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Metabolic profile and ApoE4 genotype have effects on coronary heart disease. We exam-
ined the interaction between these factors on subclinical atherosclerosis in postmeno-
pausal women from the Early versus Late Intervention Trial with Estradiol (n = 497).
Based on nine metabolic biomarkers (fasting blood glucose, insulin sensitivity, ketones,
triglycerides, high-density lipoprotein, low-density lipoprotein, hemoglobin A1c, and
blood pressure), K-means clustering categorized women into three distinct phenotypes:
healthy, high blood pressure, and poor metabolic. ApoE4 genotype was classified as
either ApoE4+ or ApoE4�. General linear models tested whether the cross-sectional
association between metabolic phenotypes and common carotid intima media thickness
(CIMT) differed by ApoE4 genotype. Mixed effects linear models evaluated the modify-
ing role of ApoE4 genotype on the association of metabolic phenotype with CIMT pro-
gression over a median follow-up of 4.8 years. In cross-sectional analysis, ApoE4+
women with poor metabolic phenotype had the highest CIMT compared with all other
groups. In ApoE4� women, CIMT was significantly lower in those classified as healthy
compared with high blood pressure phenotype (p = 0.004). In ApoE4+ women, CIMT
was significantly higher in those with poor metabolic phenotype compared with healthy
(p = 0.0003) and high blood pressure (p = 0.001) phenotypes. These results indicate that
metabolic phenotype had a negative effect on CIMT in women with ApoE4+ but not
ApoE4� (interaction p = 0.001). These effects were not observed on CIMT progression
in longitudinal analysis. In conclusion, ApoE4+ women are more likely to have higher
levels of subclinical atherosclerosis if their metabolic phenotype is poor compared with
ApoE4+ women without poor metabolic profile and ApoE4� women. © 2019 Elsevier
Inc. All rights reserved. (Am J Cardiol 2019;124:1031−1037)
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Metabolic syndrome, characterized by high blood pres-
sure, hyperglycemia, elevated triglycerides, decreased high-
density lipoprotein cholesterol (HDL-C), and abdominal
obesity,1 is one example of a metabolic phenotype, a cluster
of multiple risk factors for cardiovascular disease (CVD).
Individuals with metabolic syndrome have a 2.02-fold
(95% confidence interval, 1.42 to 2.89) greater risk of
CVD-related mortality,2 and higher levels of subclinical
atherosclerosis measured as carotid artery intima media
thickness (CIMT).3 Apolipoprotein E (ApoE) is a key pro-
tein in lipoprotein metabolism. Homozygous or heterozy-
gous carriers of the ApoE4 allele are at increased risk of
coronary heart disease (CHD) and demonstrate higher lev-
els of subclinical atherosclerosis.4−7 Although metabolic
phenotype and ApoE4 genotype have been independently
linked with subclinical atherosclerosis, their joint effect on
atherosclerosis is largely unknown. We previously reported
a significant interaction between ApoE4 genotype and met-
abolic phenotype on cognition.8 In this study, we tested the
hypothesis that the association of metabolic phenotype with
subclinical atherosclerosis is modified by ApoE4 genotype.
Methods

This was a post hoc analysis in postmenopausal women
participating in the Early versus Late Intervention Trial with
Estradiol (ELITE). Details of ELITE methods and primary
results have been published.9,10 Briefly, ELITE was a single-
center, randomized, double-blinded, placebo-controlled trial
of hormone therapy (HT) in postmenopausal women, strati-
fied within 6 years of menopause (early postmenopause) and

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2019.06.022&domain=pdf
ctgov:NCT00114517
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10 years or more after menopause (late postmenopause).
ELITE was specifically designed to test the HT timing
hypothesis, that is, whether the effects of HT vary accord-
ing to the timing of HT initiation in relation to menopause.
Eligible participants were postmenopausal women with no
clinical history of CVD or diabetes. A total of 643 postmen-
opausal women were randomized to receive either HT or
placebo according to time since menopause using a 1:1 ratio
of stratified blocked randomization. The HT regimen was
oral micronized 17-beta-estradiol 1 mg/day with (in women
with uterus) or without 4% vaginal micronized progester-
one gel 45 mg/day for 10 days each month. After randomi-
zation, women attended study clinic visits every month for
the first 6 months and every other month thereafter until
trial completion. ELITE was conducted from July 2005 to
February 2013 with a median duration of follow-up of 4.8
(range 0.5 to 6.7) years. The primary results of ELITE
showed that HT reduced progression of subclinical athero-
sclerosis (measured as rate of change in CIMT) compared
with placebo when therapy was initiated in early, but not in
late postmenopausal women.10 The ELITE trial was regis-
tered on ClinicalTrials.gov (NCT00114517), funded by the
National Institute on Aging, National Institutes of Health
(R01AG-024154) and was approved by the Institutional
Review Board of the University of Southern California.

At baseline and at every 6-month follow-up visit, blood
pressure was recorded and fasting blood was drawn. Fasting
glucose, insulin, ketones, total cholesterol, triglycerides,
HDL-cholesterol, low-density lipoprotein cholesterol (LDL-
C), and hemoglobin A1c (HbA1c) levels were measured as
previously described.11,12 The homeostatic model assessment
(HOMA), a measure of insulin resistance, was measured as
[glucose mmol/l x insulin]/22.5. ApoE genotype was deter-
mined with standard methodology13 as described in our pre-
vious studies.8 Briefly, 3 isoforms (E2, E3, and E4) of the
apolipoprotein E gene were determined according to 2 non-
synonymous single nucleotide polymorphisms (rs429358
and rs7412) encoding arginine for cysteine amino acid var-
iants at codon positions 112 and 158, respectively (TaqMan
Assay-on-Demand Genotyping Service; Applied Biosystems,
Foster City, California). ApoE4 genotype was defined as
being positive for 1 or 2 copies of the E4 allele (E2/E4, E3/
E4, E4/E4) and was otherwise defined as negative (E2/E2,
E2/E3, E3/E3).

The metabolic risk phenotypes within the ELITE popu-
lation were determined using 9 biomarkers: glucose, the
HOMA score, ketones, triglycerides, HDL-C, LDL-C,
HbA1c, and systolic and diastolic blood pressure.14 A K-
means clustering algorithm was used to identify 3 clusters;
healthy, high blood pressure and poor metabolic pheno-
types, that were descriptively identified based on their bio-
marker profile. Predefining the number of clusters as 3
(based on a previous factor analysis of the 9 biomarkers),
the K-means algorithm classified each participant observa-
tion into a specific cluster, based on the similarity (mea-
sured as Euclidean distance) of the participant’s biomarker
profile to the cluster mean (or centroid). The labeling of
each cluster was defined by the mean cluster biomarker pro-
file. Although the clustering was performed in the total
ELITE sample (n = 643), the cohort in this study was
restricted to women with ApoE genotype data (n = 497):
healthy (n = 208, 41.9%), high blood pressure (n = 190,
38.2%), and poor metabolic (n = 99, 19.9%). As previously
reported, the majority of the metabolic biomarker means
were within their respective normal ranges, consistent with
recruitment of a healthy population of postmenopausal
women in the study. Therefore, metabolic indicator means
in the poor metabolic phenotype were at the margins of
clinically healthy values.8 Our previous studies showed that
these metabolic phenotypes were significantly associated
with cognitive function14; this association was significantly
modified by ApoE4 genotype.8

CIMT of the far wall of the right distal common carotid
artery was assessed by computer image processing of B-mode
ultrasonograms that were obtained at baseline and at every
6-month follow-up visit. Serial CIMT imaging and measure-
ment methodology were specifically developed for longitudi-
nal assessment of change in atherosclerosis; the coefficient of
variation for baseline CIMT measurement was 0.69%.15,16

Baseline characteristics of the total cohort are reported
as mean (SD) for continuous variables and as frequency
(%) for categorical variables. Comparison of baseline char-
acteristics including CIMT in the 3 metabolic phenotypes
and in 6 groups defined by the combination of metabolic
phenotype and ApoE4 genotype were conducted with anal-
ysis of variance and chi-square tests, which were reported
elsewhere.8

A general linear model was used to test whether the
cross-sectional association between metabolic phenotypes
and baseline CIMT differed by ApoE4 genotype after
adjusting for age. The analysis was conducted in the total
cohort and stratified by time-since-menopause strata (early
and late postmenopause). The modifying effect of ApoE4
genotype on the association between metabolic phenotype
and baseline CIMT was tested by including a product term
of ApoE4 genotype*metabolic phenotype in the model.

Linear mixed effects models were used to evaluate
whether the longitudinal association between metabolic phe-
notypes and CIMT progression differed by ApoE4 genotype
over a median follow-up of 4.8 years controlling for age.
Random effects were specified for participant-specific inter-
cept (baseline CIMT) and slope (CIMT progression); time
since randomization (years) was included as a continuous
time variable in the model. A product term of phenotype-
by-time was used to estimate and test for differences in
CIMT progression in phenotypes. The analysis was con-
ducted in the total cohort and stratified by time-since-meno-
pause stratum (early and late postmenopause) and
randomized intervention stratum (HT and placebo). The
modifying effect of ApoE4 genotype on the association
between metabolic phenotype and CIMT progression was
tested by including a 3-level product term (ApoE4 genoty-
pe*metabolic phenotype*time) in the model.
Results

A total of 497 postmenopausal women from ELITE
with metabolic phenotype and ApoE genotype data con-
tributed to the current analysis. Women were on average
(SD) 59.3 (7.0) years old and were postmenopausal for an
average duration of 10.4 (7.8) years. Forty-three percent
of the women were stratified as early menopause, whereas
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57% were late menopause. Most women were non-His-
panic white. The ApoE allele frequency (%) was: E2/E2
n = 2 (0.40%); E2/E4 n = 6 (1.21%); E4/E4 n = 20
(4.02%); E2/E3 n = 53 (10.66%); E3/E4 n = 128 (25.75%);
and E3/E3 n = 288 (57.95%). Sixty-nine percent of women
were ApoE4� and 31% were ApoE4+ genotype (Table 1).

In the 3 metabolic phenotypes, the ApoE4 genotype dis-
tribution was comparable; race/ethnicity was significantly
different, with a larger proportion of Hispanic women in
the poor metabolic phenotype. The phenotype differences
in metabolic markers were similar between ApoE4+ and
ApoE4� women except for LDL-C and diastolic blood
pressure, which had significant interaction between meta-
bolic phenotype and ApoE4 genotype.8 ApoE4+ women
with poor metabolic phenotype had higher LDL-C and dia-
stolic blood pressure level.

At baseline, mean CIMT significantly differed in the met-
abolic phenotypes (p <0.0001). Women in the poor meta-
bolic phenotype had the highest mean CIMT, followed by
women in the high blood pressure and healthy phenotypes.
ApoE4+ women had significantly higher CIMT compared
with ApoE4� women (p <0.0001). These associations were
significant in both early and late postmenopausal women.
(Table 2)

In the total cohort, ApoE4+ carriers with poor metabolic
phenotype had the highest baseline CIMT. In ApoE4+
Table 1

Baseline characteristics by metabolic phenotype and ApoE4 genotype

Metaboli

Healthy

Characteristics ApoE4- ApoE4+

Sample size 147 61

Age (years) 59.7 (7.5) 58.7 (6.8)

Time since menopause (years) 10.4 (7.8) 8.6 (6.3)

Time-since-menopause stratum

Early <6 years) 64 (43.5%) 30 (49.2%) 5

Late (≥10 years) 83 (56.5%) 31 (50.8%) 7

Education (years) 16.2 (2.2) 16.7 (2.0%) 1

Race/Ethnicity

White, non-Hispanic 109 (74.1%) 48 (78.7%) 9

Black 8 (5.4%) 5 (8.2%) 1

Hispanic 11 (7.5%) 6 (9.8%) 1

Asian 19 (13.0%) 2 (3.3%) 1

Randomized intervention

Hormone therapy 76 (51.7%) 29 (47.5%) 6

Placebo 71 (48.3%) 32 (52.5%) 6

Biomarkers

Glucose (mg/dl) 80.8 (7.3) 80.3 (8.2%) 8

Insulin resistance (HOMA score) 1.0 (0.5) 0.9 (0.4)

Ketone (mM) 0.13 (0.07) 0.12 (0.05) 0

High density lipoprotein cholesterol (md/dl) 76.5 (18.4) 71.5 (16.1) 6

Low density lipoprotein cholesterol (md/dl)* 129.7 (29.8) 131.1 (29.4) 1

Triglycerides (mg/dl) 79.8 (27.3) 82.0 (26.5) 9

HbA1c (%) 5.6 (0.4) 5.6 (0.4)

Systolic Blood Pressure (mm Hg) 106.2 (8.9) 105.1 (9.0) 1

Diastolic blood pressure (mm Hg)* 68.2 (5.5) 67.4 (5.6)

Continuous variables presented as mean (standard variation), categorical variab

ApoE4 genotype was defined as positive for both heterozygous and homoz

negative.

* Significant interaction between metabolic phenotype and ApoE4 genotype (p <
carriers, CIMT was statistically significantly higher in the
poor metabolic phenotype compared with the other 2 phe-
notypes. In ApoE4� women, CIMT significantly differed
between the healthy and high blood pressure phenotypes.
Overall, adjusted for age, ApoE4 genotype significantly
modified the effect of metabolic phenotypes on CIMT (met-
abolic phenotype*ApoE4 genotype interaction p = 0.001).
ApoE4 carriers had an apparent negative association with
atherosclerosis from having poor metabolic phenotype,
whereas this negative association was not evident in ApoE4
noncarriers. The modifying effect of ApoE4 genotype was
equally evident in early and late postmenopausal women
(metabolic phenotype*ApoE4 genotype*time-since-meno-
pause interaction p = 0.59; Table 2, Figure 1).

In longitudinal analysis adjusting for age, the annual
mean CIMT progression rate was highest in ApoE4+ women
in the poor metabolic phenotype and high blood pressure
phenotype (Table 3). Neither metabolic phenotype (p = 0.83)
nor ApoE4 genotype (p = 0.14) were associated with CIMT
progression rate. The difference in CIMT progression rate
between ApoE4+ and ApoE4� carriers increased from
healthy, high blood pressure, and poor metabolic pheno-
types, respectively. However, ApoE4 genotype did not sig-
nificantly modify the effect of metabolic phenotype on
CIMT progression rate (metabolic phenotype*ApoE4 geno-
type interaction p = 0.79) in the total sample (Table 3).
c phenotype and ApoE4 genotype

High blood pressure Poor metabolic

ApoE4- ApoE4+ ApoE4- ApoE4+ Total

129 61 67 32 497

60.4 (6.9) 59.7 (6.6) 60.3 (6.1) 61.1 (7.4) 59.3 (7.0)

10.1 (7.5) 11.2 (8.2) 11.5 (9.0) 11.6 (7.8) 10.4 (7.8)

6 (43.4%) 25 (41.0%) 28 (41.8%) 11 (34.4%) 214 (43.1%)

3 (56.6%) 36 (59.0%) 39 (58.2%) 21 (65.6%) 283 (56.9%)

6.1 (2.1%) 16.4 (1.9%) 15.6 (2.4%) 15.9 (1.9%) 16.2 (2.2%)

2 (71.3%) 48 (78.7%) 40 (59.7%) 17 (53.1%) 354 (71.2%)

0 (7.8%) 7 (11.5%) 5 (7.5%) 4 (12.5%) 39 (7.9%)

5 (11.6%) 6 (9.8%) 16 (23.8%) 8 (25.0%) 62 (12.5%)

2 (9.3%) 0 (0%) 6 (9.0%) 3 (9.4%) 42 (8.45%)

2 (48.1%) 30 (49.2%) 33 (49.3%) 17 (53.1%) 250 (50.3%)

7 (51.9%) 31 (50.8%) 34 (50.7%) 15 (46.9%) 247 (49.7%)

0.0 (7.4%) 80.7 (7.6%) 92.1 (10.5%) 90.2 (1.0%) 94.9 (10.3%)

1.2 (0.5) 1.2 (0.5) 2.6 (1.2) 2.6 (1.0) 1.4 (0.9)

.10 (0.03) 0.10 (0.03) 0.10 (0.03) 0.11 (0.04) 0.1 (0.05)

6.6 (16.6) 62.7 (13.3) 52.5 (11.2) 51.5 (10.4) 66.8 (18.0)

35.7 (27.2) 139.2 (32.3) 136.0 (30.0) 161.0 (34.5) 135.4 (30.3)

7.1 (32.0) 98.2 (36.4) 167.1 (72.4) 164.2 (51.4) 105.2 (53.0)

5.5 (0.4) 5.5 (0.4) 5.8 (0.4) 5.7 (0.5) 5.6 (0.4)

25.7 (9.1) 124.3 (12.5) 120.7 (9.7) 122.8 (12.5) 117.5 (87.3)

80.8 (5.7) 80.9 (6.0) 75.3 (7.3) 78.4 (8.4) 74.8 (56.3)

le presented as frequency (percent).

ygous genotypes containing the E4 allele; and was otherwise defined as

0.05).
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The nonsignificant interaction between metabolic pheno-
type and ApoE4 genotype was consistent in early and late
postmenopausal women (metabolic phenotype*ApoE4 gen-
otype*time-since-menopause interaction p = 0.44) and
women who were randomized to HT and placebo (meta-
bolic phenotype*ApoE4 genotype*randomized intervention
interaction p = 0.22) (Table 3).

As previous reports linked ApoE2 genotype with
decreased subclinical atherosclerosis and risk of develop-
ing and dying from CHD,17−19 we explored the effect of
ApoE2 genotype (E2/E2, E2/E3, E2/E4) on subclinical
atherosclerosis. At baseline, we found a significant pro-
tective association of ApoE2+ on atherosclerosis (p
<0.0001). However, there was no significant interaction
between ApoE2 genotype and metabolic phenotype on
CIMT (p = 0.71). These results were consistent in the total
cohort and in sensitivity analyses in ApoE4� women
(Table 4, Figure 2).
Discussion

In a sample of 497 healthy postmenopausal women, met-
abolic phenotype and ApoE4 genotype showed a significant
interaction on subclinical atherosclerosis. Consistent with
previous reports, we identified an independent association
of ApoE4 genotype on level of subclinical atherosclero-
sis.18 A pooled analysis of 60,883 individuals from 16 pro-
spective cohort studies showed the highest CIMT and
stroke risk in ApoE4+ carriers compared with ApoE4�
genotype (p trend = 0.001).18

Women classified in the poor metabolic phenotype, where
mean values of the 9 biomarkers were close to the preclinical
stage of metabolic syndrome, had the highest CIMT com-
pared with women with healthy and high blood pressure phe-
notypes. These results are thus consistent with the increased
risk of atherosclerosis with metabolic syndrome.3

Perhaps the most striking finding of our analysis is that
the adverse influence of metabolic dysregulation on athero-
sclerosis was modified by ApoE4 genotype, such that the
negative metabolic impact was apparent only in ApoE4+
carriers. The effect of ApoE4 genotype on CHD appears to
differ by gender, hyperglycemia, smoking, alcohol con-
sumption, body size, and HT as ApoE4 increases the risk
associated with these factors.20−22 A significant interaction
between ApoE4 genotype and diabetes on atherosclerosis
was reported from the Framingham Heart Study and sug-
gested higher levels of atherosclerosis in individuals with
both ApoE4+ and metabolic syndrome.23,24 Another study
reported differential effects of ApoE4 genotype on lipopro-
tein particles between middle-aged healthy individuals with
and without dyslipidemia.25 The present study is consistent
with previous studies showing a significant positive modi-
fying effect of ApoE4 genotype on the association between
metabolic phenotype and subclinical atherosclerosis in
postmenopausal women.20−24

The modifying role of ApoE4 genotype on metabolic
phenotype and subclinical atherosclerosis may occur
through the effect of ApoE4 genotype on lipoprotein metab-
olism, as ApoE genotype mediates the binding of lipopro-
teins or lipid complexes to their receptors26 and affects
lipid levels especially LDL-C and HDL-C.18,27−29 Our
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Figure 1. Estimated mean CIMT (SE) by metabolic phenotype and ApoE4 genotype (total cohort).
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findings support the possibility that LDL-C level contrib-
utes to the effect of ApoE4 genotype on atherosclerosis as
ApoE4+ carriers with poor metabolic phenotype had signif-
icantly higher LDL-C levels than ApoE4� carriers with
poor metabolic phenotype (Table 1). The ApoE4 genotype
is also a major risk factor for Alzheimer’s disease,30 and we
have similarly shown the adverse impact of metabolic dys-
regulation on cognition, specifically in ApoE4+ women in
the same group of postmenopausal women from ELITE.8,14
Table 3

Estimated mean annual CIMT progression rate (SE) by metabolic phenotype and

intervention strata)

(1) Healthy (2) High blood pressure

Genotype Mean (SE) Mean (SE)

Total n = 208 n = 190

ApoE4-negative n = 343 7.19 (0.85) 7.45 (0.90)

ApoE4-positive n = 154 7.84 (1.31) 8.90 (1.31)

Early postmenopause n = 94 n = 81

ApoE4-negative n = 148 6.42 (1.33) 5.63 (1.43)

ApoE4-positive n = 66 4.33 (1.95) 6.37 (2.14)

Late postmenopause n = 114 n = 109

ApoE4-negative n = 195 7.79 (1.07) 8.85 (1.14)

ApoE4-positive n = 88 11.24 (1.74) 10.65 (1.62)

Hormone therapy n = 103 n = 98

ApoE4-negative n = 172 8.33 (1.31) 5.74 (1.35)

ApoE4-positive n = 78 6.89 (1.95) 8.55 (1.98)

Placebo n = 105 n = 92

ApoE4-negative n = 171 6.13 (1.08) 9.30 (1.19)

ApoE4-positive n = 76 8.90 (1.74) 9.27 (1.71)

CIMT progression rate reported as mm per year; Model adjusted for age;

p value = 0.44; metabolic phenotype*ApoE4 genotype*randomized intervention in

ApoE4 genotype was defined as positive for both heterozygous and homozygou
We did not find a modifying effect of ApoE4 genotype
in the longitudinal association between metabolic pheno-
type and atherosclerosis progression. This could be due to
limited power of longitudinal analysis. The effects of met-
abolic phenotype, ApoE4 genotype and their interaction
may also have been more apparent in cross-sectional ver-
sus longitudinal analysis as the baseline cross-sectional
analysis reflects long-term exposure and cumulative
effects of those risk factors on atherosclerosis. Due to
ApoE4 genotype (total cohort, by time-since-menopause strata, randomized

(3) Poor metabolic Longitudinal

ApoE4 Metabolic phenotype Interaction

Mean (SE) p value p value p value

n = 99

6.77 (1.25) 0.14 0.83 0.79

9.24 (1.82)

N = 39

4.16 (2.02) 0.81 0.93 0.52

6.76 (3.23)

N = 60

8.64 (1.55) 0.06 0.99 0.82

10.54 (2.12)

N = 49

6.84 (1.89) 0.27 0.73 0.31

10.76 (2.86)

n = 50

6.69 (1.63) 0.33 0.38 0.63

7.90 (2.28)

metabolic phenotype*ApoE4 genotype*time-since-menopause interaction

teraction p value = 0.22; CIMT = carotid artery intima media thickness.

s genotypes containing the E4 allele, otherwise, it was defined as negative.



Figure 2. Estimated mean CIMT (SE) by metabolic phenotype and ApoE2 genotype (total cohort).

Table 4

Estimated mean baseline CIMT (SE) by metabolic phenotype and ApoE2 genotype

Genotype (1) Healthy (2) High blood pressure (3) Poor metabolic ApoE2 Metabolic phenotype Interaction

Mean (SE) Mean (SE) Mean (SE) p value p value p value

Total n = 208 n = 190 n = 99

ApoE2-negative n = 436 759.90 (7.30) 783.20 (7.80) 796.10 (10.60) <0.0001 <0.0001 0.71

ApoE2-positive n = 61 714.80 (21.10) 757.60 (18.70) 743.30 (29.90)

ApoE4 negative women n = 147 n = 129 n = 67

ApoE2-negative n = 288 762.00 (8.80) 796.00 (9.60) 775.50 (13.10) <0.0001 <0.0001 0.92

ApoE2-positive n = 55 717.50 (21.50) 763.60 (20.50) 743.20 (29.70)

CIMT reported as mm; Model adjusted for age; metabolic phenotype*ApoE2 genotype*time-since-menopause interaction p value = 0.43; metabolic phe-

notype*ApoE2 genotype*ApoE4 genotype interaction p value = 0.62; ApoE2 genotype*ApoE4 genotype interaction p value = 0.67; CIMT = carotid artery

intima media thickness.

ApoE4 genotype was defined as positive for both heterozygous and homozygous genotypes containing the E4 allele; and was otherwise defined as

negative.
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limited follow-up time in this analysis, it may have been
difficult to detect an interaction effect on atherosclerosis
progression.

The strength of this study is the randomized prospective
design of ELITE, which allowed us to explore both the
cross-sectional and longitudinal associations on subclinical
atherosclerosis. It is important to note that the cohort in this
study was healthy and therefore, the metabolic biomarker
levels for the most part were within the normal range.
Women in this analysis were categorized into 3 distinct meta-
bolic phenotypes based on 9 metabolic biomarkers identified
as healthy, high blood pressure, and poor metabolic using an
unsupervised statistical clustering approach. Women with
poor metabolic phenotype in the present study who had ele-
vated LDL-C, triglycerides, glucose, HbA1C, HOMA score,
and lower HDL-C had higher levels of subclinical atheroscle-
rosis. Limitations of this study include generalizability, as
most women in the present study were non-Hispanic white
and there was limited power to adequately evaluate the longi-
tudinal effect of metabolic phenotype and ApoE4 genotype
on subclinical atherosclerosis progression.

In conclusion, our study showed that the ApoE4 geno-
type significantly modified the association of metabolic
dysregulation on the severity, but not rate of subclinical ath-
erosclerosis progression in postmenopausal women. The
highest level of subclinical atherosclerosis was found in
ApoE4+ carriers with poor metabolic phenotype. These
findings have significant clinical and public health implica-
tions as preventive intervention strategies targeted to these
high-risk postmenopausal women can potentially reduce
the burden of CVD, the leading cause of death in women
globally.
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