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Abstract Apolipoproteins (apo) E and C-I are components
of triglyceride (TG)-rich lipoproteins and impact their me-
tabolism. Functional polymorphisms have been established
in apoE but not in apoC-I. We studied the relationship be-
tween apoE and apoC-I gene polymorphisms and plasma lipo-
proteins and coronary artery disease (CAD) in 211 African
Americans and 306 Caucasians. In African Americans but not
in Caucasians, apoC-I H2-carriers had significantly lower total
and LDL cholesterol and apoB levels, and higher glucose,
insulin, andHOMA-IR levels compared withH1 homozygotes.
Differences across CAD phenotypes were seen for the apoC-I
polymorphism. African-American H2-carriers without CAD
had significantly lower total cholesterol (P, 0.001), LDL cho-
lesterol (P , 0.001), and apoB (P , 0.001) levels compared
with H1 homozygotes, whereas no differences were found
across apoC-I genotypes for African Americans with CAD.
Among African-American apoC-I H1 homozygotes, subjects
with CAD had a profile similar to the metabolic syndrome
(i.e., higher triglyceride, glucose, and insulin) compared
with subjects without CAD. For African-American H2-
carriers, subjects with CAD had a pro-atherogenic lipid
pattern (i.e., higher LDL cholesterol and apoB levels), com-
pared with subjects without CAD. ApoC-I genotypes
showed an ethnically distinct phenotype relationship with
regard to CAD and CAD risk factors.—Anuurad, E., M.
Yamasaki, N. Shachter, T. A. Pearson, and L. Berglund. ApoE
and ApoC-I polymorphisms: association of genotype with
cardiovascular disease phenotype in African Americans.
J. Lipid Res. 2009. 50: 1472–1478.
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Apolipoprotein (apo) C-I is a constituent of triglyceride
(TG)-rich lipoproteins. ApoC-I is reported to inhibit he-
patic lipase and to interfere with lipoprotein clearance by
the LDL receptor, the LDL receptor-related protein (LRP)
and the VLDL receptor (1–4). Overexpression of apoC-I in
transgenic mice produces combined hyperlipidemia along
with increased postprandial lipemia (5–7). Increased levels
of plasma apoC-I and VLDL apoC-I in hypertriglyceridemic
subjects are associated with an increased production of
VLDL apoC-I (8). These studies have raised the possibility
that apoC-I may play an important role in clinical dyslipid-
emia and coronary artery disease (CAD).

Genetic variability of apolipoprotein E (apoE) is a major
determinant of plasma lipoprotein levels (9). Furthermore,
apoE genotype frequencies differ between African Ameri-
cans and Caucasians (10, 11). Variation of apoE genotypes
has been strongly and consistently associated with plasma
lipid levels and risk of CAD (12–16). In contrast to apoE,
less information is available on apoC-I genetic variation
in humans or on their possible contributions to clinically
relevant lipoprotein phenotypes. A DNA polymorphism
produced by a CGTT insertion 317-bp 5′ to the apoC-I tran-
scription initiation site (apoC-I -317insCGTT) has been
described and is at present the only known common
apoC-I gene variant (17, 18). This polymorphism has been
termed the HpaI RFLP, with “H2” designating the insertion
allele (and consequent presence of the HpaI DNA restric-
tion enzyme site) and “H1” designating the deletion allele
(and absence of the HpaI site). The H1 and H2 alleles of
apoC1 have been reported to show an ethnically distinct
pattern of linkage disequilibriumwith alleles of the adjacent
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apoE gene (18–20). In our prior study of an elderly, multi-
racial, community-based population, there was a strong asso-
ciation of apo y3 with the apoC-I H1 allele and of apo y4 with
apoC-I H2 allele in non-Hispanic Caucasians. In contrast, in
African-Americans, these associations were significantly
weaker, while apo y2 was closely associated with H2 in both
groups (18). Similar ethnic differences in the genetic associa-
tion of the two markers were found in a comparison of
Portuguese with Africans from Sao Tome e Principe (19).

In contrast to the wealth of information on apoE geno-
types, the relationship of apoC-I genotypes with CAD has not
been addressed. In the current study, we investigated the
association between genetic polymorphism of apoE and
apoC-I and cardiovascular disease and risk factors across
African-American and Caucasian ethnicity. This approach
allowed us to assess differences across both CAD phenotypes
and apoC-I and apoE genotypes for each ethnic group.

MATERIALS AND METHODS

Subjects
Subjects were recruited from a patient population scheduled

for diagnostic coronary arteriography either at Harlem Hospital
Center in New York City or at the Mary Imogene Bassett Hospital
in Cooperstown, NY. The clinical characteristics of the study pop-
ulation and the study design, including inclusion and exclusion
criteria, have been described previously, and notably, exclusion
criteria included use of lipid-lowering drugs (16, 21). Briefly, a
total of 648 patients, 401 men and 247 women, ethnically self-
identified as Caucasian (n 5 344), African American (n 5 232),
or Other (n 5 72) were enrolled. The present report is based on
the findings in 306 Caucasians (201 males, 105 females) and 211
African Americans (123 males, 88 females) in whom lipid levels
and apoE and apoC-I genotypes were available. The study was
approved by the Institutional Review Boards at Harlem Hospital,
the Mary Imogene Bassett Hospital, Columbia University College
of Physicians and Surgeons, and University of California Davis,
and informed consent was obtained from all subjects.

Clinical and biochemical assessment
Fasting blood samples were drawn approximately 2–4 h before

the catheterization procedure, and serum and plasma samples
were stored at 280°C prior to analysis. Serum triglycerides, total
and HDL cholesterol, and glucose were determined using standard
enzymatic procedures, and LDL cholesterol levels were calculated
as described (22–25). Homeostasis model assessment–insulin resis-
tance (HOMA-IR)was calculatedusing the updatedmodel available
from the Oxford Centre for Endocrinology and Diabetes (26, 27).

Determination of apoE and apoC-I genotypes
ApoE genotypes were determined as described previously

(16, 21, 28). Genotypic status for the HpaI apoC-I promoter poly-
morphism was determined as described by a two-step nested PCR
followed by restriction digestion with HpaI and electrophoresis on
1.5% agarose (ultraPure Agarose, Life Technologies, Gaithersburg,
MD) (18).

Coronary angiography
Two readers, who were blinded to patient identity, clinical diag-

nosis, lipoprotein, and genotype results, recorded the localization

and extent of luminal narrowing for 15 segments of the major
coronary arteries. Presence of CAD was defined as the presence of
at least 50% stenosis in any 1 of 15 coronary artery segments. Of
the patients without CAD, the majority (80.5%) had less than 25%
stenosis, and of the patients with CAD, 81% had greater than 75%
stenosis. A composite cardiovascular score (0–75) was calculated
based on determination of presence of stenosis on a scale of 0–5
of 15 predetermined coronary artery segments.

Statistics
Analysis of data was done with SPSS statistical analysis software

(SPSS Inc., Chicago, IL). Results were expressed as means 6 SD.
Triglyceride and insulin levels and cardiovascular composite
score were logarithmically transformed to achieve normal distri-
butions. Proportions were compared between groups using x2

analysis, and Fisher exact test where appropriate. Group means
for clinical parameters were compared using one-way ANOVA
and post hoc analyses were performed by the Tukey-HSD test.
Means for CAD groups were compared using Studentʼs t-test.
Multiple logistic regression analysis was applied to predict the
variables that independently and significantly contributed to
the dependent variable: the presence of cardiovascular disease.
All analyses were two-tailed, and P-values less than 0.05 were con-
sidered statistically significant.

RESULTS

Effect of apoC-I polymorphism on clinical parameters
The effect of apoC-I allele status on lipoprotein, apolipo-

protein, and glucose, insulin and HOMA-IR measurements
is shown in Table 1. In Caucasians, no effect of apoC-I allele
status on any of the clinical parameters was evident. On the
other hand, statistically significant effects of the apoC-I poly-
morphism on clinical parameters were noted in African
Americans, with a gradual decrease in total cholesterol
levels with increasing number of apoC-I H2 alleles (209 6
47, 190 6 41, and 172 6 39 mg/dl for H1/H1, H1/H2 and
H2/H2, respectively; P , 0.001). As seen in the table, essen-
tially the same pattern was found for LDL cholesterol and
apoB levels. There was no difference in HDL cholesterol or
apoA-I levels across apoC-I genotype. Glucose, insulin, and
HOMA-IR levels were significantly higher among African-
American apoC-I H2 homozygotes comparedwithH1homo-
zygotes or H1/H1 heterozygotes.

Clinical parameters by CAD across ApoC-I genotype
We next evaluated the impact of apoC-I genotype on the

same clinical parameters in patients with two different clin-
ical phenotypes, presence or absence of CAD (Table 2). In
doing so, we were able to undertake two different compar-
isons. First, a comparison across apoC-I genotypes provided
information for a given phenotype (presence or absence of
CAD). Second, a comparison within a given genotype (H1
homozygotes or H2-carriers) allowed a comparison across
phenotypes (e.g., presence or absence of CAD).

In the first comparison (i.e., apoC-I genotypes in pa-
tients with or without CAD), African-American H2-carriers
without CAD had significantly lower total cholesterol (P ,
0.001), LDL cholesterol (P , 0.001), and apoB (P ,
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0.001) levels compared with H1 homozygotes. However,
no significant difference were seen across apoC-I geno-
types for African Americans with CAD. There was no signifi-
cant difference between Caucasian apoC-I H1 homozygotes
and H2-carriers without CAD, whereas triglyceride levels
were higher in Caucasian H2-carriers with CAD (P , 0.05).

In the second comparison, we found significant differ-
ences for a number of parameters for a given apoC-I geno-
type (H1 homozygotes or H2-carriers) across CAD status
among African Americans. As seen in Table 2 and high-
lighted for lipid components in Fig. 1, African-American
apoC-I H1 homozygotes with CAD had significantly higher
triglyceride (P , 0.05), glucose (P , 0.05), and HOMA-IR
(P , 0.05) levels compared with patients with the same
genotype without CAD. In contrast, African-American

apoC-I H2-carriers with CAD had significantly higher total
cholesterol (P 5 0.001), LDL cholesterol (P , 0.05) and
apoB (P 5 0.001) levels compared with patients with the
same genotype without CAD. These results suggest that
parameters associated with the metabolic syndrome (triglyc-
eride, insulin, and glucose) differed across CAD status for
H1 homozygotes, whereas H2-carriers with CAD had a more
pronounced pro-atherogenic lipid pattern (higher levels of
total and LDL cholesterol, triglycerides, and apoB) com-
pared with the same genotype without CAD. For Caucasians,
the pattern was different. Caucasian apoC-I H1 homozy-
gotes with CAD had a pro-atherogenic lipid phenotype (i.e.,
higher LDL cholesterol, triglyceride, and apoB levels, and
lower HDL cholesterol levels) compared with subjects carry-
ing the same genotype without CAD. The only significant

TABLE 1. Clinical characteristics by apoC-I genotype across ethnicity

African Americans Caucasians

Characteristics H1/H1 (n 5 103) H1/H2 (n 5 88) H2/H2 (n 5 20) P H1/H1 (n 5 191) H1/H2 (n 5 101) H2/H2 (n 5 14) P

Total cholesterol (mg/dl) 209 6 47 190 6 41a 172 6 39a ,0.001 193 6 39 200 6 40 191 6 53 NS
LDL cholesterol (mg/dl) 136 6 41 117 6 40a 101 6 41a ,0.001 120 6 32 122 6 36 116 6 43 NS
HDL cholesterol (mg/dl) 49 6 17 50 6 19 47 6 16 NS 40 6 12 41 6 12 39 6 14 NS
Triglyceride (mg/dl) 117 6 47 116 6 55 122 6 72 NS 170 6 90 196 6 117 174 6 74 NS
ApoA-I (mg/dl) 132 6 31 129 6 29 126 6 27 NS 121 6 22 124 6 24 113 6 20 NS
ApoB (mg/dl) 143 6 42 126 6 37a 113 6 40a 0.001 133 6 32 138 6 40 130 6 41 NS
Glucose (mg/dl) 122 6 56 113 6 42 146 6 81b 0.048 128 6 61 138 6 69 105 6 23 NS
Insulin (mU/ml) 22 6 27 18 6 20 30 6 26b 0.035 26 6 35 30 6 48 20 6 17 NS
HOMA-IR 2.6 6 2.4 2.4 6 2.5 4.2 6 3.3a,b 0.011 3.5 6 4.3 3.5 6 4.8 2.6 6 2.1 NS

Data are means 6 SD. Apo, apolipoprotein; HOMA-IR, homeostasis model assessment–insulin resistance; NS, not significant. P values were
calculated using one-way ANOVA and post hoc analyses were performed with the Tukey-HSD test for two independent samples. Values for triglycer-
ides, insulin and HOMA-IR were logarithmically transformed before analyses. Nontransformed values are shown in the table.

a P , 0.05 compared with H1 homozygote subjects.
b P , 0.05 compared with H1/H2 heterozygote subjects.

TABLE 2. Clinical characteristics by CAD across ApoC-I genotype in Caucasians and African Americans

Without CAD With CAD

H1/H1 H1/H2, H2/H2 P H1/H1 H1/H2, H2/H2 P

African Americans n 5 59 n 5 55 n 5 41 n 5 50
Total cholesterol (mg/dl) 206 6 41 173 6 38 ,0.001 215 6 56 200 6 40b NS
LDL cholesterol (mg/dl) 134 6 35 102 6 37 ,0.001 141 6 49 126 6 39b NS
HDL cholesterol (mg/dl) 50 6 16 51 6 19 NS 48 6 17 48 6 17 NS
Triglyceride (mg/dl) 109 6 44 101 6 39 NS 128 6 51a 130 6 69b NS
ApoA-I (mg/dl) 136 6 32 131 6 30 NS 127 6 27 125 6 27 NS
ApoB (mg/dl) 138 6 37 112 6 34 ,0.001 152 6 48 134 6 36b NS
Glucose (mg/dl) 112 6 36 111 6 43 NS 136 6 75a 124 6 47 NS
Insulin (mU/ml) 20 6 31 18 6 18 NS 25 6 23 24 6 26 NS
HOMA-IR 2.1 6 1.5 2.4 6 2.3 NS 3.4 6 3.2a 3.1 6 3.1 NS

Caucasians n 5 76 n 5 52 n 5 110 n 5 60
Total cholesterol (mg/dl) 187 6 39 195 6 41 NS 198 6 40 203 6 41 NS
LDL cholesterol (mg/dl) 114 6 29 120 6 34 NS 126 6 35a 125 6 39 NS
HDL cholesterol (mg/dl) 42 6 14 43 6 12 NS 39 6 11a 40 6 12 NS
Triglyceride (mg/dl) 157 6 93 168 6 90 NS 179 6 88a 218 6 127b 0.038
ApoA-I (mg/dl) 124 6 24 125 6 22 NS 119 6 20 122 6 26 NS
ApoB (mg/dl) 124 6 29 136 6 46 NS 141 6 34a 139 6 35 NS
Glucose (mg/dl) 118 6 64 130 6 58 NS 134 6 59 137 6 74 NS
Insulin (mU/ml) 22 6 27 34 6 60 NS 29 6 40 22 6 19 NS
HOMA-IR 2.9 6 3.5 3.2 6 5.1 NS 3.8 6 4.7 3.3 6 3.7 NS

Apo, apolipoprotein; CAD, coronary artery disease; HOMA-IR, homeostasis model assessment–insulin resis-
tance. Data are means 6 SD. P values calculated using Studentʼs t-test. Values for triglycerides, insulin and
HOMA-IR were logarithmically transformed before analyses. Nontransformed values are shown.

a P , 0.05 compared with H1/H1 across CAD status.
b P , 0.05 compared with H1/H2, H2/H2 across CAD status.
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difference amongapoC-IH2-carriers was a higher triglyceride
level for subjects with CAD.

Prevalence of apoC-I and apoE genotype
In our previous study in a different population, we ob-

served linkage disequilibrium between apoE and apoC-I
genotypes (18). In the present study, the prevalence of

apoC-I genotype differed between Caucasians and African
Americans. Caucasians had higher H1 and lower H2 allele
frequency and, consequently, a higher frequency of H1/
H1 and H1/H2 genotypes (P 5 0.002 and P 5 0.038,
respectively), while African Americans had significantly
higher prevalence of H2/H2 (P 5 0.041). An association
of apoC-I allele status with apoE allele status was observed
for both ethnic groups. Apo y3 homozygotes (genotype
E3/E3), the major genotype group in both ethnicities,
was strongly associated with apoC-I H1/H1 in Caucasians,
while the association was less pronounced among African
Americans (P , 0.001) (Table 3). Thus, only 6 of the 193
(3%) Caucasian apo y3 homozygosity carried the apoC-I
H2-allele, whereas 18 of 77 (23%) African-American apo
y3 homozygotes were apoC-I H2-carriers, all being H1/H2
heterozygotes. Conversely, only 2 of the 69 (3%) Cauca-
sian apo y4-carriers (apo E3/E4 and E4/E4) were apoC-I
H1 homozygotes, while the corresponding number for
African Americans was substantially higher [40 of 87 apo
y4-carriers (46%)].

Clinical parameters by CAD across ApoC-I genotype in
African-American apo e4-carriers

As the apoC-I genotype showed a less pronounced pat-
tern of linkage disequilibrium with apoE genotypes in Afri-
can Americans, we next compared the relation between

Fig. 1. Distribution of LDL cholesterol (A), HDL cholesterol (B), triglyceride (C) and apolipoprotein B
(D) levels by CAD and apoC-I genotype in Caucasians and African Americans. * 5 P , 0.05.

TABLE 3. ApoC-I genotype by apoE genotype

ApoC-I genotype

ApoE genotype Ethnicity H1/H1 H1/H2 H2/H2

E2/E2 African Americans 0 1 (50%) 1 (50%)
Caucasians 0 0 3 (100%)

E2/E4 African Americans 2 (13%) 8 (53%) 5 (34%)
Caucasians 1 (14%) 2 (29%) 4 (57%)

E2/E3 African Americans 2 (7%) 23 (77%) 5 (16%)
Caucasians 1 (3%) 33 (97%) 0

E3/E3 African Americans 59 (77%) 18 (23%) 0
Caucasians 187 (97%) 5 (3%) 1 (0%)

E3/E4 African Americans 35 (46%) 32 (42%) 9 (12%)
Caucasians 2 (3%) 61 (97%) 0

E4/E4 African Americans 5 (45%) 6 (55%) 0
Caucasians 0 0 6 (100%)

Total African Americans 103 (49%) 88 (42%) 20 (9%)
Caucasians 191 (62%) 101 (33%) 14 (5%)

Apo, apolipoprotein. Values represent number of subjects; values
in parentheses are percentages of each group.
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apoC-I genotypes and clinical parameters across CAD in
African-American apo y4-carriers (Table 4). As for the
entire group, African-American y4-carriers without CAD
had higher total and LDL cholesterol and apoB levels
among apoC-I H1 homozygotes, while no significant differ-
ences were seen across apoC-I genotypes for subjects with
CAD. When comparing intra-genotype differences across
CAD phenotype, glucose and HOMA-IR was higher among
apoC-I H1 homozygotes with CAD compared with subjects
without CAD. In contrast, apoC-I H2-carriers with CAD
had higher total and LDL cholesterol levels compared with
the same genotypes without CAD (Table 4).

Multiple logistic regression
We performed multiple logistic regression analyses to

identify the variables that independently and significantly
contributed to the presence of cardiovascular disease. When
only apoE and apoC-I genotypes were considered, carrying
apo y2 was significantly associated with protection for CAD
(odds ratio [OR] 5 0.37, P 5 0.043) in African Americans.
After adjusting for LDL cholesterol, the association between
apo y2 and CAD was no longer significant (P5 0.147). How-
ever, inclusion of LDL cholesterol in the model uncovered a
protective effect of the apoC-I H2 allele for CAD (OR5 0.45,
P 5 0.025) in African Americans but not in Caucasians.
After further adjustment for other established risk factors,
such as age, gender, smoking, BMI, HDL cholesterol and
triglyceride, the association of apoC-I and apoE genotypes
with CAD were no longer significant in either ethnic group.

DISCUSSION

We have previously reported on a protective effect of
the apo y2 allele on CAD in African Americans (16). In
this study, we addressed a combined effect of two closely
located genes (i.e., apoE and apoC-I) on lipoprotein pat-
tern and presence of CAD. The main novel finding of our
study was that the relationship of apoC-I and apoE geno-
type polymorphisms with plasma lipoproteins and cardio-

vascular disease phenotype differed between African
Americans and Caucasians. African-American apoC-I H1
homozygotes with CAD had a clinical pattern similar to
the metabolic syndrome (i.e., higher triglyceride, glucose,
and insulin), whereas apo C-I H2-carriers with CAD had a
more pronounced pro-atherogenic lipid pattern (i.e.,
higher LDL cholesterol, triglyceride, and apoB levels) in
both cases compared with subjects with corresponding
genotypes without CAD. These patterns were not seen
among Caucasians. Further, we observed an ethnically dis-
tinct pattern of linkage disequilibrium between the apoC-I
and apoE genes. Among Caucasians, apo y3 homozygosity
was strongly associated with apoC-I H1 homozygosity, while
the association was less pronounced in African Americans.

In our previous studies, we have demonstrated a strong
degree of linkage disequilibrium between and the apoE
the apoC-I loci in Caucasians. The lesser degree of linkage
disequilibrium present in African Americans prompted
us to evaluate the effect of apoC-I genotypes in African-
American and Caucasians patients with two different phe-
notypes, presence or absence of CAD. Our study design
allowed us to assess two different types of comparisons in
each of the ethnic groups: (a) a comparison across apoC-I
genotypes provided information for a given phenotype
(presence or absence of CAD); and (b) a comparison within
a given genotype (H1 homozygotes or H2-carriers) allowed
a direct comparison between two different phenotypes
(presence or absence of CAD). Regarding the first compar-
ison across apoC-I genotype, the H2 allele was associated
with a protective anti-atherogenic pattern in subjects with-
out CAD in African Americans but not in Caucasians. For
the second comparison, we observed differences in the rela-
tionship between apoC-I genotypes and CAD phenotype
both within and between the ethnic groups. While African-
American H1 homozygotes with CAD had higher levels of
parameters associated with the metabolic syndrome, H2
carriers with CAD had a more pronounced pro-atherogenic
lipid pattern, each genotype compared with subjects carry-
ing corresponding genotypes without CAD. Interestingly, a
different pattern for H1 homozygotes was seen among

TABLE 4. Clinical characteristics of African Americans across ApoE and ApoC-I genotypes

Without CAD With CAD

African Americans apo y4
H1/H1
(n 5 23)

H1/H2, H2/H2
(n 5 24) P

H1/H1
(n 5 17)

H1/H2, H2/H2
(n 5 23) P

Total cholesterol (mg/dl) 211 6 39 180 6 37 0.008 234 6 65 209 6 48b NS
LDL-C (mg/dl) 141 6 36 111 6 35 0.006 158 6 55 137 6 48b NS
HDL-C (mg/dl) 48 6 10 49 6 19 NS 49 6 14 47 6 18 NS
TG (mg/dl) 109 6 43 100 6 39 NS 134 6 42 127 6 69 NS
ApoA-I (mg/dl) 130 6 23 123 6 24 NS 132 6 24 120 6 28 NS
ApoB (mg/dl) 148 6 39 122 6 33 0.019 168 6 52 144 6 42 NS
Glucose (mg/dl) 112 6 20 119 6 54 NS 159 6 96a 121 6 47 NS
Insulin (mU/ml) 26 6 47 20 6 24 NS 31 6 27 19 6 18 NS
HOMA-IR 2.2 6 1.4 2.7 6 3.2 NS 3.9 6 3.5a 2.5 6 2.2 NS

Apo, apolipoprotein; CAD, coronary artery disease; HOMA-IR, homeostasis model assessment–insulin resis-
tance. Data are means 6 SD. P values were calculated using Studentʼs t-test. Values for triglycerides, insulin and
HOMA-IR were logarithmically transformed before analyses. Nontransformed values are shown.

a P , 0.05 compared with H1/H1 across CAD status.
b P , 0.05 compared with H1/H2, H2/H2 across CAD status.
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Caucasians, with higher levels of parameters associated
with metabolic syndrome in the CAD group.

To the best of our knowledge, there are no studies simul-
taneously addressing the effect of apoC-I and apoE gene
polymorphisms on CAD across African American and
Caucasian ethnicity. Previous studies have shown that
apoC-I decreases apoE-mediated binding of lipoproteins
to VLDL and LDL receptors (4, 29, 30). These mechanisms
may contribute to the well-known inhibitory effect of
apoC-I on clearance of TG-rich lipoproteins (1–4). While
the high degree of linkage disequilibrium between the
apoE and apoC-I genes loci in Caucasians suggests that
effects of apoC-I polymorphisms independent of apoE
gene variation might be difficult to establish, studies
among African Americans with a lesser degree of linkage
disequilibrium are more informative. Indeed, our find-
ings among African Americans suggest that the apoC-I
H2 allele might convey cardioprotective effects, as levels
of total and LDL cholesterol and apoB were lower among
H2 carriers in the absence of CAD. Whether this is due
to any direct effect of the apoC-I H2 allele on lipoprotein
interactions with the LDL receptor remains to be shown.
Interestingly, we found that taking LDL cholesterol levels
into account uncovered a cardioprotective effect of the
apoC-I H2 allele. This was only seen among African
Americans. However, this potential advantage among
H2-carriers might be lost in the presence of CAD. While
many factors are likely to contribute to these results, one
can speculate that mechanisms beyond apoC-I genetic
variability resulting in an increase in apoB-containing lipo-
proteins contribute to the CAD phenotype. Gautier et al.,
recently reported that apoC-I inhibited cholesteryl ester
transfer protein (CETP) activity and that immunodepletion
of apoC-I produced a substantial increase in cholesteryl
ester transfer rates (31). Furthermore, earlier studies have
demonstrated that apoC-I enhanced lecithin cholesterol
acyltransferase (LCAT) activity (32, 33). However, any effect
of genetic variation of apoC-I on these effects has not been
studied. It might also be speculated that the location of
hpa polymorphism in the promoter of apoC-I gene might
result in the altered expression levels and, therefore, effect
on lipoprotein parameters. We have previously demon-
strated in vitro gene-expression studies that H2 sequence
may decrease the binding of a negatively acting transcrip-
tion factor, leading to overexpression of apoC-I (18). This
may produce a functional effect on lipoprotein levels, but
confirmation is needed in other populations. Taken together
with our findings, an effect of apoC-I on lipoprotein rem-
nant clearance may potentially contribute to the observed
increase in apoB-containing lipoproteins among African-
American H2-carriers with CAD.

In our study, the impact of the apoC-I H2 allele on
atherogenic lipoproteins differed in subjects with and
without CAD. As the apoC-I genotype showed a less pro-
nounced pattern of linkage disequilibrium with the apoE
gene in African Americans, we were able to further analyze
the independent effect of apoC-I polymorphism separately
for apoE genotypes in this ethnic group. We observed sig-
nificant differences of the apoC-I H2-allele on plasma lipo-

protein levels in apo y4 carriers across CAD phenotype,
and the results were similar to findings observed for the
entire group. Interestingly, the H2-allele showed a protec-
tive anti-atherogenic effect (e.g., lower total and LDL
cholesterol and apoB levels) compared with H1 homozy-
gotes in subjects without CAD. No difference was seen
among subjects with CAD. When comparing differences
between genotypes among African Americans, y4/H2
carriers with CAD had a pronounced pro-atherogenic
lipid pattern, while a pattern more typical of insulin
resistance was seen for H1 homozygotes with CAD, com-
pared with subjects carrying the same genotype without
CAD. In the y4 group, the apoC-I H2 allele had a protec-
tive effect on atherogenic lipoproteins in the absence of
CAD. This protective effect decreased and was no longer
significant in the presence of CAD. This difference was
limited to African-American apo y4 carriers and was not
seen among African-American apo y3 homozygotes. Nota-
bly, the apo y4-allele frequency is considerably higher
among African Americans than Caucasians (16). Taken
together, our results suggest the presence of genotype-
phenotype relationships for the apoC-I and apoE genes with
respect to CAD, suggestive of more adverse constellations
of risk factors for some genotypes in African Americans.
Moreover, the results suggest that the impact of genetic
variability of these genes might be modulated by disease
phenotype. Ours is one of the first studies to report rela-
tionships between genetic variability of the apo C-I gene
and phenotypes associated with increased cardiovascular
disease or risk in a specific ethnic group. For African Amer-
icans, we report on effects of apo C-I genetic variability
when taking apoE allelic variation into account, suggesting
an effect of the apo C-I gene on cardiovascular risk beyond
the apoE gene. Further studies are needed to extend these
findings to other populations.

The present study has several limitations. Subjects in our
study were recruited from patients scheduled for coronary
angiography, and for some genotypes, the number was
relatively small. As the apo y4 genotype has been associ-
ated with CAD, a potential source of error might be a dif-
fering distribution of apoE genotypes among our subjects
compared with the population at large. Arguing against
this possibility, the apoE allele frequency pattern was sim-
ilar to that previously described for African-American and
Caucasian populations (10, 11). Given the relatively small
sample size, we did not do statistical analyses separately for
men and women.

In summary, the apoC-I polymorphism had an ethnically
distinct pattern of allele frequency, linkage disequilibrium,
and effect on lipoprotein phenotype. In African Ameri-
cans, but not in Caucasians, apoC-I genotypes were associ-
ated with variation in lipoprotein phenotypes, and in
particular, the apoC-I H2-allele was associated with an
anti-atherogenic pattern.

E. Anuurad was the recipient of an American Heart Association
postdoctoral fellowship (0725125Y), and M. Yamasaki was sup-
ported by funds from the Ministry of Education, Culture,
Sports, Science and Technology, Japan.
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