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Abstract
Statin therapy response is highly variable. Variants of lipid metabolism genes and statin pharmacokinetic modulators could
play a role, however, the impact of most of these variants remains unconfirmed. A prospective and multicenter study
included 252 patients was carried out in order to assess, according to achievement of LDL-C or non-HDL-C therapeutic
targets and quantitative changes in lipid profiles, the impact of CETP, ABCA1, CYP2D6, and CYP2C9 gene candidate
variants on the simvastatin, atorvastatin, and rosuvastatin response. Patients carrier ABCA1 rs2230806 and CYP2D6*3
variants are less likely to achieve therapeutic lipid targets (p= 0.020, OR= 0.59 [0.37, 0.93]; p= 0.040, OR= 0.23 [0.05,
0.93], respectively). Among CETP variants, rs708272 was linked to a 10.56% smaller reduction in LDL-C with rosuvastatin
(95% CI= [1.27, 19.86] %; p= 0.028). In contrast, carriers of rs5882 had a 13.33% greater reduction in LDL-C (95% CI=
[25.38, 1.28]; p= 0.032). If these findings are confirmed, ABCA1, CYP2D6, and CETP genotyping could be used to help
predict which statin and dosage is appropriate in order to improve personalized medicine.

Introduction

Statins are drugs that inhibit 3-hydroxy-3-methyl-glutaril-
CoA reductase, a rate limiting enzyme of the cholesterol
synthesis pathway. Statins are widely used for the primary
and secondary prevention of atherosclerosis [1]. However,
patient responses to these drugs are highly variable
(20–60%) with respect to reducing plasma concentrations of
LDL cholesterol (LDL-C) and increasing plasma con-
centrations of HDL cholesterol (HDL-C) [2]. Genetic factors
contribute to this variability in therapeutic responses [3].

The results from first whole genome association study to
investigate the relationship between genetics and response
to statins were reported in 2009 [4]. Studies of the inter-
actions between genes and statin efficacy have since then
become more common [5, 6].

Many genes that are involved in the transport, metabo-
lism, and elimination of statins, as well as genes involved in
lipid metabolism, could influence therapeutic responses.
The best-characterized candidates are the lipid metabolism
genes APOE [7] and HMGCR [8] and the statin transport
genes ABCB1 [9] and SLCO1B1 [10].

Other genes associated with patient response to statin
treatment are SORT1/CELSR2/PRSC1 [11], KIF6 [12], and
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PCSK9 [13]. CETP [14] and ABCA1 [15] are known to
influence lipid metabolism and modulate responses to lipid-
reduction therapies, including statins. CETP mediates the
transfer of cholesterol esters from HDL to VLDL and LDL
[16] while ABCA1 is a transporter of intracellular choles-
terol that mediates the efflux of cholesterol from the cell to
the molecular acceptor apolipoprotein A1 [17]. ABCA1
therefore mediates the transport of cholesterol out of cells,
a process which leads to elimination of cholesterol by
hepatocytes.

Further studies of the genetic variants of the above-
mentioned genes are promising because conclusive infor-
mation about the impact of these genes on response to statin
treatment has yet to be reported.

The intronic genetic CETP variant rs708272 (Taq1B)
results from the substitution of a single adenine (A) for a
guanine (G). The A allele is associated with increased HDL-
C and a reduced concentration of CETP protein [18, 19].
However, this allele could be responsible for a lower ther-
apeutic response to statins, as patients carrying this allele
have been reported to suffer more coronary artery disease
(CAD) events [20], though the opposite has also been
published [21].

The CETP variant rs5882 produces a protein with a
valine substituted for isoleucine at position 405 (I405V).
This amino acid change leads to downregulation of CETP
[22]. The relationship of this variant with efficacy of statin
treatment remains unclear [14, 23].

The ABCA1 variant rs2230806, results from a lysine sub-
stitution for arginine at position 219 (R219K). The minor
genotype (TT) has been associated with a lower risk of CAD
[24], a lower LDL-C, and a higher HDL-C [25]. However,
other reports contradict this model and suggest that this
genotype does not affect lipid profiles [26] or actually
increase the risk of CAD [27]. Besides, information about the
effects of this variant on statin treatment is scarce [28, 29].

The pharmacokinetics of statins are not well understood
because the statin metabolic pathways have not been com-
pletely characterized. Statins are primarily metabolized by
cytochrome P450 (CYP450) and CYP3A4/5 [30]. The
CYP2C8 and CYP2C19 enzymes also appear to modulate
these pathways, but their mechanisms of action have yet to
be elucidated [31]. Meanwhile, the CYP2C9 enzyme is
primarily responsible for modifying fluvastatin [32], which
explains why some CYP2C9 variants are associated with
changes in fluvastatin efficacy [33]. However, how these
variants affect other statins is still unknown. CYP2D6 is
involved in pitavastatin and rosuvastatin metabolism [34].
This gene also appears to affect statin treatment efficacy, but
evidence for this model is scarce and controversial [35, 36].

In order to more deeply understand the impact of these
gene variants on the efficacy of statin treatment, a pro-
spective and multicenter study was carried out to determine

the influence of the following gene variants on patient
response to statins: the CETP variants rs708272 and rs5882,
the ABCA1 variant rs2230806, the CYP2D6 variants
rs35742686, rs3892097, and rs5030655, and the CYP2C9
variants rs1799853 and rs1057910. Three statins were
examined in the study: simvastatin, atorvastatin, and rosu-
vastatin. Simvastatin and atorvastatin are routinely and
widely administered in clinical practices. Rosuvastatin was
chosen in order to remediate the lack of studies that have
examined the interaction between this statin and genetic
variations. The efficacy of statin treatment was determined
by observing whether or not lipid targets were achieved and
the resulting quantitative changes in lipid profiles.

Materials and methods

Type of study

This was a prospective, observational, and multicenter
study. One primary care center and three high complexity
hospitals were involved. Two of the three hospitals have a
Cardiovascular Risk Unit.

Population: inclusion and exclusion criteria

Three hundred and forty-four patients were included in the
study. Inclusion criteria considered patients without lipid-
lowering treatment whose LDL-C was high and statin
drugs, if necessary, were prescribed in conditions of usual
medical practice and according solely to the patients’ phy-
sicians’ criteria.

The following exclusion criteria were applied: (1) having
familial hypercholesterolemia due to mutations in the
LDLR, APOB, LDLRAP1, or PSCK9 genes; (2) being a
polymedicated patient (six or more drugs) or a patient being
treated with immunosuppressants, antidepressants, anti-
retrovirals, or other lipid-reducing drugs; (3) having an
autoimmune disease; (4) suffering from chronic liver dis-
ease; (5) being suspected of null or poor adherence to
treatment (verified during the follow-up visit through the
interview and medical criteria); (6) having hypothyroidism;
(7) participation in another clinical trial; (8) intolerance to
statins, defined as the inability to tolerate a dose of statin
high enough to reduce cardiovascular risk, and/or suffering
from side effects such as muscle symptoms, headache, sleep
disorders, dyspepsia, nausea, rash, alopecia, erectile dys-
function, gynecomastia, and/or arthritis [37].

Ethical concerns and data protection

In compliance with regulation #SAS/3470/2009, this study
was classified by the Division of Pharmacoepidemiology of
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the Department of Medicines and Health Products of Spain
(ref. PR169/14). This study was also approved by the
Institutional Review Boards of each participating hospital.
Informed consent was obtained from each patient during
their initial visit after having received a complete explana-
tion of the study from their attending physician.

Data collection

Clinical and demographic data were collected from each
patient during the initial visit. This data included: age
(years), sex, prior CAD (yes/no), family history of ischemia
(yes/no), hypertension (yes/no), diastolic blood pressure
(mmHg), systolic blood pressure (mmHg), diabetes (yes/
no), smoking history (yes/no), current tobacco use (yes/no),
history of alcohol consumption (yes/no), current alcohol
consumption (yes/no), body mass index, exercise (yes/no),
exercise intensity (no/low/ moderate/high), initial LDL-C,
HDL-C and non-HDL cholesterol (non-HDL-C), con-
centration of lipoprotein (a) (g/L) and carrying the
SLCO1B1 gene variant rs4149056 (C allele) [38]. Treat-
ment intensity was defined qualitatively (low, moderate, and
high) according to clinical guidelines of the American
College of Cardiology [39].

Data related to lipid metabolism were collected during
the initial visit (prior to treatment) and during the follow-up
visit (~3 months after initiation of treatment) in all treatment
groups. This included plasma levels of triglycerides, total
cholesterol, LDL-C, non-HDL-C, and HDL-C. Lipid profile
therapy targets were established according to the clinical
guidelines for statin therapies set by the National Choles-
terol Education Program [40]. In the case of primary pre-
vention, the target was an LDL-C of <3.4 mmol/L or a non-
HDL-C of <4.1 mmol/L. Secondary prevention was defined
as treatment subsequent to a cardiovascular event or treat-
ment of a patient with equivalent risk factors such as dia-
betes. In this case, the therapeutic target was set to an LDL-
C of <2.6 mmol/L or a non-HDL-C of <3.4 mmol/L. The
targets for non-HDL-C were taken into account only when
it was impossible to calculate an LDL-C value using the
Friedewald formula [41].

Genetic analysis

The following gene variants were studied: CETP variants
rs708272 (NM_000078.2:c.118+ 279G>A, known as
TAQ1B) and rs5882 (NM_000078.2:c.1264A>G,
NP_000069.2:p.Val422Ile, known as I405V); ABCA1 var-
iant rs2230806 (NM_005502.3:c.656C>T, NP_005493.2:p.
Arg219Lys, known as R219K), CYP2D6 variants
CYP2D6*3 rs35742686 (NM_000106.5:c.775delT),
CYP2D6*4 rs3892097 (NG_008376.3:g.6047C>T), and
CYP2D6*6 rs5030655 (NM_000106.5:c.454delA); and

CYP2C9 variants CYP2C9*2 rs1799853 (NM_000771.3:
c.430C>T) and CYP2C9*3 rs1057910 (NM_000771.3:
c.1075A>C).

The genotypic frequency of each variant was determined
and compared with information found in the 1000 Genomes
Database [42]. The PLINK program was used to predict
whether or not there was a linkage disequilibrium between
variants [43].

DNA was extracted from whole blood using a com-
mercial kit (Maxwell® 16 System, Promega, Madison,
USA). Genotypes were analyzed by real-time PCR using
Taqman probes and a 7500 Real-Time PCR System ther-
mocycler (Thermo Fisher Scientific, California, USA).

Importantly, copy number variations (CNVs) have been
reported for CYP2D6. Therefore, some individuals may
carry null alleles or extra copies. However, Taqman probes
cannot detect a CNV. The frequency of variants in CNVs in
the European population is 5.01% [44].

Sanger sequencing

Using a 3130 Genetic Analyzer (Applied Biosystems), PCR
amplification and direct sequencing of gene variants were
carried out on 24 different samples with the aim of vali-
dating the real-time PCR method of detection. Sequences
were analyzed using the Sequencing Analysis
v5.2 software.

Statistical analyses

Comparing averages and percentages

Relationships between genetic variant genotypes and per-
cent changes in LDL-C, non-HDL-C, and HDL-C were
analyzed using the ANOVA test once normal distribution
and comparable variance was confirmed in both groups.
The relationship between variant genotypes and achieve-
ment of therapy targets was analyzed using the Chi-
squared test.

Multivariate analyses

A correlation matrix was constructed to find associations
between control variables (criterion r > 0.4). The multi-
variate model was constructed using the back stepwise
method.

First, a multiple logistic regression model was used to
evaluate whether or not achieving the LDL-C/non-HDL-C
targets depended on variant genotypes. A multiple linear
regression model was then constructed to study whether or
not the changes in lipid concentration that occurred between
the initial and the follow-up visit were influenced by the
genetic variants. Both models were constructed by grouping
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the statins and then stratifying them. Statistical analyses
were performed using the SPSS v.17 software package
(SPSS Inc., Chicago, IL, USA).

Results

Population

Three hundred and forty-four patients were prospectively
included in the study between June 2014 and February
2017. Of these, 92 were later excluded for one of the fol-
lowing reasons:

Had received prior lipid-reducing therapy (33 patients).
Did not adhere to treatment regime (nine patients),
prospectively.
Intolerance to statins due to muscle complications (three
patients).
Failed to follow-up (20 patients).
Familial hypercholesterolemia was genetically diagnosed
during the study (11 patients).
Hypothyroidism (two patients).
Autoimmune disease (one patient).
Other causes (13 patients).

A statistical analysis of the data provided by 252 patients
was carried out. A power analyses revealed that there was a
99.95% chance that, using an ANOVA-test in the context of
a multiple linear regression, a contribution of a genetic
variant of as low as 5% to patient responses to statin
therapies would be detected by this study.

Descriptive statistics

One hundred and six patients were treated with simvastatin,
116 were treated with atorvastatin, and 30 were treated with
rosuvastatin.

Clinical and demographic data are laid out in Table 1.
The genotypic frequency of the variants fulfilled the
Hardy–Weinberg equilibrium principle and had a similar
distribution to what had been previously reported in 1000
Genomes [42] (see Supplementary Material). No linkage
disequilibrium between variants was observed (see Supple-
mentary Material).

Comparison of means and percentages of
dependent variables with respect to genotype

The effects of each genetic variant on the changes in lipid
profiles after treatment with statins are displayed in Table 2.
For the ABCA1 variant rs2230806, the percentage of

patients who achieved therapeutic targets was lower among
those carrying the T allele (p= 0.004). In the case of
CYP2D6*4, carriers of the T allele had a smaller increase
in HDL-C than non-carriers (p= 0.020). Regarding
CYP2D6*3, the percentage of patients who achieved ther-
apeutic targets was lower among carriers of the T deletion, a
tendency which was not statistically significant (p= 0.098).

Multivariate analysis

Achievement of LDL-C/non-HDL-C targets

The impact of variant genotypes on achievement of LDL-C/
non-HDL-C targets was analyzed both for statins as a
whole, and for stratified groups. The models were adjusted
according control variables that had made a contribution:
initial non-HDL-C/LDL-C and patient age. In the case of
the rosuvastatin group, the control variable was the initial
non-HDL-C/LDL-C alone.

All statins: See Fig. 1a for a summary of the results. A
relationship was observed between, on the one hand, being
a carrier of either the ABCA1 variant rs2230806 (the T
allele) or the CYP2D6*3 variant (T deletion) and, on the
other, a lower probability of achieving therapeutic targets.
Carriers of either variant have a lower probability of
achieving therapeutic targets than carriers of the major allele
(ABCA1 rs2230806; p= 0.020; OR= 0.59; 95% CI=
[0.37, 0.93] and CYP2D6*3 rs35742686; p= 0.040; OR=
0.23; 95% CI= [0.05, 0.93]).

Simvastatin+ atorvastatin: When stratifying according to
statins, simvastatin and atorvastatin were found to interact
similarly with the gene variants studied. Therefore, in order
to prevent the loss of statistical power, the data resulting
from both treatments were grouped together (Fig. 1b).
The following statistics were calculated for the variants:
ABCA1 rs2230806 (T allele); p= 0.030; OR= 0.57; 95%
CI= [0.35, 0.94]; and CYP2D6*3; (T deletion); p= 0.020;
OR= 0.16; 95% CI= [0.03, 0.74], confirming the tenden-
cies observed in the analysis of all three statin groups
combined.

Rosuvastatin: There was a statistically significant rela-
tionship between reaching therapeutic targets under treat-
ment with rosuvastatin and being a carrier of the CETP
variant rs708272 (A allele), see Fig. 1c. Patients carrying
the minor allele were less likely to achieve therapeutic
targets (p= 0.030; OR= 0.20; CI 95%= [0.05, 0.83]).
Statistically significant relationships between the achieve-

ment of lipid targets and the other variants were not detected
in the case of rosuvastatin.

Genetic contribution to lipid target achievement with statin therapy: a prospective study 497



Changes in the plasma levels of LDL-C, non-HDL-C, and
HDL-C

Changes in lipid concentrations between the initial and
follow-up patient visit are laid out in Table 3. The models
were adjusted according to the following control variables:
initial non-HDL-C and intensity of treatment, in the case of
the combined statin treatment groups. Besides, when ana-
lyzing rosuvastatin group alone, the only control variable
was “prior CAD”.

All statins/simvastatin+ atorvastatin: The results from the
linear multivariate regressions were consistent with the
analysis of target achievement in the case of the ABCA1

variant rs2230806: for the combined statin, a statistically
significant difference was observed for LDL-C and non-
HDL-C (p= 0.047 and 0.050, respectively). Regarding the
simvastatin+ atorvastatin group, homozygotes for the
minor T allele had a 7.56% (IC 95%= [0.13, 14.99]) and
a 12.10% (IC 95%= [2.73, 21.46]) smaller reduction
in LDL-C and non-HDL-C, (p= 0.012 and 0.046,
respectively).

Rosuvastatin: Regarding the subgroup treated with rosu-
vastatin, there was also a relationship between the CETP
variant rs708272 and changes in LDL-C and non-HDL-C
(p= 0.028 and 0.042). Carriers of the A allele had a 10.56%
smaller reduction in LDL-C (IC 95%= [1.27, 19.86]) and

Table 1 Patient clinical, demographic, biochemical, and treatment characteristics depending on the achieving/non achieving LDL-C or non-HDL-
C treatment targets.

Clinical and demographic variables In target LDL-C/non-HDL-C
(n= 171)

Non achieving LDL-C or non-HDL-C
targets (n= 81)

p value

Sex (% male) 49.7 48.1 0.81

Age (years) 55.5 (53.6–57.4) 50.3 (47.4–53.1) <0.05

Tobacco use (% yes) 24.1 30.8 0.27

Personal history of tobacco use (% yes) 60.6 62.3 0.8

Diabetes mellitus (% yes) 16.4 16.4 0.99

Current alcohol consumption (% yes) 25.0 33.9 0.19

History of alcohol consumption (% yes) 19.9 33.3 <0.05

CAD (% yes) 17.5 22.2 0.37

Family history of CAD (% yes) 39.4 36.2 0.66

Exercise (% yes) 62.6 50.0 0.07

Intensity of exercise (none/low/moderate/
high) %

(33.3/15.8/18.3/32.5) (37.8/21.6/13.5/27.0) 0.39

Body mass index 27.5 (26.8–28.1) 26.5 (25.5–27.4) 0.08

Systolic blood pressure (SBP) (mmHg) 132.1 (129.4–134.8) 129.5 (125.3–133.5) 0.27

Diastolic blood pressure (DBP) (mmHg) 79.2 (77.3–81.1) 79.3 (76.7–81.8) 0.97

Arterial hypertension (% yes) 33.3 24.7 0.16

Lipoprotein(a) (reference value: 0–0.3 g/L) 0.5 (0.4–0.6) 0.4 (0.3–0.5) 0.06

Serum cholesterol LDL; initial (mmol/L) 4.7 (4.5–4.9) 5.6 (5.3–5.9) <0.05

Serum cholesterol no HDL; initial (mmol/L) 5.5 (5.3–5.6) 6.4 (6.1–6.9) <0.05

Serum cholesterol HDL; initial (mmol/L) 1.5 (1.4–1.5) 1.4 (1.3–1.5) 0.29

Decrease in serum LDL cholesterol
concentration after treatment; (%)

44.1 (41.8–46.2) 28.3 (24.5–32.0) <0.05

Decrease in serum non-HDL cholesterol
concentration after treatment; (%)

41.8 (39.9–43.6) 27.0 (23.9–30.1) <0.05

Increase in serum HDL cholesterol concentration
after treatment; (%)

5.9 (2.3–9.6) 8.53 (2.2–14.8) 0.45

Treatment with atorvastatin (%) 48.0 42.0 0.37

Treatment with simvastatin (%) 40.4 45.7 0.42

Treatment with rosuvastatin (%) 11.7 12.3 0.88

Intensity of treatment (low/medium/high) % (11.1/59.6/29.2) (12.3/55.6/32.1) 0.84

Continuous variables are expressed as averages and 95% confidence intervals (CI 95%). Categorical variables are expressed in percentages.
P value corresponds to Chi-squared test for categorical variables or ANOVA for continuous variables

Statistically significant p-values are in bold
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an 8.05% smaller reduction in non-HDL-C (IC 95%=
[0.32,15.77]).
No relationship was observed between the CETP variant

rs5882 and achievement of therapeutic targets. Never-
theless, there was a relationship between this variant and
changes in LDL-C and non-HDL-C. Carriers of the minor
G allele responded better to treatment with rosuvastatin than
patients carrying the major A variant. G carriers responded
with a 13.33% greater reduction in LDL-C (IC 95%=
[25.38, 1.28]); p= 0.0320) and a 11.61% greater reduction
in non-HDL-C (IC 95%= [21.50, 2.07]; p= 0.019).

No other statistically significant relationship was observed
between variants and lipid profiles.

Discussion

Statin efficacy depends in part on genetic variabilities [45].
As far as we know, this is the first observational and pro-
spective study assessing the effectiveness of statins
according to both changes in lipid profiles and achievement
of therapeutic targets.

Table 2 Means and percentages comparisons of dependent variables according to the genotypes for all statins (raw data).

Genetic variant variable Homozygous major allele Heterozygous Homozygous minor allele p value

CETP (rs708272) Genotype distribution (%) GG: n= 110 (44.8) GA: n= 103 (42.1) AA n= 32 (13.1) –

Changes in LDL-C (%) −40.3 (−43.6; −36.9) −38.0 (−41.2; −34.7) −38.4 (−45.3; −31.6) 0.615

Changes in non-HDL-C (%) −37.0 (−39.8; −34.2) −37.1 (−39.8; −34.3) −35.6 (−41.4; −29.9) 0.881

Changes in HDL-C (%) 7.4 (1.9; 13.0) 9.5 (5.1; 13.8) −2.8 (−10.1; 4.4) 0.054

In target LDL-C/non-HDL-C (%) 70.0 66.9 62.5 0.710

CETP (rs5882) Genotype distribution (%) AA: n= 109 (43.8) AG: n= 113 (45.4) GG: n= 27 (10.8) –

Changes in LDL-C (%) −37.5 (−40.9; −34.1) −39.6 (−42.8; 36.5) −43.4 (−50.5; −36.2) 0.243

Changes in non-HDL-C (%) −35.9 (−38.8; −33.0) −37.0 (−39.4; −34.3) −40.3 (−46.1; −34.5) 0.370

Changes in HDL-C (%) 7.7 (2.1; 13.3) 5.5 (1.4; 9.6) 4.4 (−1.5; 10.4) 0.738

In target LDL-C/non-HDL-C (%) 67.8 66.3 74.1 0.743

ABCA1 (rs2230806) Genotype distribution (%) CC: n= 137 (54.6) CT: n= 98 (39.0) TT: n= 16 (6.4) –

Changes in LDL-C (%) −39.4 (−42.3; −36.4) −40.2 (−43.6; −36.8) −31.4 (−42.7;−20.0) 0.220

Changes in non-HDL-C (%) −37.2 (−39.7; −34.7) −37.5 (−40.4; −34.6) −31.9 (−38.9; −24,9) 0.354

Changes in HDL-C (%) 8.9 (4.1; 13.6) 3.5 (−0.8; 7.8) 8.8 (−4.6; 22.3) 0.269

In target LDL-C/non-HDL-C (%) 71.53 69.3 31.25 0.004

CYP2D6*3 (rs35742686) Genotype distribution (%) TT: n= 237 (95.6) T-: n= 11 (4.4) --: n= 0 (0.0) –

Changes in LDL-C (%) −39.6 (−41.8; −37.3) −33.1 (−44.1; −22.2) NA 0.243

Changes in non-HDL-C (%) −37.1 (−39.3; −35.4) −30.8 (−40.5; −21.2) NA 0.153

Changes in HDL-C (%) 6.5 (3.3; 9.8) 11.7 (−12.6; 36.2) NA 0.513

In target LDL-C/non-HDL-C (%) 69.06 45.45 NA 0.098

CYP2D6*4 (rs3892097) Genotype distribution (%) CC: n= 157 (64.6) CT: n= 71 (29.2) TT: n= 15 (6.2) –

Changes in LDL-C (%) −38.5 (−41.4; −35.9) −40.1 (−43.8; −36.3) −43.9 (−50.4; −37.4) 0.515

Changes in non-HDL-C (%) −36.3 (−39.1; −33.5) −37.2 (−40.8; −33.5) −41.2 (−47.5; −34.9) 0.679

Changes in HDL-C (%) 7.2 (3.1; 11.3) 8.0 (2.0; 14.0) −11.3 (−19.4; −3.3) 0.020

In target LDL-C/non-HDL-C (%) 70.1 63.4 66.6 0.603

CYP2D6*6 (rs5030655) Genotype distribution (%) AA: n= 243 (98.8) A-: n= 3 (1.2) --: n= 0 (0.0) –

Changes in LDL-C (%) −39.3 (−41.5; −37.1) −25.0 (−70.5; 20.4) NA 0.184

Changes in non-HDL-C (%) −37.0 (−38.8; −35.11) −28.6 (−41.8; −15.4) NA 0.326

Changes in HDL-C (%) 6.7 (3.4; 10.0) 7.0 (−22,4; 36.6) NA 0.983

In target LDL-C/non-HDL-C (%) 68.3 33.3 NA 0.242

CYP2C9*2 (rs1799853) Genotype distribution (%) CC: n= 180 (72.0) CT: n= 67 (26.8) TT: n= 3 (1.2) –

Changes in LDL-C (%) −39.6 (−42.3; −36.9) −38.7 (−42.8; −34.5) −33.3 (−59.7; −7.01) 0.779

Changes in non-HDL-C (%) −37.5(−39.7; −35.3) −35.7 (−38.5; −32.5) −25.3 (−41.6; −8.9) 0.256

Increase HDL-C (%) 5.2 (1.5; 9.8) 10.6 (4.6; 17.2) −0.4 (−8.6; 7.74) 0.286

In target LDL-C/non-HDL-C (%) 68.3 65.6 66.6 0.924

CYP2C9*3 (rs1057910) Genotype distribution (%) AA: n= 216 (87.1) AC: n= 32 (12.9) CC: n= 0 (0.0) –

Changes in LDL-C (%) −39.2 (−41.6; −36.8) −38.8 (−45.3; −32.4) NA 0.923

Changes in non-HDL-C (%) −37.4 (−39.4; −35.5) −32.9 (−38.3; −27.6) NA 0.107

Changes in HDL-C (%) 7.4 (3.9; 11.0) 1.79 (−5.4; 9.0) NA 0.248

In target LDL-C/non-HDL-C (%) 67.1 71.9 NA 0.376

Continuous variables are expressed as averages and as 95% confidence intervals (CI 95%). Categorical variables are expressed in percentages

NA not applicable (n of any genotype group <3)

Statistically significant p-values are in bold
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Eighty-one out of the 252 patients included in our study
(32.1%) did not achieve their LDL-C/non-HDL-C targets
after being treated with statins. The objective of this project

was to determine whether or not the abovementioned
genetic variants could be used to predicatively stratify
patients according to their response to statin treatment in a

Fig. 1 Achievement of LDL-C/
non-HDL-C targets for all
cases. a–c Achievement of
LDL-C/non-HDL-C targets.
Taking into account the minor
allele with respect to the major
allele, the multiple logistic
regression model was adjusted
according to statistically
significant covariates: Initial
concentration of non-HDL-C
and age for all statin and
simvastatin+ atorvastatin study
and Initial concentration of non-
HDL-C for rosuvastatin study.
In yellow box=Odds Ratio+
95% confidence interval. NA not
applicable (n of any genotype
group <3).

500 C. Ruiz-Iruela et al.



way that could be used to prescribe more intensive therapies
to those who are least responsive. In this way, cardiovas-
cular risk would be reduced as soon as possible, and
available resources would be used more efficiently.

The only statistically significant differences we found in
the demographic variables were in age and history of
alcohol consumption. The average age of the group of those
who met their therapeutic targets was lower than those who
did not (50 vs 55). Besides, a history of alcohol consump-
tion is associated with a lower likelihood of meeting LDL-
C/non-HDL-C targets.

It is logical to assume that the control variables
initial lipid levels and statin dosage have an influence
on changes in lipid profiles that occur during statin treat-
ment. However, in the case of rosuvastatin, the control
variable prior CAD event is the one with influence, a result
consistent with the fact that rosuvastatin is restricted to
those at high cardiovascular risk. Most patients who have
suffered prior ischemic events are therefore, in this group.

Relationships between ABCA1, CYP2D6, and CETP
variants and patient response to statin therapies were
detected. In the case of the ABCA1 variant rs2230806, this
tendency holds for the subgroup of patients who were
administered simvastatin or atorvastatin.

The ABCA1 gene is located on chromosome 9 (9q31.1
region). This gene codes for the ABCA1 protein (ATP-
binding cassette transporter A1). ABCA1 modulates the
expulsion of intracellular cholesterol and phospholipids.
Upon being expelled from inside the cell, cholesterol
forms complexes with extracellular apolipoproteins to
form nascent HDL. Therefore, ABCA1 forms part of an
efficient cellular disposal system for excess intracellular
cholesterol [46]. ABCA1 also has antiinflammatory role
because it modulates the cholesterol content of membrane
lipid rafts [47]. The ABCA1 variant rs2230806 results
from a mutation at codon 219 that leads to a substitution

of arginine for lysine in an extracellular loop known to
interact with the apoA-I and to mediate cholesterol
transportation [48].

Here we demonstrate that homozygous for the minor T
allele of this variant respond more poorly to statin treat-
ment, showing a 12% lower reduction in LDL-C in
response to treatment with simvastatin and atorvastatin.
TT carriers are also less likely to achieve their LDL-C/
non-HDL-C targets than C carriers. Statins may also
regulate the expression of ABCA1 [49]. The ABCA1 var-
iant could lead to poorer treatment outcomes because of a
diminished level of gene expression. However, no in vitro
studies have demonstrated the specific role of this genetic
variant.

In contrast with our findings, neither Akao et al. [29] nor
Li et al. [28] detected a relationship between the ABCA1
polymorphism and variations in LDL-C with pravastatin,
though the latter observed higher levels of HDL-C.
The inconsistencies in findings from ABCA1 variant studies
in relation to CAD, lipid profiles, and response to statins
could be explained by the racial diversity of the populations
studied, gene–gene and environmental interactions, types of
statins assessed, or the differences in selection criteria. In
vitro studies of the ABCA1 variant are necessary to explain
its impact on statins on a molecular level.

Meanwhile, the CYP2D6*3 variant is also associated
with statin treatment efficacy. Patients carrying the T
deletion are less likely to achieve LDL-C/non-HDL-C tar-
gets, and therefore are more refractory to statin treatments.

CYP2D6 is located on chromosome 22 and codes for a
liver enzyme that belongs to the metabolic pathway of many
drugs. CYP2D6 is highly polymorphic, with over 100 allelic
described [50]. The CYP2D6*3 variant is a consequence of
a thymine deletion that inactivates the allele. Studies
examining relationship between CYP2D6 variants and sta-
tins have been rare and inconclusive, particularly for the

Table 3 Genetic contribution to the lipid profile change after statin treatment.

Treatment Variant Dependent variable Model B+CI (95%) P

Simvastatin+Atorvastatin+
Rosuvastatin

ABCA1 (rs2230806) Changes in LDL-C Recesive: TT vs. (CT+CC) 9.40 (0.13–18.60) 0.047

Changes in non-HDL-C Recesive: TT vs. (CT+CC) 7.04 (−0.002–14.08) 0.050

Simvastatin+Atorvastatin ABCA1 (rs2230806) Changes in LDL-C Recesive: TT vs. (CT+CC) 12.10 (2.73–21.46) 0.012

Changes in non-HDL-C Recesive: TT vs. (CT+CC) 7.56 (0.13–14.99) 0.046

Rosuvastatin CETP (rs708272) Changes in LDL-C Genotypes: AA vs. AG vs. GG 10.56 (1.27–19.86) 0.028

Recesive: AA vs. (AG+GG) 16.48 (1.01–39.95) 0.038

Changes in non-HDL-C Genotypes: GG vs. AG vs. AA 8.05 (0.32–15.77) 0.042

CETP (rs5882) Changes in LDL-C Genotypes: GG vs. AG vs. AA −13.33 (−25.38 to −1.28) 0.032

Changes in non-HDL-C Genotypes: GG vs. AG vs. AA −11.61 (−21.50 to −2.07) 0.019

Recesive: GG vs. (AG+AA) −13. 09 (−24.96 to −1.22) 0.032

Statistically significant results of the multiple linear regression analysis adjusted by statistically significant covariates: Initial concentration of the
studied lipid and Intensity of qualitative treatment for all statin and simvastatin+ atorvastatin study and previous CAD for rosuvastatin study;
B+ CI (95%)= coefficient B+ a 95% confidence interval

Statistically significant p-values are in bold
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CYP2D6*3 variant [35, 51]. The lack of findings may be a
consequence of the low allelic frequency of this variant
(MAF= 0.018; European CEU) [42]. Importantly, the
activity of CYP2D6 affects patient’s response to tramadol
[52] and tamoxifen [53] because CYP2D6 activates these
drugs. Therefore, it could be hypothesized that the CYP2D6
enzyme also could break down statins that have active
metabolites, such as simvastatin and atorvastatin [54].

Finally, we have demonstrated that CETP variants
rs708272 (G>A) and rs5882 (A>G) have opposing effects
on rosuvastatin efficacy. While carriers of minor A allele
(rs708272) respond more poorly to treatment, those with
the minor G allele (rs5882) show a greater decrease in
LDL-C than noncarriers. The role of these in cholesterol
metabolism and the onset of cardiovascular diseases is
well known [55], but their interaction with statins is not
well understood [56].

The rs708272 variant is located in intron 1 and is a
consequence of a guanine substitution for an adenine in
position 277, which removes an endonuclease restriction
site. The minor A allele is associated with lower con-
centrations of CETP protein and higher HDL-C [18, 19].
This relationship can be explained by the strong linkage
disequilibrium between this variant and the promoter of the
rs1800775 variant (known as −629A>C) [57]. Patients
carrying the minor allele are less at risk for CAD, though
with the caveat that this conclusion was drawn with a high
cardiovascular risk population of subjects instead of general
population [30].

In contrast, carriers of the minor A allele are at higher
risk of CAD when treated with statins [29] in comparison
with the major allele; a phenomenon which could be linked
to a smaller reduction in LDL-C, in accordance with the
results of our study.

The product of another CETP variant examined here,
rs5882 (G), contains a single amino acid substitution on
position 422(Val422Ile). This mutation downregulates
CETP gene expression [31]. According to our observations,
carriers of the minor G allele may benefit more from lipid-
reduction therapies than carriers of the major A allele. This
is the first study that has detected a relationship between the
aforementioned CETP variants and the efficacy of rosu-
vastatin treatment. However, the small number of patients
being treated by rosuvastatin in the recruitment centers
limits our ability to interpret these results. Rosuvastatin is
not the drug of choice in primary care settings and is
reserved for patients who are at high cardiovascular risk or
who suffer from other comorbidities. Therefore, naïve
patients being treated with rosuvastatin are difficult to come
across.

Even though large sample sizes are difficult to assemble,
our results regarding rosuvastatin efficacy need to be con-
firmed by increasing statistical power.

Conclusion

ABCA1 variant rs2230806 and CYP2D6*3 influence patient
response to treatment with statins. Variant carriers are less
likely to achieve LDL-C or non-HDL-C therapeutic targets.
In addition, carriers of the TT genotype of rs2230806 have
a 12% lower LDL-C in response to treatment with sim-
vastatin and atorvastatin.

CETP gene variants rs708272 and rs5882 affect patient
responses to rosuvastatin. However, a larger sample size is
required to corroborate these results.

If these findings are confirmed, ABCA1, CYP2D6, and
CETP genotyping could be used to help predict which statin
and dosage is appropriate in order to improve personalized
medicine.
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