24
(—1.45, —1.03)

~1.14

(—=1.36, —.93)

—1.20
(—1.33, —1.07)

Total cholesterol,

(—6.7, 6.0) .92

.96

mmol/L
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drawn) between White, Black and
Japanese patients.””

There are relatively few published
data directly comparing the efficacy of
statins in different ethnic groups within
randomised trials.">"> In the large
(n=8245) placebo-controlled Expanded
Clinical Evaluation of Lovastatin (EX-
CEL) Study,'” active therapy was asso-
ciated with 2.9% to 6.3% greater LDL-
cholesterol reductions (at different doses
of lovastatin) in White patients com-
pared with Blacks. However, these
findings were based on small numbers
of Black participants (between 75 and
90 for different dose comparisons) and
were not statistically robust; after exclu-
sion of outliers differences were reduced
(0% to 2.3%) and no longer significant.
A report comparing the results of two
small uncontrolled open-label studies of
similar design,14 one conducted among
East Asians and non-Asians (from Latin
America, United States, Europe and
South Africa) and the other solely in
East Asians, found similar responses to
simvastatin (in terms of targets achieved
and doses required) in Asian (2=116)
and non-Asian (z=155) participants. A
recent open-label study of the effects of
a single-pill combined antihypertensive-
statin therapy (containing atorvasta-
tin)"”> demonstrated that lipid targets
were achieved in a high proportion of
patients in an ethnically diverse popu-
lation (27 countries from Latin Amer-
ica, the Middle East, Africa and the
Asia-Pacific region) but did not report
in detail the effects on lipid profiles in
different ethnic groups.

Strengths of our analyses include
that they were prespecified in the
protocol of a large randomised con-
trolled trial. The presence of a placebo
arm should have avoided over-estima-
tion of the effect of active treatment.
The relatively large size of ASCOT-LLA
allowed matching of each Black and
South Asian participant to muldple
Whites resulting in closely matched
groups; this minimises confounding
and increases the statistical power of
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the analyses. Although the sample sizes
were limited, particularly for South
Asians, they still represent the largest
published sample that we are aware of to
have compared the effects of statins in
Whites and South Asians. The compar-
ison of the effects in Whites and Blacks
is larger than previously published data
comparing Whites and Blacks (eg, the
EXCEL study)."’

However, we acknowledge that the
current analyses are based on small
numbers and hence provide limited
power to detect small differences be-
tween ethnic groups. Other weaknesses
include the lack of data on other ethnic
groups (particularly East Asians, among
whom plasma levels may differ from
Whites)>'" and uncertainty as to
whether our findings are generalizable
to other ethnic groups or other coun-
tries. It is also possible that participants
in the current study may not be
representative of the UK population;
for example, these analyses are limited
to participants with total cholesterol
=6.5 mmol/L at study entry and the
observed differences in the proportions
of participants leaving full-time educa-
tion >16 years may not be nationally
representative. It is uncertain whether
these findings are generalizable to other
statins since heterogeneity between sta-
tins might explain inconsistencies be-
tween previous studies. The current
analyses did not distinguish between
Blacks of African and those of Caribbe-
an origin and there may be significant
genetic differences between these groups
that may affect statin responsiveness.
Finally, although we found no differ-
ences in the efficacy of statins in the
groups studied, data are insufficient as
yet to confirm that proportionally
similar reductions in lipids would
reduce cardiovascular events to the same
extent in different ethnic groups. How-
ever, the relative effects of statins appear
to be broadly consistent in different
study populations' and existing evi-
dence, albeit limited, shows a beneficial
effect of statins on cardiovascular mor-
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bidity and mortality in non-White
populations.*”

Discontinuation rates differed sig-
nificantly between the different ethnic
groups with higher rates of permanent
discontinuation among non-Whites.
However, ASCOT was not designed to
identify adverse effects associated with
individual drugs and reasons for differ-
ences in tolerability or discontinuation
cannot be reliably determined. Repeat-
ing the analysis after exclusion of those
patients who discontinued active statin
therapy prior to measurement of on-
treatment lipid levels made no material
difference to the results or conclusions.

In conclusion, in the EVIREST
study, we found no clinically meaning-
ful or statistically significant differences
in the lipid-lowering efficacy of atorva-
statin between Whites and Blacks and
Whites and South Asians. Given the
clear benefits of statins on cardiovascu-
lar events and mortality in many
previous trials, the current results sug-
gest that such therapy given in standard
doses to White, Black and South Asian
patients for the primary and secondary
prevention of cardiovascular disease is
likely to be equally effective regardless of
their ethnic origin.
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