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Abstract While conventional pharmacogenetic studies have
considered single gene effects, we tested if a genetic score
of nine LDL- and HDL-associated single nucleotide poly-
morphisms, previously shown to predict cardiovascular dis-
ease, is related to fluvastatin-induced lipid change. In patients
with asymptomatic plaque in the right carotid artery, thus
candidates for statin therapy, we related score LDL
[APOB(rs693), APOE(rs4420638), HMGCR(rs12654264),
LDLR(rs1529729), and PCSK9(rs11591147)] and score HDL
[ABCA1(rs3890182), CETP(rs1800775), LIPC(rs1800588),
and LPL(rs328)] as well as the combined score LDL+HDL to
fluvastatin-induced LDL reduction (+ metoprolol) (n = 395)
and HDL increase (n = 187) following 1 year of fluvastatin
treatment. In women, an increasing number of unfavorable
alleles (i.e., alleles conferring higher LDL and lower HDL)
of score LDL+HDL (P=0.037) and of score LDL (P=0.023)
was associated with less pronounced fluvastatin-induced
LDL reduction. Furthermore, in women, both score
LDL+HDL (P = 0.001) and score HDL (P = 0.022) were di-
rectly correlated with more pronounced fluvastatin-induced
HDL increase, explaining 5.9-11.6% of the variance in treat-
ment response in women. There were no such associations
in men il This suggests that a gene score based on variation
in nine different LDL- and HDL-associated genes is of im-
portance for the magnitude of fluvastatin HDL increase in
women with asymptomatic plaque in the carotid artery.—
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Cardiovascular disease is a major cause of mortality and
morbidity in high- as well as low-income countries (1).
Total and LDL-cholesterol is one of the main risk factors
for ischemic heart disease in middle aged and older sub-
jects (2) and has been shown to be a predictor of coronary
heart disease mortality in a number of different ethnicities
(3, 4). Additionally, a high level of HDL-cholesterol has
been shown to be protective against ischemic heart disease
(2) and to inhibit or even regress atherosclerosis in animal
models (5).

Although lifestyle modifications could achieve a more
favorable lipid profile with lower LDL and higher HDL
(6), drug therapy with statins has been shown to lower
LDL and raise HDL in a more prominent way (7, 8) as well
as to reduce the risk of cardiovascular morbidity and mor-
tality in both primary (8-10) and secondary (8, 11-13)
prevention. Therefore, statins are first line therapy when
lifestyle modifications fail to lower LDL to target levels
(14). However, only one-third of treated patients do reach
their treatment goals (15), and treatment goals for high
risk patients are increasingly more strictly set (16). It is
possible that one reason for not meeting the desirable
lipid levels is the individual genetic differences affecting
lipid and/or statin metabolism.

Earlier research suggests a number of genetic polymor-
phisms influencing blood levels of LDL and HDL (17-22).

Abbreviations: APO, apolipoprotein; BCAPS, B-blocker Choles-
terol-Lowering Asymptomatic Plaque Study; BMI, body mass index;
CVD, cardiovascular disease; hmgcr, HMG-CoA reductase; HRT, hor-
mone replacement therapy; IMT, intima-media thickness; LDLR, low
density lipoprotein receptor; MDC-CC, Malmé6 Diet and Cancer-
Cardiovascular Cohort; SNP, single nucleotide polymorphism.
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A recent study conducted in 20,000 individuals suggested
common variants at 30 loci contributing to polygenic
dyslipidemia (23). Furthermore, pharmacogenetic aspects
of statin therapy have been evaluated and discussed (24).
Several studies have suggested that genetic polymorphisms
of individual genes, known to be involved in lipid metab-
olism (25-30), general drug metabolism (31-34), and
other genes whose relation to lipid metabolism is less clear
(35-37), could influence the outcome of statin therapy.

As single gene polymorphisms usually explain only a
small proportion of population variance in LDL and HDL
(38), each of them is expected to affect cardiovascular out-
come only modestly. On the other hand, a combination of
gene variants adversely affecting LDL and HDL would be
expected to have greater clinical importance. In a middle-
aged population based cohort, the Malmo6 Diet and
Cancer-Cardiovascular Cohort (MDC-CC) (39), we recently
showed that a genetic score based on a combination of
nine common single nucleotide polymorphisms (SNPs),
with each individual SNP having prior evidence of associa-
tion with either LDL [rs693 in apolipoprotein B (APOB),
rs4420638 in APOE, rs12654264 in HMG-CoA reductase
(HMGCR), 151529729 in LDL receptor (LDLR), and
rs11591147 in PCSK9] or HDL (rs3890182 in ABCAI,
rs1800775 in cholesteryl ester transfer protein, rs1800588
in hepatic lipase, and rs328 in LPL) is strongly linearly
associated with both increasing LDL and decreasing HDL.
Furthermore, we found that the same score is indepen-
dently related to incident cardiovascular events and that
it improves individual cardiovascular risk classification as
assessed by using both the Net Reclassification Index and
the Integrated Discrimination Index (40).

Given its strong relationship with both LDL and HDL
levels as well as with increased cardiovascular risk (40),
we hypothesized that this gene score would be related to
the magnitude of LDL reduction and HDL increase during
statin treatment. We tested this hypothesis in a subset of the
MDC-CC population who participated in the 3-blocker Cho-
lesterol-Lowering Asymptomatic Plaque Study (BCAPS) (41)
taking potentially gender-specific response into account.

METHODS

Study population

The MDC study (39) is an epidemiological cohort study of
28,449 subjects recruited between the years of 1991 and 1996.
From this cohort, 6,103 subjects were randomly selected to study
the epidemiology of carotid artery disease, including measure-
ment of intima media thickness, occurrence of plaques, and a
broad range of cardiovascular risk factors, in the MDC-CC. Using
B-mode ultrasound, the right carotid artery bifurcation was
scanned within a predefined window comprising 3 cm of the dis-
tal common carotid artery, the bifurcation, and 1 cm of the inter-
nal and external carotid artery. Intima-media thickness (IMT)
was measured in the far wall according to the leading edge prin-
ciple, using a specially designed computer-assisted image analyz-
ing system. Presence of plaque was defined as focal IMT > 1.2mm.
Subjects with asymptomatic plaques in the carotid artery (i.e.,
subjects with plaques meeting the definition but with no symp-
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toms of carotid artery disease) in the MDC-CC and at the enroll-
ment examination (n = 793) were included in BCAPS. This is a
randomized, double blind, placebo-controlled study that tested
whether treatment with low dose metoprolol (25 mg) and/or
fluvastatin (40 mg) could reduce carotid intima media thickening
in comparison with placebo. Exclusion criteria in the BCAPS
study were a history of myocardial infarction, angina pectoris, or
stroke within the preceding 3 months of the study; history of sur-
gical intervention in the right carotid artery; B-blocker or statin
use; blood pressure >160 systolic or >95 diastolic or hyperglyce-
mia suspected to require insulin treatment (41). Since a triglycer-
ide level exceeding 4.5 mmol/l invalidates the use of the
Friedewald formula, we additionally excluded one subject with a
triglyceride level exceeding this level.

To test our hypothesis, we included all subjects in the BCAPS
study who were randomized to receive either 40 mg fluvastatin
daily (F group, n = 198) or 40 mg fluvastatin plus 25 metoprolol
daily (FM group, n = 197; total n = 395). Clinical characteristics
of the study population are shown in Table 1.

The BCAPS and MDCS-CC study protocols were approved by
the ethics committee at Lund University, and all subjects gave
their written informed consent.

Genotyping and SNP selection

Our study population is a subset of the MDC-CC, and all sub-
jects have thus been genotyped for the nine SNPs included in the
gene score that we have previously shown to be related to blood
levels of LDL and HDL as well as to risk of cardiovascular events
(rs693 in APOB, rs4420638 in APOE, rs12654264 in HMGCR,
rs1529729 in LDLR, and rs11591147 in PCSK9 for LDL and
1rs3890182 in ABCAL, rs1800775 in cholesteryl ester transfer pro-
tein, rs1800588 in hepatic lipase, and rs328 in LPL for HDL)
(40). Fifteen percent of the samples were run in duplicate with-
out any inconsistencies. All genotypes were called by two differ-
entinvestigators. None of the SNPs included significantly deviates
from the Hardy-Weinberg equilibrium in the study population.

Genotype score construction

The concept of genotype score was implemented in our ear-
lier study (40). The genotype score was constructed on the basis
of the number of unfavorable alleles of the nine common SNPs

TABLE 1. Baseline characteristics of the subjects (n = 395)

Men (n=180) Women (n =215)

Mean age, years 62.3 £5.3 61.9+5.1
Cholesterol, mmol/1

Total 6.03 + 0.86 6.22 +1.01°

LDL 4.12 + 0.80 4.20 +£ 0.89

HDL 1.27 £ 0.31 1.47 + 0.35"
Mean IMT, thickness, mm 0.90 £ 0.16 0.89 +0.21
Cholesterol > 5.0 mmol/1, n (%) 164 (91.1) 193 (89.8)
Triglycerides, mmol/1¢ 1.18 (0.86) 1.05 (0.71)
BMI, kg/m” 25.8 + 3.4 25.3+3.5
Systolic blood pressure, mm Hg 139.3 +12.8 139.4 + 14.9
Diastolic blood pressure, mm Hg 86.0 + 6.2 84.0 +7.1°
Blood glucose, mmol/1 5.29 + 0.63 4.98 +0.73°
History of diabetes, n (%) 4(2.2) 4 (1.7)
Smokers, n (%) 60 (33.3) 64 (29.8)
History of CVD, n (%) 16 (8.9) 5(2.3)°

Data are shown as mean = SD if not otherwise specified.
“For Student’s ttest: “ P< 0.05, " P< 0.01, and ‘ P< 0.001.

“Data shown as median (interquartile range).
*Px* (Pearson) = 0.004.



TABLE 2. Association between score and LDL decrease (all subjects)

Min-Max Unadjusted Data Adjusted Data“
B-Coefficient Variance Explained P B-Coefficient ~ Variance Explained P

Score Name mmol/l per point
(Possible Points) (% per point) % %
Score LDL + HDL 4-15 Absolute —0.0200 0.185 0.444 —0.026 0.336 0.306
(0-18) Percentage —0.500 0.250 0.371 —0.676 0.490 0.219
Score LDL 2-8 Absolute —0.0540 0.884 0.094 —0.043 0.593 0.176
(0-10) Percentage —1.18 0.884 0.093 —0.968 0.640 0.158
Score HDL 0-8 Absolute 0.0380 0.292 0.318 0.004 0.0036 0.913
(0-8) Percentage 0.721 0.221 0.383 —0.059 0.0016 0.941

“For residuals adjusted for age and blood glucose at randomization and percentage of BMI change during the study period.

(alleles associated with higher LDL or lower HDL levels; score
LDL + HDL, range 0-18) (40).

In addition to score LDL + HDL, we evaluated a score based
on number of unfavorable alleles of the five SNPs associated spe-
cifically with LDL levels (score LDL; range 0-10) and a score
based on number of unfavorable alleles of the four SNPs associ-
ated specifically with HDL levels (score HDL; range 0-8).

Outcomes

Blood levels of LDL and HDL in the BCAPS study were
obtained at randomization and after 12, 24, and 36 months of
fluvastatin treatment, as described previously (41). LDL was cal-
culated from the formula of Friedewald. Since the effect of statins
on blood cholesterol is usually rapid, and because dropout rate
increases and compliance may decrease with time, we used the
change of LDL and HDL from baseline to12 months of fluvastatin
treatment as the outcome variable.

From the two measurements (baseline and 12 months) we cal-
culated an absolute difference and a percentage (absolute differ-
ence divided by baseline value * 100) change of LDL and HDL.
As mean LDL levels are expected to decrease and mean HDL
levels are expected to increase during statin treatment, we
defined mean LDL change as (baseline LDL — 12 months LDL)
and mean HDL change as (12 months HDL — baseline HDL).

Statistical analysis

All statistical analyses, except from Power, were conducted
using SPSS 16.0. Power was calculated by PS 3.0 from Dupont.
Data are given as means = SD unless otherwise specified. The
significance of changes in LDL and HDL during fluvastatin treat-
ment was tested using one-sample #test. Group-wise differences
in clinical characteristics were tested using independent samples
ttest for continuous and x2 test for dichotomous variables. The
LDL and HDL change during fluvastatin treatment related to
genotype scores was assessed using linear regression analysis in

unadjusted and adjusted models. In the adjusted models, residu-
als of LDL and HDL change, adjusted for age, percentage of
body mass index (BMI) reduction during the study period, and
baseline blood glucose, were entered as dependent variable and
genotype score as the independent variable. We tested for inter-
action between genotype score and age (genotype score x age,
genotype score and age as independent variables) and between
genotype score and sex (genotype score x sex, genotype score
and sex as independent variables) on the outcome of LDL and
HDL change during fluvastatin treatment. Since hormone
replacement therapy (HRT) was not an exclusion criteria, we
also tested for interaction between genotype score and HRT
(genotype score x HRT, genotype score and HRT as indepen-
dent variables) on the outcome of LDL and HDL in women.

As a secondary analysis, associations between single SNPs
and LDL and HDL change during fluvastatin treatment were
tested using linear regression, assuming an additive model of
inheritance.

A Pvalue of <0.05 was considered significant. The ttests were
two-tailed unless otherwise indicated in the text.

RESULTS

Population characteristics

The baseline characteristics of the 395 subjects treated
with fluvastatin are shown in Table 1. Age and BMI were
similar between sexes. The mean IMT thickness in the
common carotid artery did not differ significantly between
sexes. Women had higher total cholesterol and HDL than
men, and a history of cardiovascular disease (CVD) was
more common in men than in women. There were no sig-
nificant differences in baseline variables between the F
and the FM group (data not shown).

TABLE 3. Association between score and LDL decrease (men)

Min-Max Unadjusted Data Adjusted Data“
B-Coefficient Variance Explained P B-Coefficient Variance Explained P
Score Name mmol/l per point

(Possible Points) (% per point) % %
Score LDL + HDL 7-15 Absolute 0.0500 1.44 0.154 0.026 0.410 0.449
(0-18) Percentage 0.774 0.656 0.337 0.206 0.0529 0.790
Score LDL 3-8 Absolute 0.0140 0.0576 0.776 0.002 0.0016 0.966
(0-10) Percentage 0.111 0.00810 0.919 —0.160 0.0169 0.879
Score HDL 2-7 Absolute 0.100 2.34 0.058 0.061 1.00 0.226
(0-8) Percentage 1.75 1.37 0.150 0.832 0.348 0.473

“ For residuals adjusted for age and blood glucose at randomization and percentage of BMI change during the study period.
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Complete genotype data to construct score LDL + HDL,
score LDL, and score HDL were available for 342, 344, and
363 subjects, respectively. Measures of LDL and HDL after
12 months were available for 371 and 375 subjects, respec-
tively. Consequently, gene score analyses on LDL change
could be conducted in a total of 319, 321, and 339 subjects
for score LDL + HDL, score LDL, and score HDL, respec-
tively. Similarly, gene score analyses for HDL change could
be conducted in 323, 325, and 343 subjects for score
LDL + HDL, score LDL, and score HDL, respectively.

Change of LDL

At 12 months of treatment, LDL was significantly
reduced by an average of 0.909 + 0.76 mmol/l and 21.11 +
16.8% (one-tailed #test, P< 0.001 for both). There was no
significant difference in LDL reduction between sexes

(data not shown). The magnitude of LDL reduction did
not significantly differ between the F (n = 185) and the FM
(n=186) groups (0.905 + 0.77 mmol/1 versus 0.913 + 0.75;
P=0.92 and 20.90 + 16.8% versus 21.33 + 16.8%; P=0.80).
The extent of LDL decrease was positively correlated to
age (P < 0.001 for absolute and percentage of reduction)
and percentage of BMI reduction during the study period
(P = 0.005 for absolute and P = 0.003 for percentage of
LDL reduction), with higher age and more BMI reduction
resulting in a greater LDL reduction. There was no signif-
icant association between baseline blood glucose and the
magnitude of LDL reduction (data not shown).

Change of LDL and score models

There was no significant association between geno-
type scores and LDL change in the group including
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Fig. 1.

The relationship between score LDL + HDL and percentage of LDL decrease among men (A) and

women (B) after 12 months of fluvastatin therapy. A higher score corresponds to a higher number of unfa-
vorable alleles in lipid-regulating genes (resulting in higher baseline LDL or lower HDL levels). In women,
a higher score LDL + HDL confers a less prominent response to statin treatment.
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TABLE 4. Association between dcore and LLDL decrease (women)

Min-Max Unadjusted Data Adjusted Data“
B-Coefficient Variance Explained P B-Coefficient Variance Explained P

Score Name mmol/l per point

(Possible Points) (% per point) % %

Score LDL + HDL 4-14 Absolute —0.0800 2.66 0.031 -0.073 2.37 0.046
(0-18) Percentage —1.62 2.50 0.037 —1.55 2.43 0.043
Score LDL 2-8 Absolute —0.101 2.92 0.023 —-0.074 1.69 0.089
(0-10) Percentage —2.11 2.92 0.023 —1.61 1.82 0.078
Score HDL 0-8 Absolute —-0.014 0.0400 0.789 —0.049 0.49 0.349
(0-8) Percentage —0.132 0.00810 0.908 —0.909 0.38 0.411

“ For residuals adjusted for age and blood glucose at randomization and percentage of BMI-change during the study period.
Bold indicates significant Pvalue as described in the Method section.

both sexes (Table 2); however, interaction analyses
revealed a significant interaction between sex and score
LDL + HDL on fluvastatin-induced LDL change (P =
0.012 for absolute and P= 0.033 for percentage). In line
with this finding, there was no significant association
between score LDL + HDL and LDL change or between
score LDL and LDL change among men (Table 3, Fig.
1A), whereas among women, score LDL + HDL and
score LDL were significantly associated with absolute as
well as percentage of LDL change, with a higher score
resulting in a smaller LDL reduction (Table 4, Fig. 1B).
The significance remained after adjustment for age,
percentage of BMI reduction, and baseline blood glu-
cose for score LDL + HDL, whereas for score LDL, the
significance was slightly attenuated. Score HDL was not
associated with fluvastatin-induced change of LDL. We
found no evidence of interaction between age and geno-
type scores or between HRT and genotype scores on the
outcome of LDL.

Change of LDL and single SNPs

None of the individual SNPs were associated with LDL
change in the entire study population (see supplementary
Table IA). Among men, there was an association between
absolute LDL change and the APOB polymorphism (rs693)
and absolute and percentage of LDL change and the
HMGCR polymorphism (rs12654264) (see supplementary
Table IB). The association for the APOB polymorphism was
positively correlated; thus, the more unfavorable alleles,
the greater LDL reduction. The HMGCR polymorphism

showed an inverse relationship, with more unfavorable
alleles resulting in a smaller magnitude of LDL reduction
(see supplementary Table IB). Among women, there was
no significant association between any single SNP and LDL
change (see supplementary Table IC).

Change of HDL

In the F group (n = 187), there was a significant percent-
age of increase of HDL of 2.58 + 13.8% (one-tailed ¢test, P=
0.006) and a significant absolute increase of 0.0258 +
0.20 mmol/1 (one-tailed #test, P=0,037) after 12 months
fluvastatin treatment. By contrast, in the FM group (n =
188), there was a nonsignificant percentage of HDL
decrease by an average of 0.909 + 11.9% (one-tailed ttest,
P=0.149) and a significant absolute decrease of 0.0262 +
0.18 mmol/1 (one-tailed #test, P=0.021) after 12 months.
There was a significant difference in statin-induced HDL
change between subjects with and without simultaneous
metoprolol treatment (P=0.007 for absolute and P=0.009
for percentage of change). Thus, in order to exclude the
confounding effect of metoprolol on HDL levels, which is
well known from previous trials of 3-blockers (42), all the
analyses of HDL changes were performed exclusively on
the F group (complete data for score LDL + HDL, score
LDL, and score HDL for 160, 162, and 169 subjects,
respectively).

There was no difference of HDL change between sexes,
and age, baseline blood glucose, and percentage of change
of BMI during the study period did not affect HDL change
(data not shown).

TABLE 5. Association between score and HDL increase (all subjects)

Min-Max Unadjusted Data Adjusted Data“
B-Coefficient Variance Explained P B-Coefficient Variance Explained P

Score Name mmol/l per point
(Possible Points) (% per point) % %
Score LDL + HDL 4-15 Absolute 0.0250 4.80 0.005 0.027 5.76 0.003
(0-18) Percentage 1.54 4.00 0.011 1.61 4.37 0.009
Score LDL 2-8 Absolute 0.0170 1.25 0.155 0.020 1.90 0.085
(0-10) Percentage 1.12 1.23 0.161 1.24 1.49 0.127
Score HDL 0-7 Absolute 0.0310 3.53 0.014 0.032 3.61 0.014
(0-8) Percentage 1.85 2.66 0.035 1.90 2.76 0.033

“ For residuals adjusted for age and blood glucose at randomization and percentage of BMI change during the study period.

Bold indicates significant P-value as described in the Method section.
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TABLE 6. Association between score and HDL increase (men)

Min-Max Unadjusted Data Adjusted Data“
B-Coefficient Variance Explained P B-Coefficient Variance Explained P

Score Name mmol/l per point

(Possible Points) (% per point) % %

Score LDL + HDL 7-15 Absolute 0.00200 0.0361 0.868 0.003 0.116 0.774
(0-18) Percentage 0.271 0.123 0.763 0.260 0.123 0.769
Score LDL 3-8 Absolute —0.006 0.212 0.692 —0.003 0.0441 0.860
(0-10) Percentage —0.187 0.0289 0.883 —0.147 0.0196 0.907
Score HDL 2-7 Absolute 0.012 0.656 0.473 0.011 0.593 0.499
(0-8) Percentage 0.841 0.548 0.517 0.818 0.533 0.521

“For residuals adjusted for age and blood glucose at randomization and percentage of BMI change during the study period.

Change of HDL and score models

In the F group, there was a significant association
between absolute and percentage of HDL increase and
score LDL + HDL and score HDL (Table 5). The relation-
ship remained significant after adjustment for age, per-
centage of BMI reduction, and baseline blood glucose. A
higher score generated a more prominent HDL increase
after fluvastatin treatment (Table 5). As was the case for
fluvastatin-induced LDL change, there was a significant
interaction between sex and score LDL + HDL on HDL
change during fluvastatin treatment (P = 0.015 for abso-
lute P = 0.047 for percent). In men, there was no signifi-
cant relationship between score LDL + HDL or score HDL
and HDL change (Table 6, Fig. 2A), while in women, there
was a strong direct relationship between fluvastatin-
induced HDL increase and score LDL + HDL and between
fluvastatin-induced HDL increase and score HDL (Table
7, Fig. 2B), implying that a higher score was associated
with a more prominent HDL increase following 12 months
of fluvastatin treatment. The significance remained after
adjustments (Table 7). Score LDL was not significantly
associated with fluvastatin-induced HDL change (Tables
5-7). There was no evidence of interaction between
genotype scores and age, or between genotype scores and
HRT on the outcome of HDL levels.

Change of HDL and single SNPs

In the F group, the APOB polymorphism (rs693) showed
an association with percentage of HDL increase, with more
unfavorable alleles resulting in a more prominent HDL
increase (see supplementary Table IIA). Furthermore,
there was a significant association between the LPL poly-
morphism (rs328) and absolute HDL increase, with more
unfavorable alleles resulting in a larger HDL increase
response to treatment. No single SNP showed any associa-
tion among men (see supplementary Table IIB). Among
women, LPL (rs328) showed an association to absolute
and percentage of HDL increase, with more unfavorable
alleles resulting in a higher HDL level after statin treat-
ment (see supplementary Table IIC).

Power calculations

As we detected a significant association between HDL
change and LDL + HDL score in women, we tested whether
we were powered enough to detect similar effects in the

630 Journal of Lipid Research Volume 51, 2010

smaller group of males. At o 0.05, we had 89% power to
detect such an effect in males. As we also detected a signif-
icant association between LDL change and score LDL +
HDL in women, we performed the same test here. At o
0.05, we had 48% power to detect such an effect in males.

DISCUSSION

The key findings of our study are that a genotype score,
recently shown to influence blood levels of LDL, HDL, and
CVD risk at the population level (40), is associated with
variation in fluvastatin treatment response in women with
asymptomatic carotid plaques. The associations between
the genotype score and fluvastatin-induced LDL and HDL
changes were dependent on gender, as demonstrated by
significant interactions between genotype score and gen-
der. Consequently, there was no association between geno-
type score and fluvastatin response in males.

The strongest association of genotype scores was
observed with fluvastatin-induced HDL response, where
score LDL + HDL explained up to 12% of the variance of
fluvastatin-induced HDL change in women. The propor-
tion of variance of LDL response explained by score LDL +
HDL was ~2% but marginally significant in women only.
Although statin treatment primarily affects LDL, the pro-
portion of variance of HDL change explained by score
LDL + HDL in women was large. Thus, the genetic associa-
tion with both HDL and LDL change may be of some clini-
cal importance.

As we hypothesized, introducing the gene score concept
in this pharmacogenetic setting seems to be more infor-
mative as compared with the study of single gene effects.
Although the unfavorable allele of all individual HDL and
LDL SNPs had positive point estimates of the B-coefficient
in relation to the statin-induced percentage of HDL
increase in women, only one of the individual HDL
SNPs was significant (LPL rs328 for HDL response). Simi-
larly, all individual LDL SNPs were negatively but nonsig-
nificantly related to percentage of statin-induced LDL
decrease among women. Thus, score LDL + HDL seems to
be more informative than its individual SNP components
regarding the effect of statin treatment, at least in women.
However, considering the skew distribution of many of the
individual SNPs in this cohort, we were not adequately
powered to detect significant associations in many of these



analyses. Thus, our results involving single SNPs should be
interpreted with great caution.

The association between score LDL + HDL and LDL
response in women was clearly driven by the combined
effect of the five LDL SNPs (i.e., score LDL), and the
directionality of the association showed that the LDL low-
ering effect of fluvastatin was gradually attenuated with
increasing number of LDL elevating alleles, suggesting
resistance to fluvastatin treatment in subjects with a high
score LDL and score LDL + HDL. However, the Pvalues
were modest and did not remain significant after Bonfer-
roni corrections for multiple testing. This weakens the
conclusions that can be drawn from the LDL + HDL score
on LDL change in women, although the trend is an inter-
esting finding.

The association between score LDL + HDL and HDL
response in women seemed to be driven by both the five
LDL SNPs and the four HDL SNPs, although more strongly
by the four HDL SNPs (score HDL). Here, an increasing
number of unfavorable score LLDL. + HDL and score HDL
alleles was associated with a more pronounced statin-
induced HDL elevation. The significance remained after
Bonferroni corrections for multiple testing were made.
The elevation of HDL with more unfavorable alleles (a
high score LDL+HDL) could be contrasted to the trend of
attenuation of LDL lowering in those subjects. Thus, from
a strict clinical point of view, it can be questioned whether
the fluvastatin resistance in LDL response or the more
beneficial effect of fluvastatin on HDL response, in sub-
jects with a high score LDL + HDL, is the more important
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Fig. 2.

The relationship between score LDL + HDL and percentage of HDL increase among men (A) and

women (B) after 12 months of fluvastatin therapy. A higher score corresponds to a higher number of unfa-
vorable alleles in lipid regulating genes (resulting in higher baseline LDL or lower HDL levels). As a group,
the treatment response in HDL was small; however, the figure shows high interindividual variation in HDL
treatment response depending on score LDL + HDL in women.
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TABLE 7. Association between score and HDL increase (women)

Min-Max Unadjusted Data Adjusted Data“
B-Coefficient Variance Explained P B-Coefficient Variance Explained P

Score Name mmol/l per point

(Possible Points) (% per point) % %

Score LDL + HDL 4-14 Absolute 0.045 12.9 0.001 0.045 12.6 0.001
(0-18) Percentage 2.68 11.6 0.001 2.64 11.2 0.002
Score LDL 2-8 Absolute 0.032 4.20 0.056 0.032 4.28 0.059
(0-10) Percentage 1.98 4.20 0.057 1.96 4.04 0.067
Score HDL 0-7 Absolute 0.048 7.08 0.012 0.050 7.13 0.013
(0-8) Percentage 2.75 5.90 0.022 2.84 6.05 0.022

“ For residuals adjusted for age and blood glucose at randomization and percentage of BMI change during the study period.
Bold indicates significant P-value as described in the Method section.

and whether the net effect on cardiovascular outcome
would be similar as in the population as a whole. As signif-
icance after Bonferroni correction for multiple testing
remained for the results of HDL only, our study mainly
highlights the genetic susceptibility for HDL-elevating
properties of fluvastatin in women and suggest this might
be the most important finding. However, from a mecha-
nistic point of view, we also find it informative that LDL
response is primarily influenced by score LDL, whereas
HDL response is mostly influenced by score HDL.

Recently, after score LDL + HDL was originally defined
(40), the knowledge of LDL. and HDL genetics have greatly
advanced with several novel gene discoveries (38). Studies
incorporating such novel cholesterol regulating SNPs into
extended score models, in order to test if a greater propor-
tion of the variance in statin-induced LDL and HDL
response can be explained, are warranted.

There were significant interactions between score
LDL + HDL and gender on both LDL response and HDL
response, and significant associations between genetic
scores and LDL and HDL responses were found in women
only. Earlier studies of gender differences in statin-induced
changes of lipoproteins are not very abundant. Sakabe
et al. (43) found that 3 months atorvastatin treatment
lowered small dense LDL. more in women than in men.
Nakajima (44) noted a greater LDL reduction in women
than in men with hypercholesterolemia after 12 months of
simvastatin treatment. Fluvastatin pharmacokinetics has
not been shown to be different among sexes (45). How-
ever, Leitersdorf (46) found a significantly greater HDL
increase in women compared with men treated with flu-
vastatin because of familial hypercholesterolemia.

In our study, there was no significant sex difference in
total LDL or HDL hange during the study period; how-
ever, the association with score LDL + HDL was clearly
dependent on gender. Previous studies on single gene
pharmacogenetic associations have suggested that women,
but not men, respond with greater HDL increase after sta-
tin therapy depending on polymorphisms in genes coding
for Estrogen Receptor Alpha (ESRI) and APOA-1 (35),
which is in line with our findings that women are more
genetically sensitive to HDL response during statin treat-
ment. Pedro-Botet et al. (47), on the other hand, reported
a greater magnitude of LDL reduction in men, but not
women, depending on the epsilon2 allele of APOE. The
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lack of evidence regarding effect on clinical outcome fol-
lowing primary prevention with statins among women (10,
48, 49) and the fact that some studies show greater HDL
elevating and LDL lowering effects in women compared
with men suggests that pharmacogenetic gender differ-
ences may be important to take into account in outcome
studies of statin therapy involving both sexes. However, we
were not adequately powered to detect an association
between the magnitude of LDL change and score in men.
Thus, these results have to be interpreted with caution.
Importantly, the clinical role of the gender-specific
response to statins deserves further evaluation. However,
although the HDL elevating effect of statins is marginal on
the average, statins may be beneficial for improvement of
HDL in a subset of women with high score LDL + HDL.
Such an effect could be important, considering that a
higher HDL level after 3 months of statin treatment has
been shown be associated with protection from major car-
diovascular events (50) and since novel therapies devel-
oped to increase HDL did not lead to an overall benefit on
endpoints (51-54).

Our study population consisted of middle-aged and
older subjects with asymptomatic carotid plaques. Thus,
the population has significant atherosclerosis and is thus
relevant to study in this respect as such patients would
commonly be subject to statin therapy in clinical practice.
Furthermore, considering the generally high prevalence
of carotid plaque at these ages (55), the results could be
generalized to a large proportion of the population aged
over 50 years.

We do acknowledge that our study included a small
number of subjects and that our results need to be repli-
cated in a larger cohort before any clinical conclusions
can be drawn. Furthermore, from a clinical point of view,
the debate on how much the protective effect of statins
could be attributed to factors other than their cholesterol-
modifying effects (56-60) makes pharmacogenetic studies
with hard endpoints as the outcome warranted. In our
study, we did not have power to study whether the associa-
tion between gene score and LDL and/or HDL response
is of any relevance for outcome, such as differences in IMT
progression or cardiovascular endpoints; however, our
data encourage such studies to be performed.

In conclusion, a genotype score based on nine com-
mon lipid-linked SNPs was associated with the magni-



tude of HDL increase achieved after 12 months of
fluvastatin treatment in middle-aged women with asymp-
tomatic carotid plaque. The score was also associated
with the magnitude of LDL decrease among the same
subgroup, but with a marginal significance that did not
withstand multiple testing corrections. No associations

were seen in men.

This suggests gender differences in genetic susceptibil-

ity to statin therapy and implies the possibility of genotyping
being used for predicting subjects having the greatest
benefit of statin therapy, mainly considering HDL increase.
Further studies involving larger cohorts are warranted in
order to investigate whether this could have a role in clini-
cal practice Bl
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