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Background and purpose: Previous studies have shown that common variants within
CYP3A4 and CYP3A5 are associated with statin pharmacokinetics and the risk of
cardiovascular disease. However, the association of variants in CYP3A4 and
CYP3A5 with the prognosis of ischemic stroke remains undetermined. Therefore,
we investigated this herein. Methods: Four hundred thirty-three consecutive patients
with acute ischemic stroke were recruited. The outcome at the 1-year follow-up was
assessed using the modified Rankin Scale (mRS). Two variants, CYP3A4*1G and
CYP3A5%3, were genotyped by the improved Multiple Ligase Detection Reaction
platform. Results: Binary logistic regression analysis showed that the CYP3A4*1G/
*1G homozygote was associated with poor outcome at 1 year (mRS score >2) after
adjustment for conventional factors in the additive model (odds ratio [OR] = 2.92;
95% confidence interval, 1.07-7.98; P =.037) and recessive model (OR =3.37; 95%
confidence interval, 1.26-9.04; P=.016). Subgroup analysis indicated that the
CYP3A4*1G/*1G homozygote was associated with poor prognosis at 1 year among
patients with stable high-intensity atorvastatin therapy (40-80 mg/d) after adjust-
ment for conventional factors in the additive model (OR =8.16; 95% confidence
interval, 1.50-44.44; P = .015) and recessive model (OR =9.06; 95% confidence inter-
val, 1.72-47.64; P=.009). No significant association was identified between
CYP3A5*3 and the 1-year outcome of patients with ischemic stroke. Conclusions:
Our study findings suggest that the CYP3A4*1G/CYP3A4*1G genotype may be
associated with poor prognosis at 1 year after acute ischemic stroke in the Han Chi-
nese population.
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Introduction patients with acute ischemic stroke." The Stroke Preven-
Statins are widely prescribed to lower the low-density tion by Aggressive Reduction in Cholesterol Levels trial
lipoprotein cholesterol level in patients with cardiovascu- provided strong evidence that atorvastatin use can effec-
lar diseases, such as stroke. Inpatient statin use was tively reduce the stroke recurrence risk in patients with
shown to effectively reduce short-term mortality in recent ischemic stroke or transient ischemic attack.”
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However, responses to the statin varied interindividually,
which may lead to therapeutic inefficiency or statin-
related adverse effects. Previous studies indicated that
genetic variants involved in statin pharmacokinetics con-
tributed to this variation.” © The Heart Protection Study
2-Treatment of High-density Lipoprotein Cholesterol to
Reduce the Incidence of Vascular Events trial showed that
Chinese patients with atherosclerotic cardiovascular dis-
ease had a 10-fold higher risk of developing myopathy
than European patients who were given the same statin
therapy.” A pharmacokinetic study reported that plasm
exposure to a statin was significantly higher in Chinese
individuals than in Caucasian individuals residing in
the same environment.” The reason for this finding may
be partly due to a difference in statin pharmacogenetics
between Chinese and Caucasian populations.

Cytochrome P450 3A4 (CYP3A4) and cytochrome 3A5
(CYP3AS5) enzymes were crucial in oxidative metabolism
in approximately 60% of clinically prescribed drugs.”'’
Atorvastatin, simvastatin, and lovastatin were mainly
metabolized by CYP3A4 and CYP3A5, whereas rosuvas-
tatin and pitavastatin were not affected by CYP3A4 and
CYP3A5.'""? The interindividual enzyme activities of
CYP3A4 and CYP3AS5 varied substantially, which were
highly influenced by genetic variations.”" Among cur-
rently identified variants within CYP3A4, CYP3A4*1G
(rs2242480, IVS10+12G>A) was the most prevalent in the
Han Chinese population. ' Pharmacokinetic studies iden-
tified CYP3A4*1G as being associated with elevated
CYP3A4 messenger RNA (mRNA) transcription and
increased catalytic activity of the enzyme.”'>'® CYP3A5*3
is the most studied among common variants of CYP3A5.
The variant frequency of CYP3A5*3 varied among popu-
lations: it was highest in Caucasians (82%), lower in Mexi-
cans (75%) and Chinese individuals (65%), and the lowest
in Africans (33%)."” A cohort study indicated that the
CYP3A5*3/*3 homozygote was associated with a greater
lipid-lowering response to a statin than CYP3A5%*1/*1 and
CYP3A5*1/*3 genotypes.” The influence of CYP3A4*1G
and CYP3A5*3 on statin pharmacokinetics and the risk of
cardiovascular disease have been studied. However, the
association of these variants with the prognosis of ische-
mic stroke has not been elucidated.

The present study aimed to investigate the association
of CYP3A4*1G and CYP3A5*3 with the 1-year prognosis
of acute ischemic stroke in a Han Chinese population, in
an attempt to provide evidence for individualized second-
ary prevention treatment in ischemic stroke.

Materials and Methods
Ethical Statements

The present study was approved by the ethics review
board of the university. This study was conducted in
accordance with the Declaration of Helsinki. Written
informed consent was obtained from all patients before

their information and blood samples were collected. All
procedures were performed under relevant guidance.

Study Population

From January 2014 to December 2016, consecutive
patients diagnosed with acute ischemic stroke in the
Department of Neurology of the First Affiliated Hospital of
Zhengzhou University were registered in this prospective
hospital-based cohort study. According to the World Health
Organization criteria, stroke was defined as focal or whole
neurological deficits persisting for more than 24 hours due
to vascular origin. Trained residents in the Department of
Neurology used a standard case report form to record infor-
mation. The recorded information included age, sex, medi-
cal history, clinical manifestations, National Institutes of
Health Stroke Scale score on admission, results of neuroim-
aging examinations, laboratory test results, and therapy. All
the patients were followed up at 1 month, 6 months, and 12
months after the index stroke by trained neurologists who
were blinded to patient registration. The follow-up informa-
tion included medication adherence, blood pressures, labo-
ratory test results, modified Rankin scale (mRS) score,
stroke recurrence, and death. Medication adherence was
measured by the percentage of days covered (PDC). PDC
more than equal to 80% was considered as fully adherent."®
The mRS was used to assess outcome; good outcome was
defined as an mRS score less than equal to 1, and poor out-
come as an mRS score more than equal to 2.

In the present study, the inclusion criteria were as fol-
lows: (1) stroke diagnosed in accordance with World Health
Organization criteria; (2) acute ischemic lesions confirmed
by CT or magnetic resonance imaging (MRI); (3) age more
than equal to 18 years; (4) Han Chinese descent; (5) admis-
sion within 3 days after onset; (6) mRS score less than equal
to 1 before stroke onset; and (7) PDC more than equal to
80% for statin adherence during the 1-year follow-up. The
exclusion criteria were as follows: (1) fatal stroke; (2) hemor-
rhagic stroke; (3) severe systemic diseases, such as heart,
liver, and kidney failure; (3) malignancies, autoimmune dis-
eases, and hematologic diseases; (4) statin pretreatment
before the index stroke; (5) statin intolerance or inconti-
nence during hospitalization or follow-up; (6) individuals
taking statins that were not metabolized by CYP3A4 and
CYP3Ab5, such as rosuvastatin and pitavastatin; and (7) indi-
viduals who were lost to follow-up or died during the fol-
low-up. Hemorrhagic stroke was excluded based on results
of neuroimaging examinations, such as computed tomogra-
phy (CT) and magnetic resonance imaging.

Genotyping

Extraction of genomic DNA and quality control were
performed as previously described.” Two variants,
CYP3A4*1G (rs2242480) and CYP3A5*3 (rs776746), were
genotyped by the improved Multiple Ligase Detection
Reaction platform (Table 1).
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Table 1. Information of CYP3A4*1G and CYP3A5%*3

SNP Chr Location Allele MAF (CHB)*
CYP3A4*1G 1s2242480 7 99361466 G/A 0.243
CYP3A5*3 1s776746 7 99270539 A/G 0.291

SNP single nucleotide polymorphism, Chr chromosome, MAF minor allele frequency, CHB Chinese Han, Beijing.
“From the 1000 Genomes Project.

Statistical Analysis (69.7%) were men. The average levels (mean + standard
deviation) of total cholesterol and low-density lipoprotein
cholesterol at admission were 4.38 + 0.96 mmol/L and 2.80
+ 0.80 mmol/L, respectively. During the 1-year follow-up,
308 patients had a good outcome (mRS < 1), and 125
patients had a poor outcome (mRS > 2). The demographic
characteristics of the 433 patients are shown in Table 2.

Univariate logistic regression analysis was conducted
to evaluate the association of CYP3A4*1G and
CYP3A5*3 with poor outcome at 1 year after ischemic
stroke in additive, dominant, and recessive models. The
chi-square test and Student’s ¢ test were used to com-
pare categorical and continuous variables, respectively,
between the good and poor outcome groups. Binary
logistic regression analysis was used to assess the associ- Associations of CYP3A4*1G and CYP3A5*3 With
ation of CYP3A4*1G and CYP3A5*3 with poor outcome 1-year Outcome of Acute Ischemic Stroke

at 1 year following ischemic stroke after adjusting for Among 433 patients, the distribution frequencies of
conventional vascular factors in the additive, dominant, CYP3A4*1/*1, CYP3A4*1/*1G, and CYP3A4*1G/*1G geno-
and recessive models. The level of significance was set types were 242 (55.9%), 169 (39.0%), and 22 (5.1%), respec-
at P less than .05 (2—tailed). SPSS 22.0 software (SPSS, tively. The distribution frequencies of CYP3A5*1/*1,

Inc., Chicago, IL) was used to analyze the data. CYP3A5*1/3, and CYP3A5*3/*3 genotypes were 32
(7.39%), 187 (43.2%), and 214 (49.4%), respectively. The
Results conventional factors included age, sex, smoking history,

drinking history, hypertension, dyslipidemia, hyperho-
mocysteinemia, intracranial artery stenosis (>50%), and

Four hundred thirty-three patients were enrolled and the National Institutes of Health Stroke Scale score at
analyzed in this study. The mean age (mean + standard admission. Binary logistic regression analysis indicated
deviation) of patients was 62.34 £+ 11.03 years, and 302 that CYP3A4*1G/*1G was associated with a poor

Baseline Characteristics

Table 2. Demographic characteristics of the 433 patients with ischemic stroke

Variable mRS score <1(n=2308) mRS score >2(n =125) P value
Age (=60y) 147 (47.7%) 70 (56.0%) 0.119
Male sex 218 (70.8%) 84 (67.2%) 0.463
Hypertension 205 (66.6%) 95 (76.0%) 0.054
Diabetes mellitus 102 (33.1%) 40 (32.0%) 0.822
Hyperlipidemia 125 (40.6%) 52 (41.6%) 0.846
Smoking history 83 (26.9%) 37 (29.6%) 0.576
Drinking history 66 (21.4%) 35 (28.0%) 0.146
Hyperhomocysteinemia 192 (42.8%) 70 (40.5%) 0.603
Coronary artery disease 22 (7.1%) 8 (6.4%) 0.783
ICAS (>50%) 79 (26.8%) 50 (42.4%) 0.002
NIHSS score >3 on admission 108 (35.1%) 96 (76.8%) <0.001
SBP (mmHg) 144.22 (19.38) 143.34 (24.83) 0.695
DBP (mmHg) 84.71 (13.89) 81.61 (21.20) 0.075
TC level (mmol/L) 4.36 (0.96) 4.42 (0.96) 0.546
TG level (mmol/L) 1.69 (1.03) 1.45 (0.68) 0.021
HDL-C level (mmol/L) 1.09 (0.28) 1.13 (0.28) 0.195
Hcy level (mmol/L) 18.72 (13.32) 18.15 (9.99) 0.664
FG level (mmol/L) 6.18 (2.31) 6.05 (2.24) 0.577

Categorical variables are shown as counts (percentage, %), and continuous variables as the mean (standard deviation).

DBP, diastolic blood pressure; FG, fasting glucose; Hey, homocysteine; HDL-C, high-density lipoprotein cholesterol; mRS, modified Ran-
kin scale, ICAS, intracranial artery stenosis; LDL-C, low-density lipoprotein cholesterol; NIHSS, National Institutes of Health Stroke Scale;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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Table 3. Association of CYP3A4*1G and CYP3AS5*3 with the 1-year outcome of ischemic stroke
mRS score <1 mRS score >2
Variant (n=308) (n=125) OR(95%CT) P-value 0 “(95%CI) P value®
CYP3A4*1G
Additive *1/*1 170 (55.2%) 72 (57.6%)
*1/*1G 127 (41.2%) 42 (33.6%) 0.78 (0.50-1.22)  0.275  0.68(0.41-1.13)  0.137
*1G/*1G 11 (3.6%) 11 (8.8%) 2.36(0.98-5.69) 0.056 2.92(1.07-7.98)  0.037
Dominant *[/*1G+*1G/*1G 138 (44.8%) 53(42.4%) 0.91(0.60-1.38)  0.648  0.84 (0.52-1.35)  0.461
Recessive *1G/*1G 11 (3.6%) 11 (3.6%) 2.61(1.10-6.18)  0.025 3.37(1.26-9.04)  0.016
CYP3A5*3
Additive *1/*1 20 (6.5%) 12 (9.6%)
*1/%3 141 (45.8%) 46 (36.8%)  0.54(0.25-1.20)  0.130  0.52(0.21-1.26)  0.146
*3/%3 147 (47.7%) 67 (53.6%) 0.76 (0.35-1.64) 0485 0.67(0.28-1.58)  0.355
Dominant *[/F3+*3/%3 288 (93.5%) 113 (90.4%)  0.65(0.31-1.38)  0.263  0.60 (0.26-1.38)  0.226
Recessive *3/%3 147 (47.7%) 67 (53.6%) 1.23(0.81-1.87) 0325 1.10(0.68-1.77)  0.704

CI, confidence interval; mRS, modified Rankin scale; OR, odds ratio.

?Adjusted for age, sex, hypertension, diabetes mellitus, dyslipidemia, hyperhomocysteinemia, intracranial artery stenosis
(>50%), smoking history, drinking history, and National Institutes of Health Stroke Scale score at admission.

prognosis at 1 year after adjusting for conventional factors
in the additive model (odds ratio [OR]=2.92; 95% ClI,
1.07-7.98, P=.037) and recessive model (OR =3.37; 95%
CL: 1.26-9.04, P=.016) (Table 3). The associations of
CYP3A5*3 with the 1-year outcome did not achieve statis-
tical significance in binary logistic analysis (Table 3).
During the follow-up, 261 patients were taking stable
moderate-intensity atorvastatin (10-20 mg/d), and 172
patients were taking stable high-intensity atorvastatin
(40-80 mg/d). For patients with high-intensity atorvasta-
tin therapy, binary logistic regression analysis revealed
that the CYP3A4*1G/*1G homozygote was associated
with poor outcome at 1 year after adjusting for conven-
tional factors in the additive model (OR =8.16; 95% CI:
1.50-44.44, P =.015) and recessive model (OR =9.06; 95%

CL 1.72-47.64, P=.009) (Table 4). No

significant

association was identified between CYP3A5*3 and the 1-
year outcome of ischemic stroke in patients receiving
high-intensity atorvastatin therapy (Table 4). For patients
with moderate-intensity atorvastatin therapy, the associa-
tion of CYP3A4*1G and CYP3A5*3 with the 1-year out-
come did not achieve statistical significance in binary
logistic regression analysis (Table 5).

Discussion

To our knowledge, this is the first study to evaluate the
association of CYP3A4*1G and CYP3A5*3 with the out-
come of acute ischemic stroke in the Han Chinese popula-
tion. Our study indicated that the CYP3A4*1G/*1G
homozygote is associated with poor outcome (mRS score
>2) at 1 year in the Han Chinese population with acute

Table 4. Association of tested single nucleotide polymorphisms with outcome in patients receiving high-intensity atorvastatin

therapy
mRS score <1 mRS score >2
Variant (n=125) (n=47) OR(95% CI) P-value OR"(95% CI) P value®
CYP3A4*1G
Additive *1/%1 67 (53.6%) 27 (57.4%)
*1/*1G 53 (42.4%) 14 (29.8%) 0.66 (0.31-1.37) 0.263  0.79 (0.32-1.91) 0.596
*1G/*1G 5 (4.0%) 6 (12.8%) 2.98 (0.84-10.58) 0.092 8.16(1.50-44.44)  0.015
Dominant *1/*1G+*1G/*1G 58 (46.4%) 20 (42.6%) 0.86 (0.44-1.68) 0.652  1.13 (0.50-2.53) 0.770
Recessive *1G/*1G 5 (4.0%) 6 (12.8%) 3.51(1.02-12.12)  0.036  9.06 (1.72-47.64)  0.009
CYP3A5%*3
Additive *1/%1 11 (8.8%) 5 (10.6%)
*1/%3 57 (45.6%) 15 (31.9%) 0.58 (0.17-1.92) 0.372 0.42(0.10-1.72) 0.226
*3/%3 57 (45.6%) 27 (57.4%) 1.04 (0.32-3.30) 0.944  0.58 (0.15-2.27) 0.432
Dominant /R34 %3/%3 114 (91.2%) 42 (89.4%) 0.81 (0.27-2.47) 0.711  0.50 (0.13-1.91) 0.312
Recessive #3/%3 57 (45.6%) 27 (57.4%) 1.51 (0.77-2.97) 0.231  1.07 (0.48-2.40) 0.871

CI, confidence interval; mRS, modified Rankin scale; OR, odds ratio.
*Adjusted for age, sex, hypertension, diabetes mellitus, dyslipidemia, hyperhomocysteinemia, intracranial artery stenosis
(>50%), smoking history, drinking history, and National Institutes of Health Stroke Scale score at admission.
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Table 5. Association of tested single nucleotide polymorphisms with outcome in patients receiving moderate-intensity atorvastatin

therapy
mRS score <1 mRS score >2
Variant (n=183) (n=78) OR(95% CI) P-value O*(95% CI) P-value*
CYP3A4*1G
Additive *1/%1 103 (56.3%) 45 (57.7%)
*1/*1G 74 (40.4%) 28 (35.9%) 0.87 (0.50-1.51) 0.614  0.59 (0.30-1.16) 0.130
*1G/*1G 6 (3.3%) 5(6.4%) 1.91 (0.55-6.57) 0306  1.83(0.45-7.50) 0.399
Dominant *1/¥1G+*1G/*1G 80 (43.7%) 33 (42.3%) 0.94 (0.55-1.61) 0.834  0.68 (0.36-1.30) 0.245
Recessive *1G/*1G 6 (3.3%) 5 (6.4%) 2.02 (0.60-6.83) 0.249  2.24(0.57-8.84) 0.252
CYP3A5%*3
Additive *1/%1 9 (4.9%) 7 (9.0%)
*1/%3 84 (45.6%) 31 (40.0%) 0.47 (0.16-1.38)  0.172  0.56 (0.17-1.90) 0.356
*3/%3 90 (47.7%) 40 (53.6%) 0.57 (0.35-1.64) 0.299  0.71 (0.22-2.35) 0.578
Dominant R34+ %3/%3 174 (95.1%) 71 (91.0%) 0.53 (0.19-1.46)  0.211 0.64 (0.20-2.04) 0.454
Recessive *3/%3 90 (49.2%) 40 (51.3%) 1.09 (0.64-1.85) 0.756  1.16 (0.62-2.15) 0.651

CI, confidence interval; mRS, modified Rankin scale; OR, odds ratio.

*Adjusted for age, sex, hypertension, diabetes mellitus, dyslipidemia, hyperhomocysteinemia, intracranial artery stenosis
(>50%), smoking history, drinking history, and National Institutes of Health Stroke Scale score at admission.

ischemic stroke in additive and recessive models, espe-
cially in those receiving high-intensity atorvastatin ther-
apy. We did not identify a significant association between
CYP3A5*3 and the 1-year prognosis of acute ischemic
stroke in the studied population.

Among currently identified variants within CYP3A4,
CYP3A4*1G (24.01%) was the most prevalent in the Han
Chinese population; other variants were relatively rare
(minor allele frequency <5%)."* A previous study evalu-
ated the influence of CYP3A4*1G on atorvastatin pharma-
cokinetics in Han Chinese patients with coronary disease.
It showed that the mean areas under the plasma concen-
tration-time curve from 0 to infinity of atorvastatin and its
metabolite were significantly lower in CYP3A4*1G/*1G
homozygote carriers than in individuals with the
CYP3A4*1/*1 homozygote and CYP3A4*1/*1G heterozy-
gote, respectively.” A case-control study indicated that
CYP3A4*1G was associated with an increased risk of
severe carotid artery disease in the Han Chinese popula-
tion.' A recent pharmacokinetic study demonstrated that
compared with CYP3A4*1/*1 and CYP3A4*1/“1G geno-
types, the CYP3A4*1G/*1G homozygote was associated
with a significantly decreased plasma concentration of dil-
tlazem in patients after renal transplantation.'” These
studies implied that the CYP3A4*1G/*1G homozygote
was associated with decreased efficiency of substrates
metabolized by CYP3A4. Our data were consistent with
those reported in these studies. We suspect that the associ-
ation between CYP3A4*1G/*1G and poor outcome of
ischemic stroke was mediated by the impact of
CYP3A4*1G on atorvastatin pharmacokinetics. We did
not obtain statin pharmacokinetic data in the present
study. Further cohort studies including statin pharmaco-
kinetic data with a larger sample size are needed to vali-
date the association.

The present study did not identify a significant associa-
tion between CYP3A5*3 and the 1-year outcome of
patients with acute ischemic stroke. CYP3A5*3 altered the
reading frame by creating a cryptic splice site in intron 3,
which resulted in a premature termination codon.'”’
Therefore, CYP3A5*3 was associated with decreased
mRNA expression; individuals carrying the CYP3A5*3/*3
homozygote were considered as not expressive of
CYP3A5.” The impact of CYP3A5*3 on the lipid response
of statin therapy has remained inconsistent in published
studies.”®”’ The reason for this finding may lie in the
study design and studied population. Another reason is
that this result may be due to the lessor extent contribu-
tion of CYP3A5 to statin metabolism compared to
CYP3A4. It was estimated that CYP3A5 contributed to
approximately 15% of atorvastatin metabolism, whereas
CYP3A4 accounted for 85% of atorvastatin metabolism.”!
Therefore, assessment of the influence of CYP3A5*3 may
be confounded by other variables. More studies are
needed to further explore the influence of CYP3A5*3 on
statin efficiency.

The present study was a retrospective analysis based on
a prospective observational cohort. Therefore, we did not
influence clinical activities such as determining the statin
type or dose on prescription. Although simvastatin and
lovastatin were metabolized by CYP3A4 and CYP3AS5,
only atorvastatin was prescribed in the enrolled patients.
Our data provide evidence for potential individualized
statin treatment for patients with ischemic stroke. We sus-
pect that genotyping of CYP3A4*1G may be of clinical sig-
nificance in the clinical decision to use statin therapy.

There are several limitations in the present study. First,
it was based on a single center; therefore, it may have
sampling bias. Second, we did not obtain statin pharma-
cokinetic data in our recruited population. In the future,
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the statin pharmacokinetic data of patients with stroke are
needed to better understand the efficiency of statin ther-
apy on stroke prognosis. Lastly, reexamination of the
plasma lipid level at regular intervals was suggested to
patients who were prescribed a statin; however, these
tests were not performed at strict time points after dis-
charge. Therefore, we did not analyze the association of
CYP3A4*1G and CYP3A5*3 with the lipid-lowering
response of atorvastatin. Further cohort studies with a
larger sample size from multiple centers are needed to
validate this association.

In conclusion, the present study indicated that
CYP3A4*1G is associated with poor outcome at 1 year
after acute ischemic stroke in the Han Chinese population.
Further studies that assess the statin pharmacokinetic
data and lipid-lowering response in patients with stroke
are needed to validate this association.
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