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Apolipoprotein E and Carotid Artery Atherosclerosis
The Rotterdam Study
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Background and Purpose-Carotid artery atherosclerosis is a strong predictor for future stroke. It is yet unclear whether
the apolipoprotein E polymorphismAPOEB is related to atherosclerosis in the carotid arteries. The aim of the present
study was to investigate the role APOEIn carotid artery atherosclerosis.

Methods—A population-based cross-sectional study was performed on 5401 subjects. Atherosclerosis was noninvasively
assessed by the common carotid artery intima-media wall thickness and the presence of plaques in the carotid arteries
The relationship of the ®&POE genotypes with these 2 indicators was studied with linear and logistic regression
analysis, respectively, with adjustments for age and sex.

Results—Carriers of theE2E3genotype had a thinner intima-media wall thickness (mean differen@€2 mm; 95% ClI,

—0.03 to—0.01 mm) and fewer plaques (odds ratio feB plaques at 6 sites, 0.6; 95% CI, 0.4 to 0.8) than the most
common groupE3E3 The E4E4 group had slightly more atherosclerosis, but this was not statistically significant.
Adjusting for the level of the apolipoprotein E protein (apoE) in serum or total or HDL cholesterol did not essentially
change these findings.

Conclusions—Our results suggest that APOE*4 is not an important risk factor for carotid artery atherosclerosis. The
inverse relationship oE2E3with carotid artery atherosclerosis seems to be independent of serum apoE and total and
HDL cholesterol levels. However, the low frequency, together with the small effects, implies that any protective effect
of E2E30n carotid artery atherosclerosis is limit€&troke 2001;32:1947-1952.)
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igh levels of total and LDL cholesterol and low levels of rosis in the carotid arteries strongly predicts a future stiéke,

HDL cholesterol predispose to the development of studies of these traits can efficiently be used to study stroke
atherosclerosis. Serum levels of these lipids are partly risk factors. Additionally, studies oAPOEand carotid artery
determined by the apolipoprotein E genotygePOE). The atherosclerosis have yielded inconsistent resét&.Again,
APOE gene has 3 common alleles, APOE*2, APOE*3, and Several investigations were relatively small. Since most
APOE*4, which fully determine the protein isoforms apoE2, Studies were not population-baset’—>*and excluded sub-

apoE3, and apoE4, respectively, and partly determine thejects at high risk of atherosclerosiﬂ'"z;,21 select_ion bias may
level of apolipoprotein E protein (apoE) in serdm.Com- have occurred. None of the previous studies evaluated an

. N association betweehPOEand atherosclerotic plaques, while
pared with APOE*3 homozygotes, the most common geno- not more than 1 study explored the role of serum apoE level
type, APOE*2, is associated with lower levels of total and y exp P

in carotid atherosclerosts.
LDL cholesterol and with higher levels of HDL cholesterol,

; N ) . ) A putative relation betweerAPOE and atherosclerosis
while APOE*4 has opposite effects? ApoE plays a pivotal  .qid result either from differences in function of the iso-

role in the transport of lipoproteifsand is involved in  forms or from differences in serum levels. The aim of this
numerous processes in the arterial wall. study was to investigate, in the general population of elderly,

Research on thaPOE polymorphism and stroke has been  the association of thAPOEgenotype with atherosclerosis in
inconclusive, but many of the studies were heterogeneous andcarotid arteries, while considering the role of serum apoE
smallé-14 Because ultrasonographically assessed atheroscledevel and total and HDL cholesterol.
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TABLE 1. Characteristics of Study Population According to APOE Genotypes

E2E2 E2E3 E2F4 E3E3 E3E4 E4F4
(n=46) (n=704) (n=137) (1=3122) (n=1258) (n=134)
Age, y 71.4(8.9) 69.3 (9.1) 69.2 (8.7) 69.2 (8.9) 69.1 (8.9) 68.1(7.6)
Men 44% (20) 36% (256) 43% (59) 41% (1289) 4% (518) 45% (60)
Systolic blood pressure, mmHg ~ 142.5 (25.0) 139.2 (21.8) 1385 (21.8) 140.0 (22.6)  137.6 (21.5)* 140.6 (22.8)
Diastolic blood pressure, mm Hg 74.8 (11.7) 73.5(11.2) 73.0 (12.0) 73.7(11.8) 72.7 (1.4 74.0 (11.4)
Diabetes mellitus 9% (4) 11% (79) 10% (13) 11% (328) 9% (111) 7% (9)
Body mass index, kg/m? 26.9 (4.4) 26.5 (3.7) 26.5 (3.5) 26.3 (4.1) 26.1(3.7) 26.1(3.6)
Current smoking 22% (10) 23% (157) 25% (33) 23% (718) 23% (278) 18% (23)
Total cholesterol, mmol/L 6.42 (1.65) 6.38 (1.30) 6.54 (1.11) 6.62 (1.21) 6.79 (1.19)% 6.81 (1.04)
HDL cholesterol, mmol/L 1.34(0.31) 1.41 (0.39)f 1.36 (0.40) 1.35 (0.36) 1.32(0.36)* 1.31(0.39)
ApoE level, mmol/L 2.21 (1.35)* 1.18 (0.53)f 111 (0.45)F 0.81(0.32) 0.64 (0.25)% 0.45 (0.15)

Values are unadjusted means (SD) or proportions (numbers). In total, 44 subjects (0.8%) had missing data on blood pressure, 1 (0.02%) on diabetes
mellitus, 82 (1.5%) on smoking, 32 (0.6%) on total cholesterol, and 39 (0.7%) on HDL cholesterol. Serum apoE was measured in a random sample
(n=1194).

*Significantly different from E3E3 group: P<<0.05.

tSignificantly different from E3E3 group: P<<0.005.

Significantly different from E3E3 group: P<<0.0005.

Subjects and Methods where24 Serum apoE levels were determined by enzyme-linked
. immunosorbent ass&y. Serum total and HDL cholesterol were
Population determined with an automated enzymatic proceéerre.
This study is part of the Rotterdam Study, a population-based,
single-center cohort study on chronic and disabling diseases in the Datg Analysis

elderly. The design of the _study has been_described previéisly. The association between thsPOE genotype and carotid artery
Informed consent was obtained from all subjects, and the study was giherosclerosis was explored in the following multivariate models.

approved by the medical ethics committee of Erasmus Medical pitferences in common carotid artery intima-media wall thickness
Center. All inhabitants of a suburb of Rotterdam, aged at least 55 \yere studied in a multiple linear regression model. The relative

years, including people living in homes for the elderly, were invited e\ a1ence of a plague (ie, at least 1 plaque at either the left or the
to participate. In total, 7983 participants (response rate, ,78%) WEr€ right side) in the common carotid arteries, the carotid bifurcations,
included (1990-1993). BOIOOd was taken from 7041 participants of 5nq the internal carotid arteries was estimated by odds ratios (OR)
the Rotterdam Study (88 /oQ\POEge.notg/pmg was performedinall iy 9505 CI with the use of multiple logistic regression models.
SUbJeCt.S who donated blood<8852; 86% of the cohort)._Fanure to Moreover, because plaques were assessed at 3 sides in the carotid
determine theAPOE genotype resulted mainly from inadequate  5eria| tree, at both the left and the right sides, the minimum number
storage of buffy coats from_leukocytes and Was_random. UItr_as_onog- of plaques was 0, and the maximum number was 6. Because there is
raphy of the carotid arteries was performed in 5854 participants o+t rther strong evidence to assume an association bet\ROE

0, i . . . .
(73%), of whom 5401 subjects had a knowROE genotype. Of and atherosclerosis at 1 particular side, the study population was
these, 4273 persons had complete assessment on atherosclerotig,iaqarized into those without any plaques, persons with 1 to 3
plaques_ at bo_th sides of th? common C".’lmt'd arteries, the carotid plaques, and subjects with 4 to 6 plaques to explore a possible
artery bifurcations, and the internal carotid arteries. Missing ultra- dose-response relationship. In the analyses of the ORs for 1 to 3
sonography data were mainly due to limited availability of ultra- -0 65 "subjects with 4 to 6 plaques were excluded. Similarly, when
sonographers in 1990 and 1991 and were random. In a randomy,e a1 7ed the outcome for 4 to 6 plaques, we excluded subjects

sample of the first 1200 participants, serum apoE level could be with 1 to 3 plaques. Th&3E3group was used as a reference in all
determined in 1194,

analyses.
. . To adjust for confounding, age and sex were included in all
Investigations models. To explore any effects &POE independent of total and

To assess the presence of atherosclerosis in the carotid arteriesHDL cholesterol, we added these factors to the model. Furthermore,
ultrasonography was performed with a 7.5-MHz linear-array trans- we built models with theAPOE genotypes and the following
ducer and a duplex scanner (ATL UltraMark IV). The intima-media cardiovascular risk factors: systolic blood pressure, diastolic blood
thicknesses of the distal part of both common carotid arteries were pressure, diabetes mellitus, body mass index, smoking, and total and
measured and averaged, as described béfohe.addition, both HDL cholesterol to study effects oAPOE irrespective of these
common carotid arteries, both carotid artery bifurcations, and both variables. Moreover, to investigate the role of serum apoE level in
internal carotid arteries were evaluated for the presence of athero-the association of thaPOEgenotypes and atherosclerosis, the study
sclerotic plagues, defined as a focal widening relative to adjacent population was restricted to subjects in whom the level of apoE in
segments with protrusion into the lum&hinformation on health  serum was determined, and models were compared with and without
StatuS, drug use, and Sm0k|ng behavior was obtained with a com- serum apoE level (entered as a continuous Variab'e)_

puterized questionnaire. Height and weight were measured, and body |n addition, to explore an association of the level of serum apoE

mass index was calculated. and carotid artery plaques, logistic regression analysis was used, and
) linear regression models were used to study the relationship of apoE
Laboratory Analysis level and intima-media thickness. Serum apoE levels was entered as

APOE genotyping and the determination of the serum apoE level a continuous variable, and these analysis were also adjusted for age
were performed on coded samples from nonfasting subjects, without and sex.

knowledge of the other measurements. Genotyping was performed The percentage of explained variance was estimated by the
with the use of a polymerase chain reaction, as described else-squared adjusted multiple correlation coefficiehThe Pearson's?
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TABLE 2. Difference in Common Carotid Artery Intima-Media Thickness by APOE Genotypes
E2E2 E2E3 E2E4 E3E3 E3E4 E4E4

All
Model 1 —0.04 (—0.08 to —0.00)*
Model 2 —0.04 (—0.08 to 0.00)
n=46

—0.02 (—0.03 to —0.01)*
—0.01 (—0.03 to —0.00)*
n=704

Men
Model 1 —0.08 (—0.15 to —0.01)*
Model 2 —0.07 (—0.14 to —0.01)*
n=20

—0.03 (—0.05to —0.01)*
—0.03 (—0.05 to —0.01)*
n=256

Women
Model 1 —0.01 (—0.06 to 0.04)
Model 2 —0.01 (—0.07 to 0.04)
n=26

—0.01 (~0.02 to 0.00)
—0.01 (—0.02 t0 0.01)
n=448

~0.01 (—0.03 10 0.02)
0.00 (—0.03 t0 0.02)
n=137

0.02 (—0.02 to 0.06)
0.02 (—0.02 to 0.06)
n=>59

—0.02 (—0.05 t0 0.01)
—0.02 (—0.05 t0 0.01)
n=78

0 (reference)
0 (reference)
n=3122

0 (reference)
0 (reference)
n=1289

0 (reference)
0 (reference)
n=1833

0.00 (—0.01 t0 0.01)
0.00 (—0.01 to 0.01)
n=1258

0.00 (—0.02 to 0.01)
0.00 (—0.02 to 0.01)
n=>518

0.00 (—0.01 t0 0.01)
0.00 (—0.01 t0 0.01)
n=740

0.01 (—0.01 t0 0.04)
0.01 (—0.02 0 0.03)
n=134

0.03 (—0.01 to 0.06)
0.02 (—0.01 to 0.06)
n=60

0.00 (—0.03 to 0.03)
0.00 (—0.04 to 0.03)
n=74

Values are mean difference with E3E3 group in mm with 95% Cls, adjusted for age and sex (model 1) or age, sex, and total and HDL cholesterol (model 2).

*Significantly different from E3E3 group: P<<0.05.

statistic was used for categorical data, and an ANOVA was applied

APOE and Carotid Artery Plaques

to continuous, normally distributed variables. In case of missing data \We found similar relationships APOE and plaques in the

for possible confounders or intermediate factors, the most likely
value was imputed on the basis of age and sex.

Results
The distribution of theAPOE polymorphism in our study
population was in Hardy-Weinberg equilibriurBZE2 0.9%
[n=46]; E2E3 13.0% [n=704]; E2E4 2.5% [n=137]; E3E3
57.8% [n=3122]; E3E4 23.3% [n=1258]; andE4E4 2.5%
[n=134]; *=1.5, df=3, P=0.35). Descriptive statistics are
presented in Table 1. Total and HDL cholesterol differed
across theAPOE genotypes (Es:=11.4, P<<0.0005 and
Fss3s=5.5, P<<0.0005, respectively). Compared with the
E3E3 group, total cholesterol was higher B3E4 and in
E4E4 carriers and lower in carriers &2E2or E2E3 HDL
cholesterol, by contrast, was highest in subjects with the
E2E3genotype and lower in persons wH3E4or E4E4 The
APOE genotype explained 27% of the variance in serum
apoE levels. Serum apoE level was highesERE2 carriers,
intermediate in subjects witA3E3 and lowest in carriers of
the E4E4genotype (E115=88.1,P<<0.0005). No other major

common carotid arteries, the carotid artery bifurcations, and
the internal carotid arteries. Carriers of tB2E3 genotype
had a lower prevalence of plaques at all 3 sites (age- and
sex-adjusted ORs, all 0.8) compared with 888E3 group.
Carriership of an APOE*4 allele was not associated with the
presence of plagues. We further analyzed the total number of
plaques at all sides to increase statistical power. As shown in
Table 3, there was no association betw&dPOE and the
intermediate number of plaques. However, the prevalence of
>3 plaques was decreased in carrier€2E3(OR, 0.6; 95%

Cl, 0.4 to 0.8;P=0.003) and increased in persons WH#HE4
albeit this was not statistically significant (OR, 1.4; 95% ClI,
0.8t02.4;P=0.21). In men we found an increased OR for the
E2E2genotype, but this was not statistically significant either
(OR, 2.7; 95% CI, 0.6 to 12.1°=0.19). No other major
differences were observed across sex or categories of age.
Adjusting for total cholesterol and HDL cholesterol or for the
aforementioned cardiovascular risk factors did not essentially
change our findings (latter not shown).

differences were observed between subjects with the variousSerum ApoE Level and Atherosclerosis

APOEgenotypes.

APOE and Intima-Media Thickness
The median common carotid artery intima-media wall thick-

When we restricted the study population to persons with a
known serum apoE level ¢1194), we found that serum
apoE level was not associated with common carotid artery
intima-media thickness (age- and sex-adjusfg€0.002;

ness in thee3E3group was 0.77 mm (10th centile, 0.63; 90th  SE=0.009;P=0.80). Furthermore, similar associations were
centile, 1.00 mm). Compared with this reference group, found of APOEwith the presence of a plaque at 1 of the 3
carriers of E2E2 or E2E3 had a thinner intima-media wall  |ocations in the carotid arterial tree, and we therefore ana-

thickness, particularly among men (Table 2). Among men we |yzed the total number of plaques at all sides. We found that

found further that carriers 0dE2E4 or E4E4 had a slightly

increasing serum apoE levels slightly increased the OR for

increased common carotid artery intima-media wall thickness <4 plaques (OR:1.3 for every mmol/mL increase; 95% Cl,

than persons witlE3E3 but this was not statistically signif-
icant (P=0.32 andP=0.21, respectively). Findings were

0.9 to 2.1), but this was not statistically significaR(0.21).
The OR for>3 plaques was 1.8 for every mmol/mL increase

comparable after stratification according to age. When total (95% ClI, 0.9 to 3.4P=0.08). Analyses with both thAPOE

and HDL cholesterol were added to the model, or when we genotype and serum apoE levels in the model slightly
further adjusted or stratified on the cardiovascular risk factors strengthened the relationships of both determinants with
as defined above, our observations did not change. carotid plaques and intima-media thickness (data not shown).
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TABLE 3. OR for Plaques in Carotid Arteries in Relation to APOE Genotypes

No. of Plaques E2E2 E2E3 E2E4 E3E3 E3E4 E4E4
Al
1-3, model 1 1.0(0.4102.2) 0.9(0.7t01.1) 0.9(0.6t01.4) 1 (reference) 1.1(091t01.2) 0.7(0.4t01.1)
1-3, model 2 1.0(0.4102.3) 09(0.8t01.2) 0.9(0.6t01.4) 1 (reference) 1.0(09101.2) 0.7(0.41t01.1)
Affected/observations 14/31 (45%) 254/558 (46%) 44/107 (41%) 1103/2506 (44%) 434/966 (45%) 35/105 (33%)
All
4-6, model 1 1.0 (0.3 10 3.0) 0.6 (0.4 0 0.8)t 0.9(0.5t01.7) 1 (reference) 1.0(0.8t01.3) 1.4(0.81t02.4)
4-6, model 2 1.2(0.4103.7) 0.6 (0.5t0 0.9) 1.0(0.5t01.8) 1 (reference) 1.0(0.8t01.2) 1.3(0.7t02.2)
Affected/observations 6/31 (19%) 64/558 (12%) 19/107 (18%) 438/2506 (18%) 164/966 (17%) 26/105 (25%)
Men
1-3, model 1 0.7 (0.2 t0 3.5) 1.0(0.7t01.4) 0.7 (0.3 t0 1.4) 1 (reference) 1.0(0.8101.3) 1.0(0.8101.3)
1-3, model 2 0.9(0.2t04.2) 1.0(0.7t01.4) 0.7 (0.3t0 1.4) 1 (reference) 1.0(0.8t01.3) 1.0(0.5t01.9)
Affected/observations 4/13 (31%) 103/208 (50%) 18/46 (39%) 472/1041 (45%) 180/386 (47%) 20/49 (41%)
Men
4-6, model 1 2.7(0.6t012.1) 0.7(0.4t01.1) 0.9(0.4t02.1) 1 (reference) 0.9(0.7t01.3) 1.5(0.71t03.4)
4-6, model 2 3.3(0.7t0 15.1) 0.7(0.4t01.1) 0.9(0.4t02.1) 1 (reference) 0.9(0.61t01.3) 1.5(0.7103.3)
Affected/observations 6/13 (46%) 31/208 (15%) 11/46 (24%) 226/1041 (22%) 76/386 (20%) 14/49 (29%)
Women
1-3, model 1 1.1(0.41t02.8) 0.8(0.7t01.1) 1.1(0.6t01.9) 1 (reference) 1.1(091t01.3) 0.5(0.3t01.0)
1-3, model 2 1.1(0.4102.9) 0.9(0.7t01.2) 1.1 (0.6 t0 2.0) 1 (reference) 1.0(0.8t01.3) 0.5(0.3t01.0)
Affected/observations 10/18 (56%) 151/350 (43%) 26/61 (43%) 631/1465 (43%) 254/580 (44%) 15/56 (27%)

Values are ORs with 95% Cls adjusted for age and sex (model 1) or age, sex, and total and HDL cholesterol (model 2).
*Significantly different from E3E3 group: P<0.05.
1Significantly different from E3E3 group: P<<0.005.

Discussion We estimated the presence of atherosclerosis by established,

In this large population-based study, we found thatER&3 validated technique®¥-31To assess the prevalence of athero-
genotype was inversely related to plaques in the carotid sclerosis, we investigated not only the intima-media thickness
arteries and with the intima-media thickness of the common of the common carotid arteries but also plaques at 3 sites of
carotid arteries. These inverse associations did not weakenthe carotid arterial tree. However, some measurement error
when adjustments were made for serum apoE and total ormay have occurred, and we could not differentiate between
HDL cholesterol. We did not find an association between homogeneous and heterogeneous plagt@sSince all lab-
E3E4and carotid artery atherosclerosis. Atherosclerosis was oratory analyses were performed without knowledge of the
slightly more prevalent in th&4E4 group, although these  other measurements, any misclassification is most likely
associations never reached statistical significance. Inconsis-nondifferential and will therefore most likely result in an
tent findings were observed in tE&2E2and E2E4 groups. underestimation of the true effect. Furthermore, our study

A limitation of this study is the cross-sectional design population was more than twice as large as all previous
because it could be hypothesized that selective survival may studies onAPOE and carotid artery atherosclerosis together
have occurred. However, when we restricted the study pop- (n=5401 versus #2148)16-21
ulation to persons in whom mortality may be less important ~ All possible relationships of théAPOE genotype with
(ie, younger persons with no evidence of vascular diseases oratherosclerosis have been reported beferé:34First, the
vascular risk factors), similar findings were obtained (not presence of atherosclerosis was found to be increased in
shown). Furthermore, inconsistent findings have emerged APOE*4 carriers and to be decreased in carriers of the
from studies orAPOEand survival. In the Rotterdam Study, APOE*2 allele!¢.1734This was observed in an autopsy study
APOEwas not related with mortality during follow-wg8.This in young males who died of external cau®eand in studies
indicates that selective survival did not play a major role.  in which carotid artery atherosclerosis was assessed by

An advantage of this study is the population-based ap- ultrasonography: 1 in patients referred for coronary angiog-
proach that included institutionalized subjects with a high raphy® and 1 in a population-based study of subjects free
response rate. Of concern is the exclusion of persons with from cardiovascular diseaséSecond, an increased risk of
missing data. However, when we compared subjects from our atherosclerosis has been found in relation to APOE*2. This
study population with other, excluded participants in the was suggested by the Atherosclerosis Risk in Communities
Rotterdam Study, we did not observe consistent differences (ARIC) Study among subjects free from cardiovascular dis-
with regard to cardiovascular risk indicators (not shown). ease and confirmed in a study on subjects referred to an
Selection bias seems therefore not to be likely, and our atherosclerosis prevention clinic, who had no plaque or
findings can be generalized to the general elderly population. stenosis in the carotid wall and who were free from cardio-
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vascular diseas®.Third, no association betweexPOE and
atherosclerosis has been reported. These findings refer to 2
investigations on ultrasonographically assessed intima-media

thickness of subjects without evidence for vascular dis- 5.

easel?21 All previous studies thus excluded persons with
highest risk of vascular disease, and because few of them
were population-based;® these findings are subject to

selection bias and cannot be generalized to the general 7.

population.
Our observation that APOE*2 carriers have in serum

higher levels of apoE and HDL cholesterol and lower levels g,

of total cholesterol and that APOE*4 has opposite effects is in
agreement with earlier repois* However, adjustment for
serum apoE level or for total and HDL cholesterol did not 4
weaken the inverse association B2E3 with carotid artery
atherosclerosis. Because the effect&@E3on atherosclero-

sis seem therefore not to result from its effects on serum apoE
or cholesterol levels, th&2E3 genotype may protect from

atherosclerosis through alternative pathways. 11.

Atherosclerosis is associated with increased oxidative

stress, since the oxidative modification of LDL seems to be a ;,

crucial step in its developmepit.The various apoE isoforms
have been found to exert different antioxidant efféeéts.

Furthermore, because apoE seems to have several othet®

properties with relevance to vessel wall homeostasis, includ-

ing the modulation of platelet aggregability and the prolifer- 14.

ation and migration of smooth muscle cells and lympho-
cytes®37it is possible that these properties may differ across
the apoE isoforms.

In conclusion, we found that APOE*4 was only weakly
and nonstatistically significantly related to atherosclerosis in
the carotid arteries. By contrast, an inverse relationship
between thé&&2E3genotype and carotid artery atherosclerosis
was observed, which was independent of serum apoE and
total and HDL cholesterol levels. However, the |®&2E3
frequency, together with the small effects, implies that any
protective effect is limited.
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