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Objective: We evaluated the association between APOE polymorphism and carotid atherosclerosis in two
large independent cohorts from South Korea.
Methods: The datasets were from the Dong-gu Study (N ¼ 9056) and the Namwon Study (N ¼ 10,158).
Carotid ultrasonography was performed to measure carotid intima-media thickness (IMT) and the
presence of carotid plaques. The APOE polymorphism was determined by PCR-RFLP. We performed
combined and separate analyses for the two datasets.
Results: In the combined analysis, individuals with E2E2 or E2E3 genotype had a lower common carotid
IMT compared with individuals with E3E3 genotype (0.684 mm vs. 0.736 mm, p ¼ 0.007; 0.718 mm vs.
0.736 mm, p < 0.001, respectively). This association was very slightly attenuated but remained statistically signiﬁcant after adjustment for blood lipids (0.690 mm vs. 0.736 mm, p ¼ 0.033; 0.725 mm vs.
0.736 mm, p ¼ 0.005, respectively). Compared with individuals with E3E3 genotype, individuals with
E2E3 genotype had lower risk for carotid plaque (odds ratio (OR) ¼ 0.83, 95% conﬁdence interval
(CI) ¼ 0.75e0.93), while individuals with E3E4 genotype had a higher risk for carotid plaque (OR ¼ 1.09,
95% CI ¼ 1.00e1.20). After adjustment for blood lipids, ORs of E2E3 genotype for carotid plaque was
slightly attenuated but remained signiﬁcant (OR ¼ 0.87 95% CI ¼ 0.78e0.97), while OR of E3E4 genotype
were slightly attenuated and not signiﬁcant (OR ¼ 1.08, 95% CI, 0.99e1.18).
Conclusions: We found that APOE polymorphism is associated with carotid atherosclerosis and this association was partly mediated through blood lipid. Our results suggest that APOE polymorphism may
inﬂuence atherosclerosis through non-lipid pathways.
Ó 2013 Elsevier Ireland Ltd. All rights reserved.
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Apolipoprotein E (apoE ¼ protein, APOE ¼ gene) binds to receptors on the liver to help mediate clearance of triglyceride-rich
lipoproteins from the plasma [1e3]. The APOE gene has three common alleles (E2, E3 and E4) arising from two single nucleotide
polymorphisms in exon 4, yielding six possible genotypes (E2E2,
E2E3, E2E4, E3E3, E3E4 and E4E4) [4]. E2 allele is associated with
lower LDL-C levels, and E4 allele with higher LDL-C levels, compared
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with E3 allele [5]. Approximately 7% of the variation in total
cholesterol levels is due to APOE genotypes [4]. Therefore, APOE
genotypes would be expected to confer a risk of atherosclerotic
disease.
The association between carotid atherosclerosis and APOE genotypes has been examined in the general population. However,
the results of these studies have been inconsistent. Some studies
[6e13] found signiﬁcant associations, whereas others [14e17] did
not. Many studies were not adequately powered to assess whether
APOE genotypes is associated with carotid atherosclerosis. In
particular, there have been no studies involving Asian populations
with over 500 subjects.
Therefore, we evaluated the association between APOE polymorphism and carotid atherosclerosis in two large independent cohorts from South Korea: the Dong-gu Study and the Namwon Study.
2. Methods
2.1. Subjects
The Dong-gu Study and the Namwon Study are ongoing prospective studies designed to investigate the prevalence, incidence,
and risk factors for chronic disease in urban and rural populations,
respectively. Details of the study subjects and measurements have
been published previously [18]. In the Dong-gu Study, 9260 subjects (50 years of age and older) from the Dong-gu district of
Gwangju Metropolitan City in South Korea were enrolled from
2007 to 2010. Of these, 204 subjects were excluded because of
missing data on carotid ultrasonography, genotype, blood lipids
and lifestyle. After these exclusions, data on 9056 participants
(3625 men and 5431 women) were included in the present analyses. In the Namwon Study, 10,667 subjects (4201 men and 6466
women) aged 45e74 years from Namwon City, Jeollabuk-do Province, South Korea, were enrolled from 2004 to 2007. Of these, 522
subjects were excluded because of missing data on carotid ultrasonography, genotype, blood lipids and lifestyle. With these exclusions, data on 10,145 participants (4002 men and 6143 women)
were included in the present analyses.
These two studies were approved by the Institutional Review
Board of Chonnam National University Hospital, and informed
consent was obtained from each subject.
2.2. APOE genotyping
Genomic DNA was extracted from peripheral blood with the
AccuPrep Genomic DNA Extraction Kit (Bioneer, Seoul, Korea) or
the QIAamp DNA Mini Kit (Qiagen Inc., Chatsworth, CA, USA) according to the manufacturer’s protocol. APOE genotypes were
determined as described by Hixson and Vernier, with slight
modiﬁcation [19]. Our APOE genotyping method has been reported
previously [20].
2.3. Carotid ultrasound
Carotid atherosclerosis was assessed by physicians using highresolution mode B ultrasonographic scans of the carotid arteries
(SONOACE 9900, Medison, Korea) with an electrical linear array
transducer (7.5 MHz). Images of the common carotid artery (CCA),
carotid bulb, and internal carotid artery were used to evaluate
intima-media thickness (IMT) and plaque. A single trained reader
analyzed the frozen images using SigmaScan Pro Version 5.0.0
(SPSS Inc., Chicago, IL, USA) according to a standardized protocol.
The Common carotid artery IMT (CCA-IMT) was determined as the
average of the maximum IMT of the left and right common carotid
arteries. The reader also assessed the presence of carotid plaques,
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deﬁned as focal structures that encroached into the lumen by at
least 100% of the surrounding IMT value. Sonographers and the
carotid reader were blind to genotypes and other information
about the subjects. The presence of carotid plaques was recorded if
at least one lesion was detected in any segment in both carotid
arteries.
2.4. Other clinical variables
Information on each subject’s medical history and lifestyle was
obtained using standardized questionnaires. Smoking status was
classiﬁed as non-smoker, former smoker, or current smoker. Height
and weight were measured to the nearest 0.1 cm, and weight to the
nearest 0.1 kg. Body mass index was calculated by dividing weight
(in kilograms) by height squared (in meters squared).
Diabetes was deﬁned by a fasting plasma glucose 126 mg/dl or
use of insulin or hypoglycemic medication. Blood pressure was
measured in the right upper arm using a mercury sphygmomanometer (Baumanometer; WA Baum Co., Inc., Copiague, NY, USA)
with an appropriately sized cuff after subjects rested at least 5 min
while seated. Three consecutive measurements of systolic and
diastolic blood pressures were performed at 1-min intervals, and
the average was used in the analysis. Hypertension was deﬁned by
systolic blood pressure 140 mmHg or diastolic blood pressure
90 mmHg, or use of blood pressure-lowering drugs.
Blood samples were drawn from an antecubital vein in the
morning following a 12-h overnight fast. Serum was separated
within 30 min of collection and stored at 70  C until analyzed.
Serum total cholesterol, high-density lipoprotein-cholesterol (HDLcholesterol), triglycerides, and fasting blood glucose levels were
measured using enzymatic methods. Low-density lipoprotein (LDL)
cholesterol was calculated by Friedewald’s formula in cases where
triglyceride levels were <400 mg/dl [21]. All samples were analyzed
using an automatic analyzer (model 7600 chemical analyzer; Hitachi
Ltd., Tokyo, Japan).
2.5. Statistical analysis
Data are presented as mean  standard deviation (SD) or percentage for categorical variables. Analysis of variance and Pearson’s
chi-square test were used to compare baseline characteristics across
APOE genotypes. Because triglyceride levels were not normally
distributed, log-transformed values were used for statistical comparison. We performed both genotype-based and allele-based analyses for APOE polymorphism. The APOE polymorphism was
categorized into E2E2, E2E3, E2E4, E3E3, E3E4 or E4E4 for genotypebased analyses and categorized into E2 (E2E2 and E2E3), E3 (E3E3), or
E4 (E3E4 and E4E4) for allele-based analyses. Subjects with the E2E4
genotype were excluded because of potential opposing biological
effects of the E2 and E4 alleles. We performed separate analyses as
well as a combined analysis for the two studies to increase the statistical power, as there was no statistically signiﬁcant heterogeneity
for the results in each study group. Multiple linear regression models
were used to evaluate the association between APOE genotypes and
IMT and multiple logistic regression models were used to evaluate
the association between APOE genotypes and carotid plaque. Model I
was adjusted for age, sex, BMI, smoking, diabetes and hypertension.
Model II was further adjusted for total cholesterol, HDL cholesterol,
and log-transformed triglycerides levels to evaluate whether associations were mediated by blood lipids. We also assessed for interaction of APOE genotypes with age, sex, and smoking status in full
adjusted multivariable models to examine whether these covariates
modiﬁed the association between APOE genotypes and carotid
atherosclerosis. In the combined analysis, we further adjusted for
the study group in all models. HardyeWeinberg equilibrium was
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tested by use of a chi-square goodness of ﬁt test. Statistical analyses
were performed using SPSS version 20.0 (SPSS, Inc., an IBM Company, Chicago, Illinois, USA).
3. Results
The characteristics of both study cohorts according to APOE
genotypes are presented in Table 1. The overall mean age was
younger in the Namwon Study than in the Dong-gu Study
(61.6  7.8 years vs. 65.2  8.2 years). The APOE genotypes frequencies were consistent with HardyeWeinberg equilibrium
(p ¼ 0.94 for the Dong-gu Study, p ¼ 0.84 for the Namwon Study).
The frequency of APOE genotypes for E2E2, E2E3, E2E4, E3E3, E3E4,
and E4E4 was 0.4, 10.4, 1.2, 72.0, 15.1, and 0.9%, respectively in the
combined cohort. The APOE allele frequency for E2, E3, and E4 was
6.2, 84.8, and 9.0%, respectively in combined cohort. The allele
frequency in this study was similar to that from other Korean
[22,23] and Japanese [24] populations. The frequencies of E2 and E4
allele in this study were lower than in Caucasians and African
Americans [10,12,25]. There were statistically signiﬁcant differences in total cholesterol, HDL cholesterol, triglyceride, and LDL
cholesterol levels across the APOE genotypes and alleles in both
cohorts. No other statistically signiﬁcant differences were observed.
The associations of APOE genotypes and allele with CCA-IMT are
also shown in Table 2. There were statistically signiﬁcant differences in CCA-IMT across the APOE genotypes and alleles in each
cohorts and in the combined analysis in all models. In the
genotype-based analysis, compared with the E3E3 group, individuals with E2E2 or E2E3 genotype had a lower IMT in the Donggu Study cohort (0.653 mm vs. 0.725 mm, p ¼ 0.014; 0.708 mm vs.
0.725 mm, p ¼ 0.004, respectively) and individuals with E2E3 genotype only had a lower IMT in the Namwon Study cohort
(0.726 mm vs. 0.746 mm, p < 0.001). In the combined analysis of

both studies, individuals with E2E2 or E2E3 genotype had a lower
CCA-IMT compared with the E3E3 group (0.684 mm vs. 0.736 mm,
p ¼ 0.007; 0.718 mm vs. 0.736 mm, p < 0.001, respectively). In the
allele-based analysis, compared with the E3 allele group, carriers of
E2 allele had a lower CCA-IMT in the Dong-gu Study, the Namwon
Study, and the combined analysis (0.706 mm vs. 0.725 mm,
p < 0.001; 0.726 mm vs. 0.746 mm, p < 0.001; 0.716 mm vs.
0.736 mm, p < 0.001, respectively) whereas the E4 allele showed no
relationship. These associations were slightly attenuated but
remained statistically signiﬁcant after adjustment for blood lipids
in combined analysis. The relationship between APOE genotypes
and carotid plaque are shown in Table 3. In the genotype-based
analysis, individuals with E2E3 genotype had a lower risk for carotid plaque than the E3E3 genotype in the Dong-gu Study, the
Namwon Study and the combined analysis (OR ¼ 0.85, 95%
CI ¼ 0.73e0.99; OR ¼ 0.80, 95% CI ¼ 0.69e0.93; OR ¼ 0.83, 95%
CI ¼ 0.74e0.92, respectively), while individuals with E3E4 genotype
had higher risk for carotid plaque than the E3E3 group (OR ¼ 1.09,
95% CI ¼ 1.00e1.20) in the combined analysis. In the allele-based
analysis, compared with the E3 allele group, carriers of E2 allele
had lower risk for carotid plaque than E3 allele group in the Donggu Study, the Namwon Study and combined analysis (OR ¼ 0.85,
95% CI ¼ 0.74e0.99; OR ¼ 0.81, 95% CI ¼ 0.69e0.95; OR ¼ 0.84, 95%
CI ¼ 0.74e0.93, respectively), whereas carriers of E4 allele had a
higher risk for carotid plaque than the E3 allele group (OR ¼ 1.10,
95% CI ¼ 1.01e1.12) in combined analysis. After adjustment for
blood lipids, ORs of E2E3 genotype or E2 allele for carotid plaque
were slightly attenuated but remained statistically signiﬁcant
(OR ¼ 0.87 95% CI ¼ 0.78e0.97; OR ¼ 0.88, 95% CI ¼ 0.79e0.98,
respectively), whereas ORs of E3E4 genotype and E4 allele were
slightly attenuated and not statistically signiﬁcant (OR ¼ 1.08, 95%
CI, 0.99e1.18; OR ¼ 1.08, 95% CI ¼ 0.99e1.18, respectively) in the
combined analysis.

Table 1
Characteristics of the study subjects according to APOE genotype.

Dong-gu Study
N
Age (years)
Men (%)
Body mass index (kg/m2)
Current smoking (%)
Hypertension (%)
Diabetes mellitus (%)
Myocardial infarction (%)
Stroke (%)
Total cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglyceride (mg/dl)
LDL cholesterol (mg/dl)a
Namwon Study
N
Age (years)
Men (%)
Body mass index (kg/m2)
Current smoking (%)
Hypertension (%)
Diabetes mellitus (%)
Myocardial infarction (%)
Stroke (%)
Total cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglyceride (mg/dl)
LDL cholesterol (mg/dl)a

E2E2

E2E3

E2E4

E3E3

E3E4

E4E4

p-value

40
62.6  7.2
14 (35.0)
24.5  2.4
4 (10.0)
13 (32.5)
12 (30.0)
2 (5.0)
1 (2.5)
192.5  61.1
54.2  13.2
195.8  145.9*
90.4  37.9*

975
65.0  8.1
411 (42.2)
24.3  2.9
109 (11.2)
441 (45.2)
201 (20.6)
8 (0.8)
34 (3.5)
188.9  37.9*
52.5  12.2
151.8  121.6*
107.5  31.8*

118
64.0  7.9
43 (36.4)
24.2  3
17 (14.4)
59 (50.0)
21 (17.8)
0 (0.0)
9 (7.6)
195.5  44.4
51.3  14.3
164.1  127.7
114.5  39.5*

6426
65.3  8.2
2548 (39.7)
24.4  3
702 (10.9)
2863 (44.6)
1218 (19.0)
90 (1.4)
258 (4.0)
202.9  39.6
51.8  11.9
139.2  96.7
124.4  35.3

1413
65.2  8
574 (40.6)
24.2  2.9
154 (10.9)
641 (45.4)
261 (18.5)
19 (1.3)
62 (4.4)
203.2  40.6
50.0  11.7*
148.8  96.5*
124.9  37.1

84
64.4  8.3
35 (41.7)
24.1  2.8
6 (7.1)
35 (41.7)
15 (17.9)
0 (0.0)
3 (3.6)
200.0  41.6
47.7  12*
171.4  103.5*
120  39.3

0.142
0.613
0.436
0.732
0.483
0.393
0.105
0.368
<0.001
<0.001
<0.001
<0.001

36
59.0  7.1
16 (44.4)
23.9  2.8
5 (13.9)
9 (25.0)
2 (5.6)
0 (0.0)
3 (8.3)
175.8  57.9
43.0  10.5
204.1  150.7
88.4  38.8*

1029
61.7  7.9
403 (39.2)
24.2  3.0
173 (16.8)
383 (37.2)
118 (11.5)
2 (0.2)
32 (3.1)
176.7  36.7*
49.0  13.0*
167.3  129.5*
95.8  29.1*

107
63.1  7.8
31 (29.0)
24.5  3.1
14 (13.1)
36 (33.6)
10 (9.3)
0 (0.0)
2 (1.9)
179.3  33.7*
47.1  12.9
181.1  112
96.9  30.1*

7401
61.6  7.8
2943 (39.8)
24.4  3.1
1141 (15.4)
2975 (40.2)
922 (12.5)
30 (0.4)
281 (3.8)
190.6  36.7
47.8  11.9
153.6  105.2
113.7  32.6

1484
61.4  7.8
573 (38.6)
24.4  3.1
223 (15.0)
586 (39.5)
174 (11.7)
5 (0.3)
45 (3.0)
192.7  37.1
45.7  11.4*
168.7  134.1*
116.0  33.5

88
61.5  6.7
36 (40.9)
24.0  3.2
11 (12.5)
35 (39.8)
14 (15.9)
1 (1.1)
4 (4.5)
193.8  41.4
43.9  10.5*
199.1  154.2*
113.9  34.4

0.090
0.292
0.261
0.733
0.139
0.453
0.693
0.273
<0.001
<0.001
<0.001
<0.001

Values are mean  SD or number (percentage).
HDL, high-density lipoprotein.
*P < 0.05 compared with E3E3 with a Bonferroni multiple comparisons test.
a
LDL cholesterol was calculated from Friedewald’s formula if triglyceride levels were <400 mg/dl.
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Table 2
Association of APOE genotype and allele with common carotid intima-media thickness.
Genotype

Dong-gu Study
Model I

Namwon Study
p*

E2E2
E2E3
E2E4
E3E3
E3E4
E4E4
p-value

0.653 
0.708 
0.730 
0.725 
0.729 
0.728 
<0.001

E2
E3
E4
p-value

0.706  0.004
0.725  0.002
0.730  0.004
<0.001

0.022
0.004
0.013
0.002
0.004
0.015

0.014
0.004
1.000
e
1.000
1.000
<0.001
e
0.870

Model II

p*

Model I

0.022
0.004
0.013
0.002
0.004
0.015

0.068
0.347
1.000
e
1.000
1.000

0.716 
0.726 
0.726 
0.746 
0.744 
0.762 
<0.001

0.712  0.004
0.725  0.002
0.727  0.004
0.012

0.018
e
1.000

0.663
0.714
0.732
0.725
0.727
0.726
0.013








Combined cohort
p*

Model II

p*

Model I

0.021
0.004
0.012
0.001
0.003
0.013

1.000
<0.001
1.000
e
1.000
1.000

0.718
0.734
0.733
0.746
0.740
0.757
0.025

0.020
0.004
0.012
0.001
0.003
0.013

1.000
0.068
1.000
e
1.000
1.000

0.684 
0.718 
0.729 
0.736 
0.737 
0.746 
<0.001

0.726  0.004
0.746  0.001
0.745  0.003
<0.001

<0.001
e
1.000

0.734  0.004
0.746  0.001
0.741  0.003
0.007

0.007
e
0.575








p*

Model II

p*

0.015
0.003
0.009
0.001
0.002
0.01

0.007
<0.001
1.000
e
1.000
1.000

0.690 
0.725 
0.734 
0.736 
0.734 
0.743 
<0.001

0.716  0.003
0.736  0.001
0.738  0.002
<0.001

<0.001
e
1.000

0.723  0.003
0.736  0.001
0.735  0.002
<0.001

0.015
0.003
0.009
0.001
0.002
0.01

0.033
0.005
1.000
e
1.000
1.000
<0.001
e
1.000

Data are presented as mean  standard error.
Model I, adjusted age, sex, BMI, smoking, diabetes and hypertension.
Model II, further adjusted for total cholesterol, HDL cholesterol, and log-transformed triglycerides.
In combined cohort, further adjusted for study group in all models.
In combined cohort, further adjusted for study group in all models.
*P-value when compared with E3E3 or E3 with a Bonferroni multiple comparisons test.

There was no effect modiﬁcation of sex, obesity, smoking, hypertension, diabetes mellitus, or total cholesterol on the association
of APOE genotypes with CCA-IMT and plaque (data not shown).
4. Discussion
In these two large population-based studies, we found that individuals with E2E2 and E2E3 genotypes had lower carotid IMT
compared with those with E3E3 genotype. We also found that individuals with E2E3 genotype was associated with lower risk of
carotid plaque, whereas individuals with E3E4 genotype was
associated with higher risk of carotid plaque compared with E3E3
genotype. After adjusting for blood lipids, these associations were
slightly attenuated which suggested that the association between
APOE genotypes and carotid atherosclerosis is partly mediated
through blood lipids. Although our results are not a novel ﬁnding
and have been reported previously, to our knowledge, this is the
largest population-based study to date and the ﬁrst study to
investigate the association of APOE gene polymorphisms and carotid atherosclerosis in an Asian population with over 500 participants; this enabled us to conﬁdently conﬁrm the small but
signiﬁcant effect of genotype.
In our study, individuals with E2E2 or E2E3 genotype had lower
CCA-IMT than individuals with E3E3 genotype, but E4 allele had no
effect. One meta-analysis of 22 published studies showed a statistically signiﬁcant difference of 0.046 mm (95% CI 0.029e0.062) in
CCA-IMT for E4 vs. E2 allele, but in analyses restricted to studies of

>1000 subjects, the mean difference was reduced to 0.017 mm (95%
CI 0.012e0.023) [26]. Considering the sample size, our study
showing the difference between E2 and E4 of 0.021 mm (95% CI
0.013e0.027) (data not shown) was in agreement with this metaanalysis. In addition, this observed effect size was similar in
magnitude to that of current smoking (0.023 mm, 95% CI 0.017e
0.029) and hypertension (0.024 mm 95% CI 0.020e0.028) (data not
shown). There have been ﬁve studies [8,10e13] which enrolled
more than 1000 subjects. Of these, three studies [8,10,12] found an
association between the E2 allele and lower IMT and two studies
[8,27] found an association between the E4 allele and higher IMT. In
the Rotterdam Study of 5401 participants [28], individuals with the
E2E3 genotype had lower CCA-IMT than those with E3E3 genotype.
In the Framingham Study of 2723 participants [9], carriers of the E2
allele had lower CCA-IMT than carriers of the E4 allele in women
only. In the ARIC study of 12,491 participants [29], compared with
carriers of the E3 allele, carrier of the E2 allele had lower carotid
IMT and carriers of E4 allele had higher carotid IMT in both
Caucasian and African Americans, but, after adjusting for lipid parameters, only carriers of the E4 allele had higher carotid IMT in
African Americans. In the Three-City Study of 5856 participants [8],
individuals with E3E4 had higher CCA-IMT than those with E3E3
genotype. However, in the Carotid Ultrasound Disease Assessment
Study (CUDAS) [4], there were no statistically signiﬁcant independent associations between APOE genotypes and carotid IMT.
In our study, individuals with E2E3 or E2E2 genotype had a
lower risk for carotid plaque compared with the E3E3 group,

Table 3
Odds ratio and 95% conﬁdence interval of APOE genotype and allele for carotid plaque.
Dong-gu Study

Namwon Study

Combined cohort

Model I

Model II

Model I

Model II

Model I

Model II

E2E2
E2E3
E2E4
E3E3
E3E4
E4E4

1.00 (0.50e1.99)
0.85 (0.73e0.99)
0.76 (0.50e1.15)
1 (reference)
1.09 (0.96e1.24)
1.26 (0.79e2.00)

1.04 (0.52e2.08)
0.89 (0.77e1.04)
0.78 (0.51e1.19)
1 (reference)
1.08 (0.95e1.22)
1.24 (0.78e1.97)

1.24 (0.59e2.60)
0.80 (0.69e0.93)
0.71 (0.45e1.12)
1 (reference)
1.10 (0.97e1.24)
1.08 (0.68e1.73)

1.24 (0.59e2.62)
0.83 (0.71e0.98)
0.73 (0.46e1.16)
1 (reference)
1.08 (0.95e1.22)
1.05 (0.65e1.67)

1.09 (0.66e1.82)
0.83 (0.74e0.92)
0.75 (0.55e1.02)
1 (reference)
1.09 (1.00e1.20)
1.17 (0.84e1.62)

1.12 (0.67e1.86)
0.87 (0.78e0.97)
0.77 (0.57e1.06)
1 (reference)
1.08 (0.99e1.18)
1.14 (0.82e1.58)

E2
E3
E4

0.85 (0.74e0.99)
1 (reference)
1.10 (0.97e1.24)

0.90 (0.77e1.05)
1 (reference)
1.09 (0.96e1.23)

0.81 (0.70e0.95)
1 (reference)
1.10 (0.97e1.24)

0.85 (0.73e0.99)
1 (reference)
1.07 (0.95e1.22)

0.84 (0.75e0.93)
1 (reference)
1.10 (1.01e1.12)

0.88 (0.79e0.98)
1 (reference)
1.08 (0.99e1.18)

Model I, adjusted age, sex, BMI, smoking, diabetes and hypertension.
Model II, further adjusted for total cholesterol, HDL cholesterol, and log-transformed triglycerides.
In combined cohort, further adjusted for study group in all models.
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whereas individuals with E3E4 genotype had higher risk. Of the ﬁve
previous studies that included more than 1000 subjects [8,10e13],
three studies [4,8,30] investigated the association between APOE
polymorphism and carotid plaque. Similar to our study, the ﬁndings
of the Three-City Study [8] suggested that carriers of E2 (E2E2/E2E3)
had lower risk of carotid plaque (OR ¼ 0.79, 95% CI ¼ 0.66e0.95),
whereas individuals with E4E4 genotype had higher risk (OR ¼ 2.12,
95% CI ¼ 1.27e3.53) compared with those with E3E3 genotype.
However, individuals with E2E3 genotype only had lower risk of
carotid plaque (OR ¼ 0.6, 95% CI ¼ 0.4e0.8) in the Rotterdam study
[31] and in only women (OR, 0.40; 95% CI, 0.17e0.91) in the CUDAS
study [4]. Our results are also consistent with a prior meta-analysis
reporting that the OR for coronary disease was 0.80 (95% CI, 0.70e
0.90) in E2 carriers and was 1.06 (95% CI, 0.99e1.13) in E4 carriers
compared with E3E3 [32].
The mechanisms by which APOE polymorphism affect carotid
atherosclerosis are not fully understood. This association can be
explained not only by differences in blood lipid levels among APOE
genotype groups but also by non-lipid pathways. In our combined
analysis, the CCA-IMT difference of 0.020 mm (95% CI 0.013e0.027)
between E2 allele and E3 allele carries was slightly attenuated to
0.013 mm (95% CI 0.005e0.020) after adjustment for blood lipids,
suggesting that the effects were partly mediated through blood
lipids and may also be mediated through non-lipid pathways. Of the
previous four studies involving more than 1000 subjects that reported the statistically signiﬁcant associations between APOE
polymorphism and IMT, three adjusted for blood lipids. In the Framingham Study, the difference in CCA-IMT between E2 allele and E4
allele groups decreased from 0.03 mm to 0.02 mm and remained
statistically non-signiﬁcant after adjustment for blood lipids. In the
ARIC study, the differences in the CCA-IMT between carriers of E3
allele and of E2 or E4 allele decreased from 0.011 mm to 0.005 for
both alleles in Caucasians but not in African Americans. However, in
the Rotterdam study, adjustments for total and HDL cholesterol did
not change the association. APOE genotypes may also inﬂuence
carotid atherosclerosis through antioxidant and inﬂammation
modulatory properties of apoE [31]. ApoE has antioxidant activity
varying in strength according to the allele (E2 > E3 > E4) [31]. ApoE
is an endogenous immunomodulatory agent that can affect both the
innate and the adaptive immune responses [28,30,33]. Differential
inﬂammation modulatory properties among the apoE isoforms
have also been suggested [27,29,34].
The strengths of this study included its very large sample size
and adequate statistical power. It is difﬁcult to detect any smallsized effect of APOE genotypes without a large enough sample
size. A sample size of over 6000 subjects would be necessary for
80% power at p < 0.05 to detect a per-genotype mean carotid IMT
difference of 0.01 mm in a co-dominant model assuming a minor
allele frequency of 0.2 [35]. Additionally, we were able to correct for
the problem of multiple comparisons between genotypes using the
Bonferroni correction because of the very large sample size.
Nevertheless, several limitations were also present. First, only a
single measurement of blood lipids was used in the analysis. Single
measurement for blood lipids may have low reliability in representing lifetime exposure. Therefore, the mediation effect of blood
lipids when evaluating the relationship between APOE genotypes
and carotid atherosclerosis may be underestimated. Second, we did
not use ECG-gated carotid ultrasonography because the highresolution B-mode ultrasound used in our study did not provide
ECG on carotid measurements. To overcome this problem, we
evaluated consecutive images of the carotid artery during a 10-s
phase (video clip) and stored images of the minimum common
carotid artery diameter, representing the end-diastolic phase.
Third, potential differences in IMT measurements across this and
previous studies may inﬂuence the inconsistent results.

In conclusion, from analyses of these two large-scale studies, we
found that the APOE polymorphism is associated with carotid
atherosclerosis and this association was partly mediated through
blood lipids. Our results suggest that APOE polymorphism may
inﬂuence atherosclerosis through non-lipid pathways.
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