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Background: Vascular risk factors have been associated with cognitive decline; how-

ever, it remains unclear whether apolipoprotein E (APOE) genotype modifies this

relationship. We aimed to further elucidate these relationships and extend previous

findings by examining data from a more comprehensive cognitive assessment than

used in prior studies. Methods: In all, 1436 participants from the prospective Fra-

mingham Offspring Cohort Study underwent health examination from 1991 to

1995, followed by a baseline neuropsychological assessment (1999-2003) and a repeat

neuropsychological assessment approximately 8 years later (2004-2009). Multivari-

ate linear regression analyses were performed to examine the relationship among

midlife vascular risk factors, presence of the APOE ε4 allele, and cognitive change.

Results: APOE genotype significantly modified the associations between both mid-

life hypertension and cardiovascular disease and decline in language abilities and

midlife diabetes and decline in verbal memory, attention, and visuospatial abilities.

Associations between increased midlife vascular risk burden and greater cognitive

decline were observed among APOE ε4 carriers but not noncarriers. Conclusions:
The present findings revealed a subgroup at increased risk for cognitive decline

(APOE ε4 carriers with midlife exposure to vascular risk factors) and suggest that

treatment of vascular risk factors duringmidlife may reduce the risk of cognitive im-

pairment later in life, particularly among APOE ε4 carriers. Key Words:

Apolipoprotein E—cognition—vascular risk—aging—diabetes—hypertension—

cardiovascular disease.
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Introduction

The presence of vascular risk factors in midlife is

associated with greater cognitive decline1 and the

development of dementia later in life.2,3 Among

nondemented older adults, some studies report that

greater vascular risk burden is associated with cognitive
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decline restricted to a particular domain such as executive

functioning1 or language,4 whereas other studies have

found associations with poorer performance across multi-

ple additional domains including processing speed,

visuospatial abilities,5 and memory.6

The presence of the apolipoprotein E (APOE) ε4 allele is

a well-established susceptibility gene for Alzheimer’s dis-

ease (AD).7 APOE genotype also influences susceptibility

to atherosclerosis8 and may increase risk of vascular

dementia.9 In terms of the role of the APOE ε4 allele as

a risk factor for cognitive decline in normal aging, find-

ings have been somewhat mixed. Some studies demon-

strate poorer cognitive performance or greater decline

among APOE ε4 carriers relative to noncarriers that is

restricted to episodic memory,1 whereas other studies

show poorer performance across a variety of additional

abilities, including global cognitive functioning and exec-

utive functioning.10 Further, several previously published

reports show no association between APOE genotype and

cognitive functioning in nondemented older adults,11 par-

ticularly when those with preclinical AD are removed

from the sample.12

There are few published reports examining whether

APOEgenotype influences the relationship between vascu-

lar risk burden and cognitive impairment, and even fewer

have investigated these associations in a longitudinal

context. Generally, findings across such studies have been

inconsistent with some results demonstrating that the

APOE ε4 allele in combinationwithvascular risk factors im-

parts increasedriskof cognitivedecline,6,13,14whereasother

studies have reportedno such interaction.1,15Notably, these

studies have differed in terms of participant characteristics

(e.g., mean age at baseline cognitive evaluation) and

methodology (e.g., length of follow-up, vascular risk factors

assessed, cognitive measures administered). Further, in

general, a caveat of existing longitudinal studies involves

the limited nature of the cognitive domains and measures

examined.

Given the potential significant public health impact of

identification of risk factors for preclinical cognitive de-

cline16 and the limitations of existing studies examining

the influence of vascular risk burden and APOE genotype

on cognition in older adults, we aimed to further eluci-

date whether APOE genotype modifies the relationship

between midlife vascular risk burden and later cognitive

decline. In particular, we sought to extend findings of

existing published reports by examining data from

a more comprehensive cognitive assessment than used

in previous studies. We hypothesized that APOE geno-

type would modify the relationship between vascular

risk and cognitive decline across a variety of cognitive

domains including memory, attention, executive func-

tioning, visuospatial skills, and language. Specifically,

we expected that the association betweenmidlife vascular

risk exposure and later cognitive decline would be stron-

ger among APOE ε4 carriers relative to noncarriers.

Further, given the possibility that vascular risk factors

may interact with genetic risk to lead to cognitive decline

through multiple divergent and convergent physiologic

pathways, we examined each vascular risk factor and

cognitive domain to determine whether these individual

risk factors show differential relationships with the vari-

ous cognitive domains.

Materials and Methods

Participants

The Framingham Heart Study is a community-based,

prospective study that was initiated in 1948 to identify

risk factors for cardiovascular disease (CVD). To date,

the study has followed 3 generations of participants in-

cluding (1) the Original Cohort, (2) the Offspring Cohort,

which includes biological children of the Original Cohort

and Offspring spouses, who have been followed since

1971, and (3) the Third Generation Cohort, which includes

children frommembers of theOffspringCohort, who have

been followed since 2000. Participants in the current study

were members of the Offspring Cohort who have under-

gone health examinations approximately every 4 years

since 1971.17 Of the 3799 participants from the Offspring

Cohort who participated in the fifth examination (exam

5) between 1991 and 1995, 1602 individuals also under-

went 2 neuropsychological assessments at least 5 years

apart. The first assessment was administered between

1999 and 2003 and the second assessment was conducted

between 2004 and 2009. Of the 1558 participants aged

45-84 years at the first neuropsychological assessment, in-

dividuals were excluded from the present study for the

following reasons: documented clinical stroke, dementia,

or other neurological disorders (e.g., multiple sclerosis,

head trauma) at the first assessment (n5 38); neurological

conditions at the second assessment (n 5 17); missing

APOE genotype data (n 5 28); APOE ε2/ε4 genotype

given the ambiguity associated with the presence of both

an allele imparting increased risk (ε4) and an allele with

a possible protective impact (n5 31), and missing covari-

ate data (n 5 8). Individuals with mild cognitive impair-

ment at the first assessment were not excluded. These

inclusion and exclusion criteria resulted in a final sample

for the present analyses of 1436 participants.

Vascular Risk Factors

Vascular risk factors were assessed at exam 5. Hyper-

tension was defined as systolic blood pressure of 140

mm Hg or greater, diastolic blood pressure of 90 mm

Hg or greater, or use of antihypertensive medications18;

history of CVD was based on history of coronary heart

disease (includes myocardial infarction, angina pectoris,

and coronary insufficiency), cardiac failure, and intermit-

tent claudication19; diabetes was defined as fasting glu-

cose of 7 mmol/L or greater or use of an antidiabetic
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