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Abstract

We examined longitudinal associations between ApoE4* status and several cognitive outcomes
and tested effect modification by sex. Data on 644 Non-Hispanic White adults, from the Baltimore
Longitudinal Study of Aging (BLSA) were used. Dementia onset, cognitive impairment and
decline were assessed longitudinally. After 27.5 years median follow-up, 113 participants
developed dementia. ApoE4* predicted dementia significantly (HR=2.89; 95% CI: 1.93-4.33),
with non-significant sex differences. Taking all time points for predicting cognition, women had
significantly stronger positive associations than men between ApoE4* status and impairment or
decline on the California Verbal Learning Test (CVLT-delayed recall and List A total recall) and
on Verbal Fluency Test-Categories. This ApoE4xsex interaction remained significant with
bonferroni correction only for CVLT-delayed recall. Taking time points prior to dementia for
cognitive predictions, the positive association between impairment in CVLT-delayed recall and
ApoE4™ status remained stronger among women, though only before bonferroni correction. While
ApoE4+ status appears to be a sex neutral risk factor for dementia, its association with verbal
memory and learning decline and impairment was stronger among women.
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INTRODUCTION

A growing body of literature supports a positive association between the Apolipoprotein E
¢4 allele (ApoE4* status) and the risks of impaired cognitive performance and cognitive
decline (Small, et al., 2000). Despite general consistency in the related findings, some
studies found no association or an inverse one between ApoE4™* status and poor cognitive
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performance, while others indicated a positive association between ApoE4* status and poor
cognition only among dementia patients.(Kim, et al., 2002,Riley, et al., 2000,Small, et al.,
2000,Smith, et al., 1998,Winnock, et al., 2002,Yip, et al., 2002) Moreover, it is unclear
whether this excess risk ascribed to ApoE4* status is specific to certain cognitive domains
over others, and whether this association is differentially modified by sex.

Multiple studies have found associations between the ApoE4* status and impairment or
decline on episodic memory, particularly delayed recall. (Bondi, et al., 1995,Chey, et al.,
2000,Hyman, et al., 1996,Jorm, et al., 2007,Lehmann, et al., 2006,Luczywek, et al.,
2002,Nilsson, et al., 2006,Packard, et al., 2007) This allele may also adversely influence
verbal ability, (Mortensen and Hogh, 2001) executive functioning, (Chey, et al.,
2000,Romero, et al., 2002,Swan, et al., 2005) perceptual/psychomotor speed and visuo-
spatial skill (Blair, et al., 2005,Jorm, et al., 2007,0'Hara, et al., 2008,Packard, et al., 2007) in
addition to global cognition. (Berr, et al., 1996,Bretsky, et al., 2003,Bunce, et al.,
2004,Kuller, et al., 1998,Sawyer, et al., 2008,Slooter, et al., 1998,Winnock, et al., 2002)
Moreover, while a number of those studies had a cross-sectional or case-control design,
among twenty-five recent longitudinal studies, twenty-one had a follow-up of less than 10
years. (Aggarwal, et al., 2005,Blair, et al., 2005,Brayne, et al., 1996,Bretsky, et al.,
2003,Bunce, et al., 2004,Feskens, et al., 1994,Henderson, et al., 1995,Hoyt, et al.,
2005,Hyman, et al., 1996,Jonker, et al., 1998,Lam, et al., 2006,Martinez, et al.,
1998,Molero, et al., 2001,Packard, et al., 2007,Payami, et al., 1997,Qiu, et al., 2006,Romero,
etal., 2002,Swan, et al., 2005,Wilson, et al., 2002, Winnock, et al., 2002, Y affe, et al., 1997)
Moreover, study populations were relatively small in the majority of these longitudinal
studies with eight out of twenty-five having baseline sample sizes of less than 300
participants (Aggarwal, et al., 2005,Brayne, et al., 1996,Hoyt, et al., 2005,Lam, et al.,
2006,Martinez, et al., 1998,Mortensen and Hogh, 2001,Romero, et al., 2002,Swan, et al.,
2005).

Two cross-sectional and several longitudinal studies have specifically or additionally
examined ApoE4* status and sex interactions in relation to cognition or dementia risk
(Hyman, et al., 1996,Lehmann, et al., 2006,Martinez, et al., 1998,Molero, et al.,
2001,Mortensen and Hogh, 2001,Payami, et al., 1997,Swan, et al., 2005) and an earlier
meta-analysis indicated that sex was potentially an effect modifier in the ApoE genotype-
Alzheimer’s disease (AD) association. (Farrer, et al., 1997) Moreover, experimental and
neurobiological evidence suggests that ApoE4* status may play a greater role in the
neurodegenerative process among women than among men. (Fleisher, et al., 2005,Juottonen,
et al., 1998,Villasana, et al., 2006) Thus far, no long-term large prospective cohort study has
looked specifically at the possible effect modification by sex for the association of ApoE
genotypes with incident dementia, as well as decline and impairment in specific
neuropsychological domains of cognition.

In the present study, we examined whether the risks of cognitive impairment, cognitive
decline, and dementia in older adults were associated with the ApoE &4 allele. In particular,
we investigated effect modification by sex for the association between the &4 allele and
cognitive outcomes and whether certain domains were more likely to be affected than others
by this putative interaction.

METHODS

Participants

Data were obtained from the Baltimore Longitudinal Study on Aging (BLSA). Initiated in
1958, the BLSA is an ongoing prospective open cohort study of community-dwelling,
generally highly educated, upper to middle class adults with a total enrollment of 3,005 (N;)
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participants aged 17-97 years (60.1% men). (Shock, 1984)Participants undergo medical and
psychological examinations, including neuropsychological testing, a neurological exam, and
medical history and physical examination; the details and exclusionary criteria have been
summarized elsewhere.(Zonderman, et al., 1995) In the present study, participants were
eligible for analyses only when they had at least one visit at or beyond age 50 years and
when they were at risk for dementia (N,=2,321).

ApOE genotyping was performed on consecutive series of participants selected in two
phases based on funding at the time, the first selecting participants 60 years or older and the
second selecting 400 participants of any age. Among the eligible sample (N,=2,321), ApoE
genotypes were available for 724 eligible participants. Additionally, only non-hispanic
whites (N3 = 644) were included because associations between ApoE4™* status and dementia
risk or cognition may differ between whites and other ethnicities. (Farrer, et al.,
1997,Sawyer, et al., 2008)The numbers of eligible participants with complete genetic and
cognitive test data varied between 515 for Trails B and 640 for BVRT (median frequency of
repeated measurements ranged between 14 and 15), when all time points were considered
for predictions.

Beyond the last visit per individual, 237 deaths occurred (162 men and 75 women) in the
Non-Hispanic white sample with complete ApoE genotypes (N3=644). Mean ages and
standard deviations (SD) among participants who died (n3=237) was 86.1 years (SD= 7.8)
for men and 88.6 years (SD=8.0) for women (p<0.05, based on t-test with 1 d.f).

Clinical evaluation of dementia

All participants were followed annually and were reviewed at a consensus conference if
their Blessed Information Memory Concentration score (Blessed, et al., 1968) was >4, if
their informant or subject Clinical Dementia Rating (CDR) (Morris, 1997) score was =0.5,
or if their Dementia Questionnaire (DQ) (Kawas, et al., 1994) was abnormal. All
participants, regardless of screening tests, were evaluated by case conference at the time of
death or withdrawal. Dementia diagnosis was determined according to DSM-I11-R
(American Psychiatric Association, 1987) criteria. Year of dementia onset was estimated
based on consecutive case conference findings. A diagnosis of mild cognitive impairment
(MCI) was made when participants had either single domain cognitive impairment (usually
memory), or cognitive impairment in multiple domains without any significant functional
loss in activities of daily living (ADLSs), following the Petersen algorithm. (Petersen, 2004)
In our present analysis, MCI cases were retained in the “at risk for dementia” group.
Diagnoses of dementia type were formulated during multidisciplinary evaluations based on
prospectively collected evidence using National Institute of Neurological and
Communication Disorders—Alzheimer’s Disease and Related Disorders Association criteria
(McKhann, et al., 1984). Secondary analyses were also conducted in which the outcomes
were incident MCI and AD.

Cognitive assessment

A battery of five cognitive tests was used, namely Mini-Mental State Exam (MMSE),
(Folstein, et al., 1975) Benton Visual Retention Test (BVRT), (Benton, 1974) California
Verbal Learning Test (CVLT); List A and delayed recall score, (Delis, et al., 1988) verbal
fluency tests, both letter (VFT-L) (Lezak, 1983,Lezak, 1995,Spreen and Benton, 1969) and
category (VFT-C), (Rosen, 1980) and Trails A and B (Reitan, 1992) (see Appendix A).
Linear mixed models with a quadratic age term (to allow for nonlinear age effects) were
used to predict their values at specific ages, particularly mean individual age at follow-up
prior to the onset of dementia or prior to the end of follow-up, and to predict the slope for
annual cognitive change at that particular age. The latter can be interpreted as the annual rate
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of change in the cognitive score between ages 50 and the mean age of follow-up per
individual and cognitive test (See Appendix B). Using quintiles, the poorest performance
(“cognitive impairment) or steepest “cognitive decline” were determined and compared to
all other quintiles combined. Additionally, the continuous scores (“cognitive function”) and
rates of “cognitive change” were also considered as cognitive outcomes in a separate set of
analyses.

ApoE genotypes

Covariates

ApOE genotype was determined by polymerase chain reaction amplification of leukocyte
DNA followed by Hhal digestion and product characterization, a process described by
Hixson and Vernier. (Hixson and Vernier, 1990) Participants possessing at least one ¢-4
allele were labeled as ApoE4™*, while those without the allele were labeled as ApoE4™.

We examined three sets of covariates as potential confounders in the main associations of
interest: (1) Socio-demographic factors, namely individual age at first-visit and mean ages of
follow-up (per individual and cognitive test), sex, educational attainment (years of
schooling), and one lifestyle-related factor namely smoking status (never, former or current
smoker); (2) self-reported history of type 2 diabetes, hypertension, cardiovascular disease
(stroke, congestive heart failure, non-fatal myocardial infarction or atrial fibrillation) and
dyslipidemia at first-visit; and (3) measured first-visit body mass index (BMI in kg/m2). In
addition, first-visit blood pressure (systolic and diastolic in mm Hg), plasma total and HDL-
cholesterol, and fasting blood glucose (in mg/dL) were only analyzed in relation to ApoE4
status and sex for descriptive purposes, given their higher proportion with missing data
compared to the self-reported conditions.

Data analysis

Means of continuous measures across categorical variables were tested using t-test and one-
way ANOVA. Associations between categorical variables were examined with the chi-
square test. Kaplan-Meier survival curves and log-rank tests were used to compare the
number of incident dementia cases by ApoE4 status. (Freedman, 1982) In addition, dose-
response to the number of &4 allele in the ApoE genotype (none vs. one (i.e. €2/¢4 or €3/e4) ;
none vs. two (i.e. e4/e4)) was assessed using a Log-rank test with its associated p-value for
trend for the total eligible population. Cox proportional hazards (PH) models were
conducted to assess risk of dementia associated with ApoE4* status, stratifying by sex and
controlling for potentially confounding covariates. The dependent measure was age at onset
of dementia or the last observed (censored) age of non-diagnosed participants. (Cox, 1972)
Moreover, predicted values of cognitive scores and associated slopes from multivariate
linear mixed models with a quadratic age term added -- controlling for selected demographic
and lifestyle factors -- were obtained at mean age when cognitive tests were conducted,
taking all time available time points in one predictive model and time points prior to onset of
dementia in another (See Appendix B). Further, a multivariate logistic regression analysis
was carried out to examine the association between ApoE4* status and significant cognitive
decline or impairment (<20™ percentile of cognitive change or predicted cognitive score at
mean age of follow-up, except for BVRT, Trails A and B where the cutpoint was the 80t
percentile). As a sensitivity analysis, we conducted OLS multivariate regression models to
assess the association between ApoE4 status and cognitive function or annual rate of
cognitive change as continuous outcomes, controlling for the same covariates as for the
logistic models.

A type | error of 0.05 was considered for all analyses, and p-values between 0.05 and 0.10
were considered as borderline significant. To assess interaction between ApoE4 status and
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sex, a separate model was conducted (either Cox PH model or logistic regression) in which
sex was included among the main effects and an ApoE4xsex interaction term was examined
for both direction and statistical significance. Assuming that a type I error for interaction of
0.05 is statistically significant for each of the eight tests, bonferroni correction was carried
out to set that type I error to 0.05/8=0.00625. All analyses were performed using Stata
version 10.0 (STATA, 2007).

Among the 644 eligible Non-Hispanic white participants who were at risk of dementia
starting at age 50 and had available genotype data, the distribution of ApoE genotypes was
€2/2=2; €2/3=83; £2/4=10; £3/3=387; £3/4=147; £4/4=15. There were 113 incident dementia
cases with an incidence rate of 707 per 100,000 person-years (95% CI: 588-850). Median
follow-up time was 27.5 years. Ninety-four of the 113 dementia cases, (i.e. 83%) had died
by the end of follow-up in 2006 (60 men and 34 women). Sixty-one of the total eligible
population (N=644) were diagnosed as incident MCI by the end of follow-up and were
retained in the risk set in the analysis for dementia risk. Among incident dementia cases that
were retained in our analysis (i.e. n=113), seventy-six were differentially diagnosed as AD.

NH white eligible study participants with complete genetic data (n=644), were generally
younger (MeanzSD first-visit age: 54.7+16.0 vs. 59.2+16.3) and healthier compared to the
eligible NH white BLSA sub-population without genetic data (n=1,274) in terms of first-
visit current smoking status (17.7% vs. 25.6%), body mass index (24.6+3.3 vs. 25.1+3.4)
and some self-reported co-morbid conditions (e.g. type 2 diabetes (1.6% vs. 3.6%) and
hypertension (30.3% vs. 40.8%)) and had a higher proportion of women (42.9% vs. 28.1%);
(p<0.05 based on 2 or t -test); (data not shown).

Men and women positive for the €4 allele (ApoE4™*) had a similar socio-demographic and
metabolic profile as those who were ApoE4™. Incidence proportion of dementia was
significantly higher among ApoE4* compared to ApoE4~ genotypes in women (26.2% vs.
13.0%; P<0.05 based on ¥?2 test) but not in men. However, comparing men to women’s
profile, women had a significantly higher proportion with ApoE4* status (31.2% vs. 23.5%),
they were less educated, less likely to be former or current smokers, were older at first-visit
(mean age 58.1 years (SD=16.8) vs. 52.3 years (SD=20.0) among men), had a significantly
lower mean first-visit BMI, but a higher proportion obese, and had a generally better
metabolic profile than men in terms of DBP, HDL-C and fasting glucose levels at first-visit
(Table 1).

Figure 1 shows Kaplan-Meier survival curves of incident dementia by ApoE4™ status with
time starting at age 50 years. In the total population, cumulative incidence of dementia was
significantly higher among ApoE4* compared to ApoE4~ participants particularly by age
75. The log rank test for equality of survivor functions indicated that the divergence between
the two curves was statistically significant (P<0.05). Modeling instantaneous hazard
functions against ApoE4* status and controlling for potential confounders —namely sex,
first-visit age, educational attainment, smoking status, self-reported co-morbid conditions
(See section on Covariates), and first-visit body mass index -- using Cox PH models yielded
a hazard ratio (HR) for dementia by ApoE4* status of 2.89 with a 95% CI of 1.93-4.33.
Both survivor functions and Cox models indicated a stronger relationship with ApoE4*
status among women compared to men (HRs: 4.36 with 95% ClI: 2.21-8.61 among women
vs. 2.42 with 95% CI: 1.39-4.22 among men), though effect modification by sex was not
statistically significant (P=0.219 for ApoE4xsex interaction term in a model including sex
among main effects). A secondary analysis in which ApoE4 status was replaced with ApoE2
status (at least one €2 allele vs. other ApoE genotypes) did not show evidence of an
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association between the €2 allele and dementia risk (HR=0.99 with a 95% CI: 0.58-1.68).
Another secondary analysis in which the outcome was incident AD (n=75 cases) and
exposure was ApoE4* status, showed even greater homogeneity of HRs between men and
women (HR=2.53 with a 95% CI: 1.30-4.95 for men and HR=2.82 with a 95% CI: 1.33-
5.94 for women) and p=0.59 for ApoE4xsex interaction. However, when incident MCI was
considered as the outcome of interest, there was no significant association observed with
ApoE4 status for men or women (data not shown).

Examining the number of €4 alleles against dementia risk in the total population, the Log-
rank test for trend indicated a dose-response relationship (52 for trend (1 df.)=21.79; p-value
for trend<0.0001). In addition, Cox PH with number of ¢4 alleles entered as two dummy
variables (1 vs. none; 2 vs. none) yielded HRs of 2.79 (95% ClI: 1.83-4.27) and 3.56 (95%
Cl: 1.52-8.35)), respectively, which shows a dose-response when plotting the HRs point
estimates on the Loge scale with the initial point (no ¢4 allele) being equal to zero. This
dose-response was also observed when incident AD was considered as the outcome of
interest [HR=2.57 (95% ClI: 1.55-4.27) for 1 allele vs. none and HR=4.08 (95% CI:1.59-
10.49) for 2 alleles vs. none]; (data not shown).

Using all cognitive data—including scores from assessments administered after some
participants were diagnosed with dementia -- in one analysis to predict cognitive impairment
or decline, ApoE4* men and women were at increased risk of global cognitive decline in
MMSE at mean age of follow-up (ORs were 2.47 with 95% CI: 1.17-5.21 among men and
4.92 with 95% CI: 1.79-13.56 among women). Moreover, using a similar methodology in
including all time points to predict cognitive outcomes at mean age of follow-up, significant
sex interaction with ApoE4™ status was found for impairment in CVLT delayed recall
(p=0.005), CVLT List A (p=0.020), VFT-C (p=0.030), and for decline in CVLT delayed
recall (p=0.001) and CVLT list A (p=0.022), the associations being stronger among women.
After bonferroni correction, significance of ApoE4xsex interaction was retained only for
decline and impairment in CVLT (delayed recall). No significant sex differences were noted
for other binary cognitive outcomes, particularly after bonferroni correction for multiple
comparisons. Additionally, although sex differences were noted in many continuous
cognitive outcomes (i.e. using multivariate OLS regression; six out of sixteen), including
CVLT, none remained significant after bonferroni correction for multiple testing (Table 2).

Excluding cognitive data from assessments administered after some participants developed
dementia for cognitive predictions (Table 3), ApoE4* status had a stronger positive
association with impairment in CVLT (delayed recall) among women compared to men.
Bonferroni correction, however, indicated that this interaction term was not significant
taking into account multiple testing. Moreover, both men and women were at significantly
or borderline significant increased risk of global cognitive decline (i.e. in MMSE) with
ApoE4* compared to ApoE4™, although this positive association was significant for BVRT
decline only among women, without appreciable ApoE4xsex interaction.

DISCUSSION

The current study assembles a large and long-term prospectively assessed sample to test the
association between genetic factors and dementia risk as well as cognitive impairment and
cognitive decline. After a median follow-up of 27.5 years between 1958 and 2006, 113 of
644 Non-Hispanic White participants with available ApoE genotype data developed
dementia. ApoE4* was an important predictor of dementia (hazard ratio, HR=2.89; 95% ClI:
1.93-4.33), though sex differences were not significant (HRs: 4.36 with 95% ClI: 2.21-8.61
among women vs. 2.42 with 95% CI: 1.39-4.22 among men). In the total population, there
was a dose-response relationship between the number of epsilon 4 alleles and dementia risk.
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Taking all time points available in BLSA for predicting cognition, ApoE4* was associated
with increased risk of cognitive decline at mean follow-up age on MMSE (ORs were 2.47
(95% CI:1.17-5.21) and 4.92 (95% CI:1.79-13.56), for men and women, respectively).
Women had significantly stronger positive associations than men between ApoE4™ status
and impairment or decline on the California Verbal Learning Test (CVLT, delayed recall
and List A total recall) and on Verbal Fluency Test-Categories. This ApoE4xsex interaction
remained significant with bonferroni correction only for CVLT, delayed recall. Taking time
points prior to dementia for cognitive predictions, ApoE4™* status had a stronger positive
association with impairment in CVLT (delayed recall) among women compared to men.
Bonferroni correction, however, indicated that this interaction term was not significant after
taking into account multiple testing.

Despite the strength of the association between ApoE4™* status and dementia risk, the
literature is equivocal about its relation to cognitive function, impairment or decline. This
apparent inconsistency is due to several factors. Aside from their relatively smaller sample
sizes (<300 participants at first-visit), their case-control or cross-sectional designs, or short
follow-up periods (<10 years), a large portion of null studies (Riley, et al., 2000,Small, et al.,
2000,Smith, et al., 1998,Winnock, et al., 2002,Yip, et al., 2002) have evaluated only overall
cognitive status. Furthermore, unlike our study which used logistic regression models with
cognitive decline and impairment as outcomes, these studies used linear statistical models
for the most part.

On the other hand, a wealth of evidence supports the presence of sex differences in the
associations between cognitive deficits and ApoE4™ status. For instance, Moreno et al and
Payami et al found an increased risk of familial Alzheimer’s disease (AD) in women carriers
of the €4 allele but not in men carriers. (Molero, et al., 2001,Payami, et al., 1997) In a third
study, women had a twofold increased risk of AD compared to men among relatives of €4
carriers, but not among relatives of non-carriers. (Martinez, et al., 1998) In another study, &4
carrier women but not men had steeper cognitive decline in performance 1Q and three
performance subtests (digit symbol, block design, and object assembly) compared to
noncarriers. (Mortensen and Hogh, 2001) This finding was also replicated by another study,
though the main domain of interest was the development of impairment in delayed recall
task. (Hyman, et al., 1996) Swan and colleagues found an interaction between sex and
ApoE4* affecting cognitive decline in various domains such that men with 4 had greater
decline in some measures of executive function (Digit Symbol Substitution Test and Color-
Word Interference performance) and verbal memory (short delay free recall and short delay
cued recall) compared to those without the allele, and women with the allele showed greater
decline in Trail Making test performance relative to women without the allele. (Swan, et al.,
2005) In addition, a cross-sectional study by Lehmann and colleagues indicated that among
women, heterozygous ApoE genotype £3/e4 was associated with cognitive impairment in
episodic memory (OR=1.8; 95% CI:1.1-2.8), whereas among men, only homozygous
genotype e4/e4 had a dramatic and significant effect on cognition. (Lehmann, et al., 2006) In
our study, there was no statistically significant sex difference in the ApoE4 status-dementia
association in contrast to that found for decline and cognitive impairment in delayed verbal
memory and learning. This may be due to either of the following: (1) A lack of statistical
power to detect significant interactions in the Cox PH model (2) Domains other than verbal
memory and learning needed to diagnose dementia did not show sex differences in the
ApoE4 status -cognitive outcome association (3) Sex differences in the ApoE4 status-
cognitive outcome associations (other than dementia) were inverse to the hypothesized
direction for some cognitive tests such as Trails A impairment (i.e. ApoE4™" status was
positively associated with Trails A impairment only among men). Finally, most large studies
reported in the literature have observed a positive association between ApoE4* status and
poorer performance on tests of overall cognitive status, episodic memory, and executive
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functioning. The present study shows that this association also includes verbal learning and
category fluency as well as visual short-term memory and constructional ability.

ApOE genotype has been associated with a wide spectrum of neurobiological factors known
to be implicated in dementia: beta-amyloid deposition, tangle formation, oxidative stress,
lipid homeostasis dysregulation, synaptic plasticity loss and cholinergic dysfunction.
(Cedazo-Minguez, 2007) Sex and ApoE genotypes both may affect the distribution and
covariance between plasma lipids and apolipoproteins. Specifically, the heterogeneity in the
plasma lipid-apolipoprotein correlation coefficients between ApoE4* and ApoE4~ groups
was shown to be more significant among women than among men. (Reilly, et al., 1994)
Moreover, females seem to be more efficient at using Apolipoprotein E for redistributing
myelin cholesterol during nerve repair (Poirier, 1994). Additionally, both animal and human
studies demonstrate that the hippocampus, a brain region involved in memory, may be
differentially affected by sex and ApoE4™ status. For instance, in experimental studies on
rats, females that were ApoE4* compared to those who were ApoE4~ took more trials to
criterion on a passive avoidance test designed to measure hippocampal integrity. (Villasana,
et al., 2006) Among humans, the hippocampal volumes of ApoE4* early AD women were
45% smaller compared to sex matched controls, and encountered a 10% greater reduction in
volume compared with early AD men. (Juottonen, et al., 1998) Furthermore, women with
MCI and heterozygous for the €4 allele had smaller hippocampal volumes compared to
ApoE4™ women, but similar reductions were found only in homozygous (e4/ €¢4) MCI men.
(Fleisher, et al., 2005) Taken together, these findings suggest an interplay between various
plasma lipids and apolipoproteins, particularly among women, may be mediating the
association between ApoE genotype and cognitive decline. However, further studies are
needed to confirm the mechanisms in the ApoE4xsex interactions. On the other hand, some
studies suggest that sex-specific differences in longevity, perhaps involving ApoE, could
determine who is available for cognitive evaluation. Thus, early ascertainment of dementia
or cognitive decline (e.g. between ages 50 and 80) should be made to examine real sex
differences in the effect of ApoE genotype on cognition, excluding the potential competing
risk of death which is higher among men and among ApoE4™ individuals (Corder, et al.,
1995). Restricting the mean age of follow-up at which cognitive function and rate of
cognitive change was predicted to <87 years (mean age at death for men and women
combined), we found that significant ApoE4xsex interaction at an alpha level of 0.05 was
retained for most tests, particularly in the case of CVLT-delayed recall cognitive decline
(p=0.001). This interaction remained significant even after adding the variable (status=1 if
dead by end of follow-up; status=0 if alive by end of follow-up). Finally, in addition to the
previous two restrictions and adjustments, we conducted a 2-stage Heckman selection
model(Heckman, 1979) in which an inverse mills ratio was added to the logistic regression
model to account for sample selectivity in terms of baseline socio-demographic, lifestyle and
health-related variables, an approach we had applied elsewhere(Beydoun, et al., 2009). This
adjustment did not change the interaction term appreciably for CVLT-delayed recall
cognitive decline (data not shown).

Our study has several strengths. First, the frequency of follow-up was high compared to
other studies (median frequency ranged between 13 and 15 depending on the outcome),
which allowed to detect incident dementia around onset time and an accurate depiction of
cognitive trajectories with aging. Moreover, we combined linear mixed models with logistic
regression analyses to examine significant cognitive impairment and decline.

However, the BLSA is a sample of convenience; the cohort was not fixed, and recruitment
and dropout were continuous throughout the follow-up. We used statistical modeling to
mitigate the effects this might have on the final results, including survival
analysis(Freedman, 1982), restriction to younger age ranges to account of competing risk of
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death(Corder, et al., 1995), adjustment for death status in logistic models, and a 2-stage
Heckman selection model(Heckman, 1979). Furthermore, while the frequency of
observations was high, first-visit age and duration between visits varied among participants
making the data structure unbalanced in terms of follow-up. To this end, we used mixed
models to predict cognitive scores at specific ages where a large proportion of the data were
available (mean age at follow-up for each subject) and controlled for the mean age at follow-
up as well as first-visit age in the statistical models we conducted. Finally, several of our
positive findings such as significant interactions between ApoE4* and sex in predicting
cognitive decline or impairment in specific domains, may have been due to chance, residual
confounding or selection bias, while other negative findings may have been caused by lack
of adequate power (e.g. lack of sex interaction with ApoE4* in the case of Cox PH models
with dementia risk as outcome). In particular, there were no adequate data on dementia-
related therapies, which may have acted as additional potential confounders in the main
associations of interest. Thus, until those findings are replicated elsewhere, they should be
interpreted with caution.

Our study suggests that older adults with at least one ApoE ¢4 allele are at increased risk of
developing dementia and are more likely to decline or have impairments in various cognitive
domains compared to those without this allele. Our study also showed that the association
between ApoE &4 allele and cognitive decline in specific domains including verbal memory
and learning is not sex neutral because women are at higher risk compared to men when
possessing the &4 allele. Future mechanistic studies should investigate the lack of sex
neutrality in the ApoE4* and cognitive decline or impairment associations in specific
domains of cognition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Kaplan-Meier survival curve of incident dementia by apolipoprotein E epsilon 4 allele status

by sex

Abbreviations: ApoE4=Apolipoprotein E €4 allele carrier status; CI=Confidence Interval;
HR=Hazard Ratio.

Notes: Failure is defined as first incidence of dementia at or after age 50. HR is adjusted for
sex, first-visit age, education, first-visit smoking status, first-visit self-reported type 2
diabetes, hypertension, dyslipidemia, cardiovascular disease and measured body mass index.
*p<0.05 for null hypothesis that Loge(HR)=0. N=6,515 observations representing 631
participants (371 men and 260 women) n=107 failures after age 50 (64 men and 43 women).

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 17

Beydoun et al.

NIH-PA Author Manuscript

259 1'G9 1'G9 865 z€9 §.§ (6'vzs1ING>5'8T) JBIaM [ewIoN
ze z1 w7 00 z1 £0 ('8T>1INg) Wbtamiapun

%

wCezre 9T 08T @ose (e ()61 (as) ues ‘(w/b) INg
9L zL S A% z6 7's +08
z0z zer 081 8'GT 6%T 9T 6.-0L
LET 502 8T 8T 7’81 7’91 69-09
§€z 6'E T2 o€t 69 91T 6505
(1374 €61 922 102 7’92 022 6707
70T 8y 98 002 AN €67 6£-0€
g0 00 0 zo1 0L 7’6 62-12
00 00 200 €0 00 €0 0zs

. %

©Osn s (0zDres  «OVDT8S  (991) 115 (1) 0vs  (89T)€TS (as) ueay (1K) nsin-ysiy Je o6y

§'g 34 €g 09 v'e 7'S (%) erwapidiisia

59 6'G &9 9, o 0L (%) |8seasip Jejnasenolpied

6'L¢ €62 1.2 T€e 0TE 9'Ce (%) uorsuspadAH

91 T ST v'T €2 91 (%) seveqerp ¢ adAL
0T z9 XA 822 LT §T1Z ua.nD
€8¢ 0’07 8'8¢ Loy gzy Ty Jawuo
Loy PR 887 §9e zoy Ve EN

(%) snyeis Buryows

rzer  @Deor  WEITT @Iri @ITo @DTL (@s) uea :(44) uoneanp3

(%8'89) (%z'1€) (%00T1) (%592) (%5€2) (%00T1) (%) N

981 w78 0.2 98z 88 vig
_y3ody +y30dy n _y3e0dy +y30dy n
UBWOAA UsIN

T alqel

NIH-PA Author Manuscript

Buiby uo Apms feutpmibuo slownjeg :(y9=N)
sIeak oG abe JayJe 10 1. JSIA 3U0 1ses] e yum siuedioned ajgibije Buowre snyels y3ody pue xas Ag siuedioned Apnis Jo (T 1ISIA 1e) SoNsIIa1oeIeyd auljaseg

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 18

Beydoun et al.

“UOITR] LGS [BLIIR JO UOHDJBIUI |BIPIRI0AW [B1Ry-UOU ‘BiN|Iey Leay aA1ISaBuUO0d ‘8X0.1S :JISIA-1SI) Je SUORIPUOD Buimo|o) ay) Jo Aue pauioday

!

“uonNgLISIP snieis Jody Ul UBWOM PUB USLU USBMIBQ 80UBIBIHIP OU O sIsaylodAy (inu 1og Go°0>d

HH¥

"159) Nx 10 WAONY Uo paseq suoijiodold 1o sueall Ul UBWOM pue UsW Usamlag adualalp ou Jo sisaylodAy jnu oy go'0>d

x¥

‘uswiom Buouwre sueaw 10} snyels Jody UsaMlaq 8oUaIaIp ou Jo sisaylodAy |Inu ayy Joj Go'0>d
x

"uoneINeQ prepuelS=as ‘AIndIs|N=0H ‘JosaisajoyD-utslosdodi] Alsua@ YbiH=D-TAH ‘Xapu| SSeN Apog=[INg ‘Sn1els JaLiied i3] [e 3 J utsloidodijody=y30dy :suoneinaiqqy

L0€T 79z 7.1 79T 6T 6.1 (%) enuawie@
re) 156 (1) 296« (866 (yer)poor  (00Z)8'EOT  (+'ST) ZTOT (‘Ip/Bus) asoon|b ewseid Bunseq
@enoes  (seDees «~GEDTES  (onver  (69)8Tr  (€0T)0'€p (‘Ip/Bw) o-1aH
(ree)svie (e2€)ovee  (z8e) G2tz (0Ov) ¥'9Te  (G6€)2'zee  (8'6€) 8'LT¢C (‘Ip/Bw) [an3] |0J2)S31042 [E10L
@6)go. (0889 G099  (onyos  (LTD908  oT)g08  (BH wuw) anssaid pooig arjoiseiq
(cog)eser (9T Lver  (G6T)TGer  (0L1) 8921 (68T) 02T (v 1) 692 (BH wuw) aunssaud poojq o1j0isAs
(as) uesy

501 09 16 09 69 z9 (0£=1Ng) 85300

1544 Lre 6'€C 2’8 182 0'9¢ (6'6251WE>0"52) WbleMIBAO

_y3ody +y3ody _y3eody +y3o0dy 1\
UBWOAA U3\

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 19

Beydoun et al.

I 087 80
~ 1T €0z T'es 808 (z'ev> 81008) anusosed ;02> %
(65°0— ‘z¥'s-) (25€:26'0-) (12 %G6) ¢ parsnlpe-ajereAninin
b0 0T
x  (Fo1oLs (zzr) 8€s (sot) e'8¥ (s01) 0'6Y (as) ueaiy
LT 69 16¢ 8L N
(v3s17) LIAD
(9T'5!80°T) (eve 'wL0) (12 %S6) YO paisnipe-sreLieAnniA
LT 65T
6'€C gze 66T £z (" L< 2100s) 8nusatad ;,08< %
(68T ‘ev°0) (89°0 'ev'0-) (12 %S6) d parsnipe-ayeLreAn|nin
I ,OTT £T0
* (ze)tg (Lv) L9 (0e)og e v's (as) ueay
881 €8 182 88 N
1YAg
(95°€T ‘6.°T) (T2 2T°T) (12 %56) gHO parsnipe-areeAnINN
L6 LLre
x eTT zee x go1 912 (v Lz> 21005) 31nuadIad ;,0Z> %
(85°0— ‘05'T-) (70 ‘95°0-) (12 %S6) 4§ parsnlpe-areeAniny
b %80 12°0-
« (r1)ose (te)riz -~ (G0 v8e (02) 082 (as) ueay
r2 48 69 €z 9L N
3ISNIN
1 dn-moj|oy 1e abe
ueaw Je Juswiredwijuonouny aAubod payoipald
_p3o0dy +y30dy _y3s0dy +y3ody
UBWOAA UsiN

Buiby uo Apms Jeulpniibuo] atownpeg ‘snels y3ody pue xas Aq (siutod swin [e) auljosp/abueyd aAniubod pue Juswiredwijuonauny aAlIuboD

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 20

Beydoun et al.

(902) L'TY (ovn) vy (951) T'6E sty (as) ueay
9eT 19 L€2 9L N
v sired L
(88'TT '2€'T) (80 ‘T7°0) (12 %S6) YO persnipe-arereAnniA
I ,96€ €60
Lzt 9'€e 81C '€z (711> 2100s) 8|nusIad ,OZ> %
(€T'0-159'T) (29'0:12°0-) (10 %G6) ¢ parsnipe-ajerreAninn
£ 68°0- 200—
(re) g'sT (6'€) 5vT ) 0vT (se)oetT (as) ueay
6vT 2L 8re Ll N
O-14A
(eLziLyo) (L0'T '02°0) (12 %S6) O pajsnipe-ajerieAnniA
eTT %0
YT 19T 902 LT (607> 24008) 81nUBAIRd ,0Z> %
(550 'ev'1-) (ev't 'e50-) (10 9%S6) 9 parsnipe-ayerreAnniy
¥H0- 70
(5€) 9vT (6'€) 0vT (6€) v'v1 (6'€) 8'vT (as) ueay
6vT 2L 8vz Ll N
LA
(Sv'6 '6€°T) (0z'T ‘0€°0) (12 %S6) O pajsnipe-ajerieAnniA
I *No.m 090
TTT €0z £0¢ v're (98> 21005) 3|us0Iad 1y0Z> %
(61°0—-25'T-) (TT'T'62°0-) (10 %S6) 9 parsnipe-ayerreAnniy
B 880 70
(Laver (e et (ee)oor (82)eot (as) ueay
T 69 152 8L N
(1re0a. pakeap) LIAD
(#1821 '59'T) (85T 'ev0) (12 %56) YO paisnipe-ajeLieAnniA
_y3ody +y30dy _v380dy +y30dy
UBWOAA UsiN

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 21

Beydoun et al.

(9700 ‘TT0°0)

(02070 ‘0T0°0-)

(12 %S6) d parsnlpe-siereAniniy

I 8200 5000
(200)TT'0 (oT'0) ¥1°0 (Lo0) 2T (80°0) €T'0 (as) ueaiy
881 €8 182 88 N
1dA9
(68'8T !82°2) (08¢ :80°T) (12 %G6) O paisnipe-ayetieAn|nin
859 W02
7'8 zee 8'0¢ 8'€e (£0°0-> aBueyd) s|nusdlad 02> %
(¥0'0— !60°0-) (T0'0-!50°0-) (10 %S6) 9 parsnipe-ayerreAnnin
900~ €00~
(0T0)S00  (210) 100~ (800) €00 (€1°0) 100~ (as) ueay
228 69 €z 9L N
ISNIN
! dn-moj|o} J0 abe ueaw
Je auljoap/abueyd aled [enuue aAniubod paldipald
(9T'TT ¥S'T) (8%'G '60°T) (12 %S6) YO paisnipe-ajetieAniniA
ST e
9'qT ¥'82 6'€T 1'€2 (0°9¥T< 8100s) 8|nUBIAM ;08< %
(0092 '62°S) (0g'ST '€8'1-) (12 %56) d parsnipe-ajerreAninn
8081 €9
(ovv) LeoT  (€'95) G'6TT (98e) 186 (6'9v) €'L0T (as) ueay
Get L9 LeT 9L N
gasjely
(€6'7'92°0) (16'GTT'T) (1D %S6) YO pasnipe-sretieAnniA
69°0 L8572
902 67T Len 0'Te (0°25< 2100s) 8|nusdIad y08< %
(7.7 '99°€-) (9e'G'€L'T-) (12 9%S6) ¢ parsnipe-ayerreAnniN
¥5°0 87T
_y3ody +y30dy _v380dy +y30dy
UBWOAA UsiN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 22

Beydoun et al.

O-1dA

(62 ‘ev'0) (LL'TiL7°0) (12 %S6) YO paisnipe-ajerieAnniA
00T 16°0
102 6T 91T v'ee (80°0—> afueyp) ajnusdsad ,0Z> %
(zz0°0 '1¥0'0-) (£20°0 '620°0-) (12 %S6) ¢ parsnipe-ayerreAn|niN
600°0— 100°0-
(TT0) 200 (¥1°0) 100 (11°0) 100 (21°0) 10°0- (as) ueay
6vT 2L 8vz LL N
14N
(¥S'vT '62°2) (S¢'1ee0) (12 %G6) YO parsnipe-arereAnInN
I 84S €90
AN 5z 52 81z (£1°0—> abueyo) sjnusoied ;02> %
(¥00°0- ‘2€0°0-) (020°0 :200°0-) (10 %G6) ¢ parsnipe-ajerreAninn
B x8100- 9000
(S0°0) 00—  (L0°0) 60°0- (90°0) 600~  (S0°0) 60°0— (as) ueaiy
LT 69 162 8L N
(Irevaa pakejap) LAD
(z2'8'99°T) (€8'T 105°0) (12 %S6) O pajsnipe-ajerieAnniA
I L08°€ 96°0
0.1 6T 6'LC 692 (Lt'0—> abuey) ajnuaased ,0zZ> %
(800°0- ‘€€T°0-) (€00 '820°0-) (10 9%S6) 9 parsnipe-ayerreAnniy
#1400~ 110'0-
(€2°0) 92°0— (0£°0) $£'0— (92°0) 1€°0—-  (€2°0) £€°0— (as) ueay
A 69 152 8L N
(v1s17) LIAD
(55'9'15°T) (¥92:220) (12 %S6) YO paisnipe-sjeLieAniniA
LITE 't
o1 €1e e 8'1e (81°0< abuey0) ajnuz0Iad y08< %
_y30dy +y30dy _v380dy +y30dy
UBWOAA UsIN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 23

Beydoun et al.

*dnoJb xas yaes uiym (uoissaibal ansibol) (40)3607 Jo (uoisseibais S70) aId1Y302 g ‘suoniodoud ‘suesw 1oy snyeis Jody USaMIBY UBIBHHIP OU 4O SISaylodAy [Inu ay) 4oy Go'0>d
*
Mo.ﬁ_oval

159) . Aouan|4 Jana,, 10 siana ‘1sa1 Aouan|H [eqUaA="T1-14A ‘18l . Aouan|4 Alobaje),, 1o saliobiare) ‘1581 Aouan|H [eqlaA=D-14A ‘UoleINSQ pJepuelS=s ‘0neY SppO=40 ‘uoleuiwex3
911S [RIUSIN -IUIN=TSININ ‘1591 Bulutea [equaA elulojifeDd=1"TAD ‘1591 UONULIRY [eNnsIA Uoluag=1HAg ‘[eAId1U] USPIIUOD=]D ‘SNIelS Ja1LIed 3|3 [e 3 J ulsjoidodijody=yFody :suoneiraiqqy

(€2'9'60°T) (85°€ '08°0) (12 %S6) YO pajsnlpe-ayerreAnnin
L0Lc 01
96T Va4 6'€T 012 (26'T< Buey?) 8|nUsIIRd ;08< %
(PLT'T €LT°0) (8¥80 :290°0-) (12 %56) ¢ parsnlpe-ajerreAninin
££L9°0 T6€°0
« (s8T)ETO (ova)ero  ~ (LT w00 (tza)eso (as) ueay
GeT 19 L€2 9L N
asirelL
(cze wv0) (0Lvte0T) (12 %S6) YO paisnipe-arerreAlniy
61T L8712
ot 7’97 M 8Tl 0'Te (58'0< abueyo) snusdiad y,08< %
(€92°0 '102'0-) (€8v°0 :210°0-) (12 %S6) ¢ parsnipe-ayerreAnnN
T€0°0 €620
(08'0)€20 (s60)ec0  ~ (860210 (96'0) v€'0 (as) ueay
9eT 19 L€2 9L N
Vv sired L
(06'G'50°T) (€9°€ '06°0) (1D %S6) HO paisnipe-sjerreAlniy
Lr'e _181T
~ 19T v'9z ~ 622 gze (e7°0—> aBueyp) ajnusdsed y,0Z> %
(€20°0- '160°0-) (5000 !550°0-) (12 9%S6) ¢ parsnipe-ayerreAnnN
L« LS00- 620°0—
x (€1°0) 1000- (91'0)200- ~ (¥1°0) 00— (S1°0) LO'O— (as) uesiy
6vT 2L 8re Ll N
_y30dy +y30dy _v380dy +y30dy
UBWIOAA UusiN

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 24

Beydoun et al.

"Xapul ssew Apog pue aseasip Je|naseAolpled

‘uoisuauadAy ‘sa1aqelp g adA) paniodai-4[as USIA-1SIIY ‘SNIels BuIows 1ISIA-1SI1S ‘UoITeanpa ‘dn-mojjoy Je abe ueaw ‘afie 1ISIA-1SI14 0} 8pewW |0JIU0I PUR S198)4a UTeW 8} 03Ul PaIalua Xas UM ‘ainsodxa urew
8y} se snjels y30dy pue SawodIno sy} Se auljdapauswIredw o abueyd/uonoung sAINUBOd yiMm [apow uoissaifial 913s160] 10 SO dreleAl}NwW B ul Juediubis si xasxiy30dy Teys sisayodAy |inu Joy mo.onF
"X3pul ssew Apog pue aseasip JenaseAolp.Ied ‘uoisuanadAy ‘salagelp z adA) paliodal-J[as NSIA-1S1y ‘sniels Buijows NsIA-1si1y ‘uolreanpa ‘dn-moj|oy Je abe ueaw ‘afe

JISIA-1SI1J 10} PB]|0JIU0I [3pOW Y| “Xas AQ paljiielis ‘sniels y3o0dy Bulag ainsodxa urew pue auljoap aARiubod 1o uswiredwi sAniubod Buiag awoaIno Yim sjapow uoissalfial onsifo] syerieAnnw uo ummmm_m
"Xapul ssew Apog pue asessIp Je[naseAolpJed ‘uoisusliadAy ‘saraqelp g adAl paiodal-}1as JISIA-ISIL ‘Snyels Buows JISIA-1SIl) ‘uolieanpa ‘dn-mojjoy Je afe ueaw ‘abe JISIA-1S

10} PaJ]011u0d [9poW By L “Xas Aq paljires ‘snieis y3ody Bulaq ainsodxa urew pue abueyd 4o ajeJ [enuue aARIUBOI J0 uonouny aAIUBod Bulag aWo9IN0 YIIM S|apoW Uolssalfial SO areleAlNW UO ummmm_H
“(sjreiap alow Joy g xipuaddy 89S ) auljo8p Se palapIsuod sem ajiuinb 1saybiy ayl a1aym g pue v sjies |

‘194G Jo} 1daoxa S1$8) 1S0W 10} ,8U1[98p aAIIUB0I Juedlyiubls,, Se palapIsuod sem abueyd Jo axel o adojs ayp Jo ajnuInb 1samo] ay | “(1s81 aAIuBod yoes 1os dn-moj|oy Jo abke ueaw [enplAlpul pue oG abe
usamiaq "a'1) dn-moj|oy Je abe Ueaw ay} e S|apow asay} wouy paroipald osje sem abueyd Jo ajed fenuue Jo ado|s ay L Juawiredwi Se paJapIsuod sem ajnuinb 1saybiy ays aiaym g pue v sjred] ‘1 YAg 1daoxa
1591 1S0W Joy  Juawiredwi aAniubod,, se palspisuod sem 1sa} siyy uo eep yum uonejndod e103 ayy ui ajiuInb 1semoy ay L “abueyd Jeaulj-uou drrelpenb 1oj moje 03 SajqeLIeA 198))9 paxiy syl Buowe pappe abe

UuMm ‘sniers Bujows pue ‘(s1eak) uolreanpa ‘A1o1uyIa/aoR. Xas 10) Bul||011U0D [SpOW PaXIW Jeaul] aleLleAlnW e Buisn enuswiap Jo 18suo 0} Jouid dn-moyjoy 1e afe uesw 18 pa1oIpald 81am sa100s m>:_cmoo+

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2013 April 1.

Neurobiol Aging. Author manuscript



Page 25

Beydoun et al.

02T TL0
voT 12T ove 9'6¢C (9'gp> 8103s) 8|nusdIRd 02> %
(80 '6Tv-) (96°€ ‘ev'0-) (12 %6) ¢ parsnlpe-ajereAninin
50671= 9.1
(T'6) T'8S (5'01) £'95 (9'6) L'6¥ (58) 605 (@s) ueaiy
9T €9 geT TL N
(v 3s17) LIAD
(e9°€ '59°0) (622 '250) (12 %G6) YO pasnipe-syerieAn|niA
16T 60T
152 vz 122 622 (T°2< 8100s) 3|nuadIad y,;08< 9%
(660 ‘€2°0-) (zv0 '89°0-) (12 %G6) ¢ parsnlpe-aereAninin
8€°0 €10
(¥1'€) T0'S (06°2) 6¥'S (S6'2) 66'7 (6L2) 867 (as) ueay
€81 8L ee €8 N
1YAg
(€0'L '69°0) (Ir'z 15°0) (12 %56) $HO paisnipe-areLeAn|nA
02T T
11T ST 18T 18T (6'Lz> 81028) 8|nudIad (102> %
(cz0'9z'0-) (L1°0'9¢0-) (12 %G6) ¢ parsnlpe-arereAninin
200- o1’0-
(6'0) 6'82 (8'0) 0°62 (r1)98e (e'1) 582 (as) ueay
LET 19 0€Z 2] N
3ISNIN
1 dn-moj|oy 1e abe
ueaw Je Juswiredwijuonouny aAubod payoipald
y30dy +y30dy y300dy +y30dy
UBWOAA UsiN

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

Buiby uo Apms

[eurpnuBuo alowneg ‘sneis y30dy pue xas Ag (enuawap Jo 19suo 0} Joud swulod swil ) auljasp/abueyd aAnIubod pue Juswiredwiyuonauny aAniubo)

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 26

Beydoun et al.

vL'0 190
(6'v1) 628 (z'01) ¥'9¢ 1) oLe (ST TLE (as) ueay
92T 65 €2z L N
v sjred
(8L'7 'ev'0) (¥e'TL20) (12 %S6) YO paisnipe-ajerreAniniA
A 09°0
92T 60T T/ 802 (¥°2T> 21095) 8|nuadIad ;102> %
(8v'0 '56°0-) (580 '17°0-) (12 %S6) d parsnipe-ayerreAnniy
€20~ 20
(0¢) 6'sT (L2 61 (0€) vv1 (92 vvT (@s) ueay
vt 9 €z zL N
O-14A
(TL'2 vr0) (5€'T92°0) (12 %G6) O pasnipe-syerieAn|niA
(1 09°0
€l YT 002 521 (777> 21025) 3jNUBdIRd 1OZ> %
(8T°T '88°0-) (291 '¥z'0-) (12 %G6) § parsnipe-ajereAninin
ST'0 690
(s¢) 0'sT () Tst (2€) 1'v1 (5¢) v'sT (as) uesy
8eT 9 ez ) N
T-LdA
(052 :00T) (ee'1'v€0) (12 %S6) YO paisnipe-ajerieAniniA
I ~&Lc 190
86 66T R £ (T°6> 8100s) 8|nuadIad y,0Z> %
(20 %0'1-) (0z'T'51T°0-) (12 %G6) ¢ parsnipe-ajereAnInIN
0¥ 0— 250
vaver Ldeer (0e) vot (e2) 80T (as) ueay
91 €9 ez L N
(Ire2a. pakeyap) LIAD
(559 '¥2°0) (6T 19€0) (12 %S6) YO paisnipe-ajerieAniniA
yFody +y30dy y380dy +y30dy
UBWIOAA UaIN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 27

Beydoun et al.

(ST°0< 8Bueyo) enusdsed ,08< %
(12 %G6) d paisnlpe-sieLreAniniy

(as) ueay
N
1dAg
(12 %56) YO parsnipe-srereAnnIA

(#0°0-> 8Bueyd) a|usdIad y0Z> %
(12 %G6) d paisnlpe-sierreAniniy

(as) uesy
N
ISNIN
1 dn-moj|oy 1e abe

uesw puokaq suljosp/abueyd saubod paloIpaid

(19 %56) O pasnipe-sreLieAn|NIA

(Z'7ST< 8100s) 8|1IUBdIAd y{08< %

(10 %56) d peisnipe-sieLeAniniy

(as) uesy
N
asjredy
(12 %S6) YO parsnipe-srereAnnIN

(2 Lt7< 81008) 8nusdIed ;08< %

(10 %S6) d peisnipe-sieLeAniniy

1172 7'
16T 9'6Z 872 g9z
(¥20°0 ‘200°0-) (€10°0 '210°0-)
1100 0000
(900) 0T'0 (900) TT'0 (900) TT'O (900) TTO
€8T 8. 2.2 €8
(ev'6:28°0) (#8'€80°T)
_18C 0C
88 ST * v'0Z 6T
(2000 ‘022°0-) (€000 '920°0-)
010°0— 110°0—

(#0°0) 200 (v0°0) T0'0 (S0°0) 10°0—  (L0'0) 20°0—
LT 19 0€2 ZL
(09'8 :95°0) (vv'€ ‘02°0)
6TC €80
g9 g8 'S Y
(8€°0Z '35°2) (22’6 '19°6-)
LLVTT 08T
(81€)5T6  (STY) T'00T (67€€) T'E6 (0'se) z's6
€eT 65 (Y44 TL
(85°€ '€€°0) (827 '69°0)
60T LT
78T zotT 0'€T g'sT
(68°€ ‘0v'2-) (226 '€6'T-)
y30dy +y30dy y3e0dy +y30dy

UBWOAA UsIN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 28

Beydoun et al.

210°0— ¥10°0—
(60°0) €0'0—  (80°0) ¥0'0— (60°0) 900  (01°0) 80'0- (as) ueaiy
vt 9 €z zL N
O-14A
(52'0'50°0) (T8'T '87°0) (12 %G6) O pasnipe-syerieAn|nin
£810 €60
7'LT 9 €L 9'€C (20°0—> aBueyp) ajnusdsed y,0Z> %
(¥0°0 1200°0-) (810°0 '220'0-) (12 %S6) d parsnipe-ayerreAnniy
21200 200°0—
(60°0) T0°0 (80°0) €00 (80°0) 200~  (80°0) 20°0— (@s) ueay
8eT 9 ez zL N
T-14A
(5’9 '96°0) (81'T '1€°0) (12 %G6) O pasnipe-syerieAn|niA
0S¢ 090
01T 6'ST 862 52z (TT°0—> 8bueyo) ajnusoad ;,0Z> %
(¥00°0 !6T0°0-) (020°0 '€0°0-) (10 %S6) d parsnipe-ayerreAnniy
1000~ 8000
(¥0°0) 90°0—  (S0°0) 90°0— (S0°0) 80'0—-  (¥0°0) L0'0- (as) ueaiy
9T €9 €z L N
(1re0a. pakeap) LIAD
(ev'e '0L°0) (S9'T '17°0) (12 %G6) YO pasnipe-syerieAn|nin
86T €80
L0z g€z 782 6'€2 (0v"0—> abueyp) sjnueoiad ;02> %
(0200 :580°0-) (8%0°0 :250'0-) (12 %G6) ¢ parsnipe-ajereAnInIN
£€0°0— 5000
(81°0) 20— (€2°0) L2'0— (¥2°0) L2°0—- (21'0) 82°0— (as) ueay
91 €9 ez L N
(v1s17) L11AD
(St'v *00°T) (T2 '59'0) (12 %S6) YO paisnipe-ajerieAniniA
yFody +y30dy y380dy +y30dy
UBWIOAA UsIN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neurobiol Aging. Author manuscript; available in PMC 2013 April 1.



Page 29

Beydoun et al.

‘(sjreiap alow Joy g xipuaddy 93S) auljoap se patapisuod sem ajuInb 1saybiy ayy alsym g pue v sjred

‘1 49 Joj 1da0xa S1S8) IS0 10}, 8UIj98p aAIUB0D JuedlIuBis,, se palapisuod sem abueyd Jo a1el 1o adojs ay) Jo ajnuInb 1samo] ay L *(3se) aAnIUB0d yoes 1oy dn-mojjo) Jo abe uesw [enpiAlpul pue oG abe
usamiaq "a'1) dn-mojjoy 1e afe UeaW ay Je s|apoL 3say} Woly parolpaid osje sem abueyd Jo ajed [enuue Jo adojs ay | “Juswlredw se palapisuod sem ajnuInb 1sayBiy sy a1aym g pue v sjred] ‘1 HAg 1daoxa
S159) 1s0W 10}, Juswredwi aAIMUB0I,, Se paJspISU0d Sem 18] SIyl uo erep yim uoireindod [e30] syl ul ajnuinb 1semoj ay L “ebueyd Jesul|-uou drjespenb Joj MO|[e 0} S3|GeLIEA 198))8 pax1y syl Buowre pappe abe
ynm ‘snyers Buryouws pue ‘(sieak) uoireanpa ‘Aoiuyia/aoel ‘xas 10j Buijjoiuod [9pow paxiw Jeaul] aleLieARnW e Buisn eiuawsap o 19suo 0} Joud dn-mojjoy e abe uesw Je pajoIpaid alam sa109s w>:_cmoo+

*dnoJb Xas yoea uiynm (uoissaifial onsibol) (40)360o7 Jo (uoissaibal S70) WaI01Y09 ¢ ‘suopiodold ‘suesw 1oy Snjels Jody UsamIag a2usIa4Ip ou Jo SIsaylodAy [inu ayi 4oy G0'0>d
*
‘oT0>d_

19} Aouan| Jena,, Jo siene ‘1sa1 Aouan|H [equsA=T1-1dA 18] Aouan|4 A1oBs)e),, 1o saLiofiere) ‘1sa 1 Aousn|4 [eqIaA=D-14A ‘UOIBIASQ PJepuRIS=S ‘0NeyY SPPO=4O ‘uoleulwex3
3181S [RUBA--IUNA=TSININ 1581 BuluteaT [eglaA elulopfed=1TAD ‘1581 UONU3IaY [ensIA uoluag=1¥Ag ‘[eAIa1U] 30UapIIUOD=]D ‘SN1e]S JaLiIed 3j3][e #3 J utsjoidodijody=p30dy :suoielrsIqay

NIH-PA Author Manuscript

(€6 '89°0) (8v'v '250) (12 %S6) YO paisnipe-ajerreAniA
25 ST
L'S zot €9 '8 (08'2< abueyo) s|nusdlad ;,08< %
(298'0 '8.1°0-) (825°0 'v€Z'0-) (12 %S6) g parsnipe-sjerieAniniy
v2r0 10
(7'1) 90'0 (e8'T) 8€°0 (05'T) £T'0 (€9'1) 120 (as) ueay
€zt 65 €2z L N
asiredL
(zz'9:150) (08°€ :22°0) (12 %G6) YO paisnipe-ajerieAnniA
68T LT
geT 61T zsT L'6T (79°0< abueyo) ajnuadlad ,08< %
(€81°0 :2TT°0-) (062°0 :0£0°0-) (12 %56) ¢ parsnlpe-srerreAnInIA
€800 60T°0
(65°0) 8T°0 (6v°0) v1°0 (95°0) v1°0 (zs0)ez0 (as) ueay
9zT 65 €2z L N
v sires L
(tL2'2e0) (€92 '59°0) (12 %S6) YO paisnipe-ajerreAniA
76°0 0€'T
G.T §eT e 9'0¢ (z1°0—> abueyo) ajnuaased ,0zZ> %

(600°0 ‘¥€0°0-)

(2000 'G€0°0-)

y30dy +y3ody

y300dy +y30dy

(10 %36) g paisnipe-srereAn|nin

UBWOAA

uaiN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 April 1.

Neurobiol Aging. Author manuscript



Page 30

Beydoun et al.

"Xapul ssew Apoq pue aseasip JejnISeAoIp.Ied
‘uoisuapadAy ‘saleqelp g adA) paniodai-§|as 1sIA-1sal ‘snyels Bupjows USIA-ISIY ‘uoireanpa ‘dn-mojjoy Je abe ueaw ‘afe 1ISIA-1S11) J0j Spew [043U0I PUB S}I843 UTeW 8y} 01Ul PaJajua Xas YNM ‘ainsodxa urew
3y} se snjels y30dy pue S8W02IN0 Y} Se auljdapauswIredwl Jo abueya/uonouny aAlIubod Yylim [apow uoissalbal o11s1Bo) 10 SO aleLeAlNW e Ul Juediiubis s1 xasxy3ody eyl sisayiodAy (jnu Joy mo.onF

"X9pul ssew Apog pue asessip JenaseAolp.ed ‘uoisuapadAy ‘salagelp z adA) paliodal-J[as NSIA-1S1) ‘sniels Buijows HsIA-1s1y ‘uolreanpa ‘dn-mojjoy Je abe uesw ‘abe
JISIA-1S11J 10} PB|0JIUOD [9pOW B “Xas Aq palsires ‘sniels y3ody Bulaq ainsodxa urew pue auljosp aARIUBOI 10 Juswiredw aAIubod Bulag awoINO0 YIIM S[apowl Uoissaibal o13si60] arelieAlnW uo ummmm_m
"Xapul ssew Apog pue aseasip JejnaseAolpled ‘uoisusliadAy ‘saiaqelp g adA) pariodai-§1as 1SIA-1SI1y ‘sniels Buiyows HsIA-1SIl) ‘uoieanpa ‘dn-moj|oy 1e abe ueaw ‘abe JsIA-1SI1)

10} Pa]|013U0D [3pOW By “X8s Aq paiyiiens ‘snels y3ody Buteq ainsodxe urew pue abueyo Jo ales [enuue sAIuB09 1o uonouny sAIUBoD Bulsg sW02IN0 YIIM S[apoW UoIssaIBal SO 8leLIeAlNW Uo ummmmH

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2013 April 1.

Neurobiol Aging. Author manuscript



