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Abstract

Objective: We hypothesized the association of metabolic profile on cognition in postmenopausal
women will be greater among ApoE4 carriers compared to non-carriers.

Methods: Metabolic biomarkers and measures of global cognition, executive functions, and
verbal memory, collected among postmenopausal females, were used in this analysis. Clustering
analyses of metabolic biomarkers revealed three phenotypes: healthy, predominantly hypertensive,
and poor metabolic with (borderline normal lab values). General linear models tested whether an
association of metabolic cluster with cognition differed by ApoE4 genotype.

Results: In the total sample of 497 women, verbal memory was lower in the poor metabolic
cluster (p=0.04). Among ApoE4+ women, performance in all cognitive domains was lowest in the
poor metabolic cluster. Differences in executive functions among metabolic clusters were detected
only in ApoE4+ women (p-value for interaction=0.003).
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Conclusions: In a general population of postmenopausal women, association between poor
metabolic profile with reduction in cognitive performance is more apparent in women who carry
an ApoE4 allele. These data indicate a window of opportunity for interventions to reverse the
trajectory of the preclinical phase of Alzheimer’s disease.
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INTRODUCTION

Postmenopausal women constitute over 60% of the affected AD population and carry the
greatest burden of the diseasel-2. While 11% of persons over the age of 65 are projected to
develop AD, a challenge is to identify persons at greatest risk for AD when mitigation of
risk to prevent AD is possible.

Metabolic and vascular factors have been consistently linked with cognitive decline and AD
in both women and men3. Experimental and clinical research indicates that during the
endocrine transition of perimenopause, the female brain undergoes a decline in glucose
metabolism in brain leading to a bioenergetic crisis and activation of compensatory
starvation pathways*®. Emergence of decline in brain glucose metabolism and cognitive
deficits can be early indicators of later life risk of AD4~8.

As an initial strategy to address the challenge of identifying persons at risk for AD, our
previous work identified three metabolically distinct groups of postmenopausal women
within a healthy cohort (specifically excluding individuals with cardiovascular disease or
diabetes)®. Using a set of nine clinical metabolic biomarkers, we identified three
metabolically distinct groups of postmenopausal women: metabolically healthy, high blood
pressure (predominantly higher blood pressure levels compared to other two groups), and
poor metabolic profile (borderline normal lab values)®. A cross-sectional analysis of these
women indicated that postmenopausal women with a poor metabolic profile had
significantly lower verbal memory compared to postmenopausal women with a healthy
metabolic profile®. These findings in a cohort of healthy women are consistent with others
that have shown that obese individuals with two or more metabolic abnormalities had faster
cognitive decline compared to metabolically-normal participants who were not obese?.

The ApoE4 genotype is the most well-characterized genetic risk factor for cognitive
impairment!1-14. ApoE4 allele carriers have an earlier onset and faster progression of AD
compared to non-carriers, suggesting a disproportionate acceleration of aging in ApoE4
allele carriers®. The accelerated aging process among ApoE4 carriers may be partially
explained by the metabolic abnormalities associated with ApoE4 genotype. ApoE4 genotype
has been consistently linked with metabolic risk factors, chronic metabolic diseases
including atherosclerosis, and ischemic strokel®.17_ Interestingly, ApoE4 genotype is
reported to pose a greater risk for AD in women compared to men, such that e4 heterozygote
women have similar risk of AD as homozygote men2-11.18_ While ApoE4 genotype is a
known modifier of AD risk in women?, it is not known whether the association between
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poor metabolic profile and cognitive deficit in postmenopausal women is modified by
ApoE4 genotype status.

To address the question of whether a poor metabolic profile and ApoE4 genotype are
associated with cognitive decline, we conducted a clustering analysis using baseline data
from the analyses of the women within the Early vs. Late Intervention Trial with Estradiol
(ELITE) to identify metabolic phenotypes and the impact of these phenotypes on cognitive
performance by ApoE4 genotype. We hypothesized that association of poor metabolic
profile with cognition in postmenopausal women would be modified by ApoE4 genotype.
Identification of at-risk populations during the preclinical phase, particularly among women,
could contribute to effective prevention strategies for AD.

METHODS
ELITE trial design.

Methods and primary trial results from the ELITE trial have been detailed%20, ELITE was a
double-blind, placebo-controlled randomized clinical trial designed to test whether the effect
of estrogen-containing hormone therapy on atherosclerosis progression and cognitive
functions in postmenopausal women differed by time since menopause. Eligible women
were postmenopausal, defined as absence of menses for at least 6 months or bilateral
oophorectomy, with serum estradiol level below 25 pg/ml, and no clinical history of
cardiovascular disease or diabetes. A total of 643 women were randomized into one of two
strata: early menopause (within 6 years, n = 271) and late menopause (10 or more years
post-menopause, n = 372). Randomized interventions were oral estradiol 1 mg daily, with
(in women with a uterus) or without (in hysterectomized women) vaginal progesterone, or
matching placebos.

The primary trial outcome was rate of change of distal common carotid artery far wall
intima-media thickness2. A secondary outcome was change in cognitive functionl®. To
measure cognitive function, a comprehensive battery of neuropsychological tests was
administered at baseline prior to randomization, at about 2.5 years, and at each participant’s
final study visit, approximately 5 years after randomization. The cognitive battery included
14 neuropsychological tests that emphasized standardized tests sensitive to age- and HT-
associated change in middle-aged and older adults'®. ELITE was approved by the
Institutional Review Board of the University of Southern California. All participants
provided written informed consent before trial-related procedures were conducted.

Clinical and laboratory measurements.

At the baseline clinic visit, 8-hour fasting blood was drawn and blood pressure was
measured. Concomitant medications were recorded. Fasting glucose, B-hydroxybutyrate,
insulin, total cholesterol, triglycerides, HDL- and LDL-cholesterol, and hemoglobin Alc
(HbAZ1c) levels were measured as previously described®. The homeostatic model assessment
(HOMA); a measure of insulin resistance was measured as: [glucose mmol/L*insulin]/22.5.
Three isoforms (g2, €3, and e4) of the apolipoprotein E gene were determined according to
two nonsynonymous SNPs (rs429358 and rs7412)?! encoding arginine for cysteine amino
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acid variants at codon positions 112 and 158, respectively (TagMan Assay-on-Demand
Genotyping Service; Applied Biosystems)22. Thirty one percent of the participants were
ApoE4 carriers, of which 13% were homozygous for the E4 allele.

Identification of metabolic risk phenotypes.

Nine biomarkers were used to determine metabolic risk phenotypes within the ELITE
population; glucose, the HOMA score, ketones, triglycerides, HDL-cholesterol, LDL-
cholesterol, HbA1lc, and systolic and diastolic blood pressure®. As the clustering analysis
was part of a larger longitudinal study, the full sample of 643 ELITE women was restricted
to those completing cognitive testing at baseline and having complete biomarker data
available for clustering (n = 502); the present analysis was further restricted to women with
ApoE genotype data (n=497). A K-means clustering algorithm was used to identify three
clusters that were descriptively identified based on their biomarker profile: Healthy
Metabolic (=208, 41.9%), High Blood Pressure (n=190, 38.2%), and Poor Metabolic
(n=99, 19.9%) (Table 1). The majority of the mean metabolic biomarkers were within a
normal range, consistent with recruitment of a healthy population of postmenopausal women
in the study. Metabolic indicator means in the poor metabolic group were at the margins of
clinically healthy values.

Cognitive composite scores.

Three cognitive composite scores (global cognition, executive functions, and verbal
memory) were generated from the 14-item test battery. Composite scores were a linear sum
of the standardized test scores within each domain, with each standard test score inversely
weighted by its correlation with other contributing cognitive tests?3. The verbal memory
composite score was defined a priori by Word List Free Recall (a short version of the
California Verbal Learning Test 1) immediate and delayed recall, and Paragraph Recall
(East Boston Memory Test) immediate and delayed recall?3. Tests included in the executive
functions composite score were Symbol Digit Modalities Test, Trail Making Test part B,
Shipley Abstraction Scale, Letter-Number Sequencing, and category fluency (Animal
Naming). These tests were determined by a principal components analysis of baseline
scores23, The composite score for global cognition was similarly calculated as a weighted
average of all tests in the battery, including Judgment of Line Orientation, Block Design,
Visual Memory (Faces I, immediate recall and Faces Il, delayed recall), and Boston Naming
Test, in addition to the aforementioned tests.

Statistical analysis.

The present analysis was confined to baseline cognitive performance assessed prior to
randomization. Baseline characteristics were compared between clusters using analysis of
variance for continuous variables and chi-square tests for categorical variables. ApoE
genotype was classified as either ApoE4+ (E2/E4, E3/E4, E4/E4) or ApoE4- (E2/E2, E2/ES,
E3/E3). General linear models were used to test whether an association of metabolic cluster
with baseline cognitive performance differed by ApoE4 genotype (i.e., testing a cluster by
ApoE4 genotype interaction); dependent variables were the three cognitive composite
scores. ApoE4 interactions were also evaluated for individual cognitive tests; interaction p-
values were adjusted for false discovery rate (FDR). All models were adjusted for
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menopausal cohort (within 6 years vs more than 10 years since menopause) and years of
formal education. Additional models tested the confounding effects of chronological age and
BMI by comparing the results between models adjusted and not adjusted for age and BMI.
A sensitivity analysis was performed additionally adjusting all models for LDL- cholesterol
(in light of a significant ApoE4-cluster interaction on LDL-cholesterol). P-values for
pairwise comparisons among metabolic clusters were adjusted for multiple comparisons
using the Tukey-Kramer method and significance was set at 0.05. All statistical analyses
were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Study Sample.

Baseline demographic and clinical characteristics of the study population are presented by
metabolic clusters in Table 1. A total of 497 postmenopausal women from the ELITE trial
with available phenotype and genotype data contributed to the analysis. Women were on
average (SD) 60.6+7.0 years old, had 16.2+2.2 years of education, and were
postmenopausal for an average duration of 10.4+7.7 years. Fifty-seven percent of the women
were in late (more than 10 years) menopause. ApoE4 genotype distributions were
comparable among the three clusters (p=0.79). The distribution of race/ethnicity
significantly differed (p=0.002); a larger proportion of Hispanic participants were evident in
the poor metabolic cluster (24.2%). Reflecting the clustering algorithm, the three clusters
highly significantly differed on all of the nine metabolic biomarkers (p<0.001). Comparing
the metabolic markers by ApoE4 genotype and cluster (see Table, Supplement Digital
Content 1, which describes the metabolic biomarkers in by cluster and ApoE4 genotype),
cluster differences in mean biomarker levels were in general equally evident in ApoE4+ and
ApoE4- women (p-values for ApoE4-cluster interaction >0.05). Two exceptions were LDL-
cholesterol and diastolic blood pressure. LDL-cholesterol significantly differed between
clusters in ApoE4+ women only (p-value between clusters <0.001). ApoE4+ women in the
poor metabolic phenotype exhibited a higher level of LDL-compared to both the high blood
pressure (p=0.011) and healthy phenotype (p<0.001); differences in LDL-cholesterol among
clusters were not observed for ApoE4- women (p-value for ApoE4-cluster interaction =
0.006). While the between cluster differences in DBP were similar for ApoE4+ and ApoE4-
women, the ApoE4-cluster interaction remained statistically significant (p-value for
interaction=0.03; Supplemental Digital Content 1).

Cognitive composite scores: main effects of metabolic clusters.

Cognitive composite score comparisons between clusters at baseline were adjusted for
postmenopause cohort and years of education (Figure 1). As previously reported®, mean
performance on all cognitive domains was lowest in the poor metabolic cluster. Metabolic
groups did not significantly differ on global cognition (p=0.09; Figure 1a) or executive
functions (p=0.11; Figure 1c). However, the verbal memory composite score significantly
differed between clusters (p=0.04; Figure 1b), with pairwise comparisons indicating a
significant difference in verbal memory between women in the healthy and poor metabolic
clusters (p=0.03).
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Cognitive composite scores: main effects of ApoE genotype.

Comparisons of cognitive composite score between genotypes at baseline were adjusted for
postmenopause cohort and years of education (Figure 2). Mean performance for all three
composite scores was lower for women who were ApoE4+ (global cognition composite
p=0.03, Figure 2a; executive functions composite p=0.05, Figure 2c; verbal memory
composite p=0.12, Figure 2b).

Interaction between APOE4 genotype and metabolic clusters: cognitive composite scores.

The addition of a cluster-by-ApoE4 genotype interaction term to the regression model
showed that cluster differences in executive functions significantly varied by ApoE genotype
(interaction p=0.003; Table 2). The interaction was of borderline significance for global
cognition (interaction p=0.055). Cluster differences on verbal memory did not vary by ApoE
genotype (interaction p=0.21).

Adjusting for education and menopause cohort and correcting for multiple comparisons,
differences by cluster were evident for executive function in ApoE4+ women (p=0.002), but
not for ApoE4- women (p=0.22).

Among ApoE4+ women, pairwise comparisons revealed significantly lower performance on
executive functions in poor metabolic compared to the high blood pressure cluster; mean
(SE) executive function 0.28 (0.16) vs —0.68 (0.22) in high blood pressure vs poor metabolic
cluster (p-value = 0.005, Table 2). Similarly lower performances were observed in ApoE4+
women in the high blood pressure and poor metabolic clusters for global cognition (mean
(SE) 0.17 (0.22) vs —0.91 (0.31) in high blood pressure vs poor metabolic cluster (p-value =
0.058), and between women in the healthy phenotypes and poor metabolic for verbal
memory (mean (SE) 0.13 (0.17) vs —0.65 (0.23) in healthy vs poor metabolic cluster (p-
value = 0.074).

Similar results emerged when composite cognitive scores in the combined healthy and high
blood pressure phenotypes were contrasted with the poor metabolic phenotype within each
ApoE4 genotype. Among E4 carriers, women characterized by a poor metabolic phenotype
performed significantly lower on all 3 composite scores compared to women in the
combined healthy and high blood pressure clusters (p=0.007, p=0.006, and p=0.002 for
global cognition, verbal memory, and executive functions, respectively). Among ApoE4-
women, no such differences were observed (p=0.58, p=0.34, and p=0.74 for global
cognition, verbal memory, and executive functions, respectively; results not shown). Further
adjusting the analysis for age and BMI showed very similar results (results not shown).

Interaction between APOE4 genotype and metabolic clusters: individual cognitive test

Scores.

Interactions between the metabolic clusters and ApoE4 genotype were tested for each of the
individual cognitive tests of the cognitive composite scores (significant interaction results
shown in a table of Supplemental Digital Content 2, that describes individual cognitive test
scores by metabolic phenotype and ApoE4 genotype ). After adjusting for false discovery
rate (FDR) over all individual tests, two of the five interaction tests within the executive
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functions composite score showed a statistically significant interaction of the ApoE4 gene
with the metabolic phenotype: the Shipley Institute of Living Abstraction scale (FDR-
adjusted p-value for interaction=0.04) and category fluency (FDR-adjusted p-value for
interaction=0.04), while the Trail Making test showed a marginally significant interaction
(FDR-adjusted p=0.09). Of note, among ApoE4+ women, adjusted means differed by cluster
on Trail Making (p=0.018), Shipley Abstraction scale (p=0.002), and Category Fluency
(p=0.015). In each of these tests, the average performance of ApoE4+ women in the poor
metabolic cluster was lowest among the three clusters. Adjusted means for these cognitive
tests did not differ among ApoE4- women.

Within the verbal memory cognitive composite score, a statistically significant interaction
between ApoE4 genotype and the delayed paragraph recall test was evident (FDR-adjusted
p=0.04) while a trend for significance was noted for the immediate recall test (FDR-adjusted
p=0.09). In pairwise comparisons among ApoE4+ women, women in the poor metabolic
cluster performed more poorly on immediate paragraph recall than women in the healthy
cluster (p=0.003); women in the poor metabolic cluster performed more poorly on the
delayed paragraph recall compared to both the high blood pressure cluster (p=0.043) and the
healthy cluster (p=0.01). In ApoE4- women, paragraph recall performance did not differ
across clusters.

A sensitivity analysis additionally adjusting for LDL-cholesterol did not alter the results for
cluster differences by composite outcomes (see table, Supplemental Digital Content 3, that
describes composite cognitive scores by metabolic phenotypes and ApoE4 genotype:
Adjustment for LDL cholesterol). LDL-adjustment did however push significant cluster by
individual cognitive test score interactions to a marginal level of significance (see table,
Supplemental Digital Content 4, that describes individual cognitive test scores by metabolic
phenotype and ApoE4 genotype: Adjustment for LDL cholesterol).

DISCUSSION

In the current analysis, we incorporated ApoE genotype status to further define a
metabolically at-risk group of postmenopausal women with relatively lower cognitive
performance. Our analyses using baseline data from the ELITE trial indicated that women
with a poor metabolic phenotype were characterized by metabolic biomarkers at the
borderline of normal had significantly lower performance on executive functions compared
to the healthy and high blood pressure phenotypes if they carried at least one ApoE4 allele
(metabolic phenotype x ApoE4 genotype interaction p-value = 0.003; Table 2). Global
weighted cognition and verbal memory were also significantly lower among ApoE4 allele
carriers with poor metabolic phenotype compared to the healthy and high blood pressure
phenotypes carrying the ApoE4 allele. It is noteworthy that ApoE4+ women within the poor
metabolic phenotype had the worst global cognition and verbal memory compared to
ApoE4+ women in the high blood pressure and healthy metabolic phenotypes (p-value for
both composite scores = 0.019; Table 2). Collectively, these data provide evidence for a
specific interaction between the ApoE4 genotype and metabolic function that drives adverse
impact on specific domains of cognition. Further, these data suggest that the adverse impact
of the ApoE4 genotype is dependent upon metabolic dysregulation, as ApoE4+ women
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within the metabolically healthy cluster performed significantly better on cognitive functions
compared to ApoE4+ within the poor metabolic cluster.

Vascular and metabolic risk factors have been extensively investigated in relation to
dementia, cognitive decline, and AD. High blood pressure, total cholesterol and other lipid
parameters, diabetes and insulin resistance, body mass index and obesity have been linked to
dementia and cognition24-26. Metabolic syndrome, a constellation of metabolic factors, has
also been linked to age-related cognitive decline, mild cognitive impairment, and vascular
dementia?”-28, We used a metabolic clustering approach in this sample of health
postmenopausal women using a set of nine clinically accessible biomarkers to identify
metabolically-distinct groups of women®, with one cluster characterized with a relatively
worse metabolic profile?. Women in this poor metabolic group had significantly lower verbal
memory performance compared to the other (healthy and high blood pressure) profiles®. Our
current analyses extend these findings to demonstrate an association of poor metabolic
profile with lower cognitive functions that is specific to women carrying at least one ApoE4
allele.

Detecting at-risk individuals within a healthy population is critical for preventing or
delaying Alzheimer’s disease. Postmenopausal women constitute more than 60% of the
affected Alzheimer population, and thus it is of immense public health importance to
establish successful screening tools in order to identify healthy postmenopausal women at
risk for cognitive impairment and AD.

ApoE4 genotype is one of the strongest risk factors for cognitive impairment!1.12, and
Alzheimer’s disease (AD)1314, in addition to increasing age2?, female sex?®, and metabolic
abnormalities2’. ApoE4 allele carriers have an earlier onset of AD compared to non-carriers,
suggesting a disproportionate acceleration of aging in ApoE4 allele carriersl®. The
accelerated aging process among ApoE4 carriers may be partially explained by the
metabolic abnormalities associated with the ApoE4 genotype0. In the majority of studies
that have evaluated the predictive value of metabolic risk factors for cognitive outcomes,
ApOoE4 carrier status has, in general, only been considered as a covariate, and not as a
modifier of metabolic associations. Using these baseline data from the ELITE trial, we show
that associations of poor metabolic profiles with reduced cognitive performance are evident
only in healthy postmenopausal women who are ApoE4+.

A strong body of evidence indicate an interaction between female sex and ApoE genotype
for AD risk!1:31, such that ApoE4 confers greater risk for AD in women compared to
men11:31-33 The effect of ApoE4 genotype on AD biomarkers including tau levels are also
reported to be higher among women compared to menl, Female ApoE4 carriers had
significantly greater brain hypometabolism and cortical thinning34, and increased
vulnerability of connection between hippocampus and precuneus/posterior cingulate cortex
compared to male carriers3®.

Only a limited number of studies have investigated the interaction between ApoE4 genotype
and metabolic risk factors for their joint effect on cognitive function. Our findings are
consistent with a recent study on a total of 1800 participants from two independent cohorts
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reporting a significant interaction between ApoE4 genotype and hypercholesterolemia on
cognitive function3®. Perna et al. showed that the negative effects of ApoE4 genotype on
cognitive function was significantly amplified by the presence of hypercholesterolemia and
CVD; consequently, hypercholesterolemia was negatively associated with cognitive function
only among ApoE4 carriers38. In another study cholesterol homeostasis was significantly
negatively associated with cognitive decline only among the ApoE4 carriers3’. Contrasting
our study with Perna et al. study, we considered a total of 9 metabolic markers to define a
comprehensive metabolic profile since perturbation in multiple metabolic factors tend to
coexist; instead of total cholesterol we evaluated LDL- and HDL-cholesterol levels
specifically. Our data extend the results reported by Perna et al. in addition to validating and
confirming their results. It is also noteworthy that when we evaluated the individual
metabolic factors, high LDL-cholesterol emerged as the defining characteristic
differentiating the ApoE4 carriers and non-carriers among women with a poor metabolic
profile (Supplemental Digital Content 1). Therefore, it is possible that LDL-cholesterol is a
key metabolic factor contributing to reduced cognition among ApoE4 carriers. Interestingly,
in a sensitivity analysis adjusting for LDL-cholesterol, our primary findings of ApoE4-
metabolic cluster interactions on executive functions composite scores remained
(Supplemental Digital Content 3), suggesting that some ApoE4 effect other than LDL-
cholesterol was responsible for our findings. Further research is warranted to investigate the
mechanisms for the differential associations reported here.

In addition to the composite cognitive measures used in our primary analyses, we also
evaluated the interaction between ApoE4 genotype and metabolic cluster for individual
cognitive tests. Notably, our results demonstrating poorer composite executive functions
among women with a poor metabolic profile who carried the ApoE4 allele was validated by
two of five individual tests, namely Shipley Abstraction Scale and Category Fluency
(Animal Naming) (Supplemental Digital Content 2). It is also interesting to note that,
although the interaction between ApoE4 genotype and the composite verbal memory
summary score was not statistically significant, the interaction was significant for the
delayed paragraph recall test.

While the accelerated cognitive aging process among ApoE4 carriers can be presumably
explained by the metabolic abnormalities inflicted by the ApoE4 genotype, the distribution
of ApoE4 genotype did not differ among metabolic clusters in this sample of healthy
postmenopausal women (p = 0.79; Table 1). The impact of ApoE4 genotype is not consistent
across metabolic factors; the ApoE gene regulates the clearance of lipoproteins and
consequently lipid profile levels. ApoE was not associated with other metabolic factors
including glucose, insulin, HbAlc, and systolic blood pressure in a pooled analysis among
60,883 individuals?.

The primary strength of the study is the considerably large sample size of 497 participants
that reduces the probability of chance findings. Our analytic approach also allowed us to use
metabolic profiles incorporating multiple key metabolic factors as an indicator instead of
considering them individually. Finally, inclusion of only clinically healthy mid- to late-age
postmenopausal women adds to the strength of this study. Demonstrating an association of
relatively poorer metabolic profile with reduced cognitive performance in healthy ApoE4+
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postmenopausal women, these results have significant prevention potential and public health
implications. Using ApoE4 genotype and metabolic profile, as our data suggest, may define
a population at potentially greater risk for cognitive decline and thus emphasis for
development of intervention and prevention strategies. Identification and implementation of
effective prevention strategies in such at-risk populations can reduce the burden of cognitive
impairment and AD in women.

A limitation of the study is that our population was predominantly white (71%), therefore,
these results may not be generalizable to other racial/ethnic groups. Despite the fact that a
larger proportion of Hispanic women belonged to the poor metabolic cluster in our data, we
were not able to stratify our analysis by racial/ethnic groups due to limited number of
Hispanic women. Of note, as verbal memory tests are dependent upon English language
proficiency, Hispanic ethnicity might confound the contribution of metabolic factors on
cognitive performance. These results should be repeated in larger sample along with
sufficient representation of all ethnic groups as interactions that were not significant in our
study might be due to lack of enough power. Finally, the longitudinal effect of the interaction
between ApoE4 genotype and metabolic phenotype on changes in cognitive skills should
also be evaluated in future studies.

CONCLUSIONS

In this sample of healthy postmenopausal women, associations of poor metabolic profiles
with reduced cognitive performance were particularly apparent in women who carried an

ApoEA4 allele. Further research should corroborate and extend these findings, and evaluate
possible mechanisms. Such research may ultimately suggest targeted preventive measures
based on a combination of ApoE4 genotyping and poor metabolic profiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. (Panels A, B, & C): Baseline Cognitive Composite Scores by Metabolic Phenotypes

A. Global Cognition Composite Scores B. Verbal Memory Composite Scores C. Executive

Functions Composite Scores
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