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Abstract

Background: Most, but not all, past studies have suggested
thatthe APOE genotypeis arisk factor for dementiain whites
but not African Americans. This paper first describes ex-
planations as to why some studies may have failed to detect
the effect of APOE genotype in African American samples.
Briefly, studies have been limited by various methodological
problems including small sample sizes, dichotomous mea-
sures of cognitive functioning (which tend to be less sensi-
tive to change), and racial bias in assessing demented status.
Objective: This paper suggests methods for increasing the
likelihood that genuine racial differences will be identified
when examining genetic risk factors. Further, we test our
model of racial differences in the relationship of APOE geno-
type and cognitive decline (CD) in a large prospective com-
munity sample. Methods: Building on the work of Fillen-
baum and colleagues [J Am Geriatr Soc 2001;49:1148-1155],
we used data from the Duke EPESE study collected in four
waves over a 10-year period (n = 2,076) to illustrate methods
which may better assess racial differences in the influence of
the APOE ¢4 allele on CD. We used multilevel models for re-
peated measures to examine racial differences in partici-

pants’ increase in errors on a continuous measure of cogni-
tive functioning as they aged. Results: We found the APOE
g4 allele to predict CD for both African Americans and whites.
Having at least one ¢4 allele predicted more cognitive errors
at wave 1 and a faster rate of decline for both African Amer-
icans and whites over time. While African Americans experi-
enced a faster rate of CD than whites, there was no addition-
al increase in CD from being both African American and a
carrier of the ¢4 allele. Conclusion: The study points to sev-
eral common methodological issues that arise when exam-
ining racial differences in genetic influences on health-re-
lated outcomes. Further, the study’s results highlight the
importance of including both African Americans and Cauca-
sians in research concerning the contribution of APOE geno-
type to CD. Copyright © 2008 S. Karger AG, Basel

Introduction

Many older adults demonstrate some degree of cogni-
tive decline (CD) over time. Nonetheless, CD is a risk fac-
tor for developing mild cognitive impairment [1, 2] that
may even progress to dementia [3, 4]. Among older adults,
estimates of mild cognitive impairment range from 3 to
22% [4, 5] and researchers have estimated the rate of con-
version from mild cognitive impairment to dementia
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over a 2- to 4-year period to range from 23 to 51% [5, 6].
Various factors, including genetic and environmental
variables, have been identified as potentially contributing
to this process of CD.

One demonstrated risk factor for developing Alzhei-
mer’s disease (AD), the most common type of dementia,
is the &4 allele of the apolipoprotein E (APOE) gene [7-9].
However, there is some evidence that the APOE genotype
does not predict AD among African Americans, i.e., sev-
eral studies have shown that the APOE &4 allele is associ-
ated cross-sectionally with the presence of AD in whites
but notin African Americans, and that longitudinally the
APOE &4 allele is predictive of change from nondement-
ed to demented status in whites but not in African Amer-
icans. In the current paper we review studies examining
racial differences in the influence of the APOE genotype
on cognitive functioning, and identify methodological
factors that may have obscured the effect of APOE geno-
type in African American populations. These method-
ological problems include inadequate sample size, the use
of dichotomous rather than continuous measure of cog-
nitive functioning, possible racial bias in measures of
cognitive assessments, and statistical methods that are
not suited to modeling racial differences in the rate of
change over time.

Several studies have found APOE genotype to influ-
ence cognitive functioning in whites but not African
Americans. In biracial samples, Tang et al. [10] and Evans
et al. [11] used longitudinal designs in which they mea-
sured participants’ change from nondemented to de-
mented status as determined by a clinical interview and
neurological examination, over the course of a 4.1- and a
5-year period, respectively. Tycko et al. [12] used a cross-
sectional design in which they evaluated the incidence of
AD among an elderly population of whites, Caribbean
Hispanics, and African Americans. In all three studies,
APOE genotype predicted developing AD for whites but
not for African Americans.

Such studies detecting no effect of APOE genotype
among African Americans were based on relatively
smaller sample sizes (e.g., <1,000 African Americans).
In contrast, studies finding APOE genotype to influence
cognitive functioning in African Americans had rela-
tively large samples of African American participants.
For example, a study using a large biracial sample (the
MIRAGE data set, n = 2,793 African American partici-
pants) [13] found APOE genotype to be a risk factor for
AD among both whites and African Americans. A re-
cent meta-analysis examining relationships between
genotype and various genetic diseases [14] found that
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such large sample sizes may be required to detect the ef-
fect of genetic variants on any complex disease, and an
even larger sample may be required where environmen-
tal or racial differences create heterogeneity among the
patient population, or where misdiagnosis is a serious
concern.

Apart from concerns of sample size, one additional
explanation relates to measurement bias in the assess-
ment of cognitive functioning. Measures of cognitive
functioning have been, for the most part, normed using
white samples and are strongly influenced by education
[15, 16]. Researchers have found that false-positive rates
for dementia on standardized screening tests are higher
for African Americans than for whites when compared
with a neurologist’s rating of cognitive status [17, 18].
Thus, higher false-positive rates for diagnosis of AD
among African Americans may have obscured the influ-
ence of APOE genotype.

The power to detect the influence of the APOE &4 al-
lele on CD to AD may be further reduced when using
dichotomous rather than continuous measures, i.e., ex-
amining the presence or absence of dementia, or examin-
ing change from nondemented to demented status, may
be a less sensitive measure of change than examining an
increase in the number of errors on a cognitive measure
over time (i.e., continuous measures). Whereas some
studies have shown that the APOE &4 allele is associated
cross-sectionally with dementia for whites but not Afri-
can Americans, and is predictive of change over time
from nondemented to demented status in whites but not
African Americans, few studies have examined racial
difference in the influence of the APOE &4 allele over
time on continuous scores of cognitive functioning. Thus,
possible explanations for the failure to identify an effect
of the APOE &4 allele on CD among African Americans,
in the studies described above, include the relatively small
samples, as well as possible racial bias in cognitive assess-
ment coupled with the use of a dichotomous measure of
cognitive functioning and consequently lower statistical
power to detect change.

Additionally, there are other factors that may contrib-
ute to obscuring the influence of APOE genotype on cog-
nitive functioning. There is some evidence that rates of
cognitive impairment [19-21] and AD [3, 4] are greater in
African Americans than in whites [22]. This may be re-
lated to the higher prevalence in African Americans,
compared to whites, of some risk factors. Specifically,
lower income, fewer years of education, less literacy, and
physical functioning and health problems, including vas-
cular or related diseases [23], are more common among
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African Americans and influence CD [22]. Thus, the in-
fluence of lower socioeconomic status (SES) and greater
health-related problems found in older African Ameri-
cans compared to Caucasians may mask the predictive
effect of APOE genotype by generally increasing the in-
cidence of diagnosed AD in the African American popu-
lation. Thus, it is important to control for such variables
in analyses examining racial differences in the effect of
APOE genotype on CD. Moreover, it is of interest to note
thatin cross-sectional studies restricted to African Amer-
ican samples (thus decreasing between-group variability
on SES and health variables) researchers have been more
likely to find an association of APOE genotype and AD
[24-26].

Accordingly, in the current study, we employ several
methods to increase our ability to detect the influence of
APOE genotype on CD. These methods include the use
of prospective data, a continuous measure of cognitive
functioning, a large biracial sample of community-dwell-
ing older adults in which African Americans were over-
sampled, multilevel growth curve models, the use of age
(rather than arbitrary year of data collection) as our time
metric, and controlling for variables that may influence
racial differences in CD, including indices of SES and
physical and health functioning variables.

Data for this study were derived from the Duke Estab-
lished Populations for Epidemiologic Studies of the El-
derly (EPESE) [27], a population survey of persons 65
years and older. In the current study, we prospectively
examined racial differences in the influence of the APOE
4 allele on CD using a series of multilevel growth curve
analyses. This allowed us to examine the influence of the
APOE &4 allele on CD with increasing age at four waves
over a 10-year period, while controlling for indices of SES
(income, education, literacy) as well as health function-
ing.

It is important to note that a previous study based on
waves 3 and 4 of these data found APOE genotype to
predict change from nondemented to demented status
regardless of race [1]. The current study adds to these
findings (1) by directly comparing racial differences in
the rate of change in cognitive functioning over a 10-
year period and (2) by examining the potential interac-
tions of race and the APOE &4 status on the rate of
CD.

In this regard, multilevel growth curve analyses have
several advantages over methods used to examine this
phenomenon in past studies. First, they allow for the in-
clusion of participants with some missing data, resulting
in a larger sample size than previous analyses using this
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data set. Moreover, multilevel growth curve analyses al-
low for an examination of the rate of change in cognitive
functioning with each year of aging, among carriers and
noncarriers of the APOE &4 allele. This is a more fine-
tuned measure of the effect of APOE genotype on CD
than likelihood of change from nondemented to dement-
ed status between study waves. We predicted that APOE
genotype would predict CD for both whites and African
Americans.

Methods

Participants

Data were derived from the Duke EPESE [27], an epidemio-
logicinvestigation of physical, psychological, and social function-
ing of community-dwelling older adults. The North Carolina
sample consisted of community residents selected from five con-
tiguous counties. Data were collected in four in-person interviews
over a 10-year period. The wave 1 study was conducted in 1986-
1987 (n = 4,162, 54.3% African American), and follow-up inter-
views were conducted in 1989-1990 (wave 2, n = 3,559, 54.6%
African American), 1992-1993 (wave 3, n = 2,840, 55% African
American), and 1996-1997 (wave 4, n = 1,767, 53.5% African
American). APOE genotype was obtained at wave 3 (see more de-
tail below). The sampling design has been described in detail pre-
viously [27]. Briefly, the study used a probability sample of 4,162
community residents. African Americans were oversampled. We
include in the current study only participants for whom we have
data on race and genotype and at least one assessment of cognitive
functioning. Even though individuals contributing only one data
point cannot contribute information to change over time, their
data nevertheless contribute to estimation of the intercept, and
thus the results are more precise and comprehensive for their in-
clusion.

Control Variables

Several variables have been found to be associated with CD
among the elderly; therefore, it was important to control for such
variables in the analyses. These variables include demographic
variables (age, gender), socioeconomic variables (income, edu-
cation, literacy), health variables [e.g., diabetes, high blood pres-
sure (HBP), heart attack, stroke], and physical functioning
[22].

Measures

Demographics

A comprehensive demographic section assessed gender, years
of education, family income, and race of participants.

Cognitive Functioning

Cognitive functioning was assessed by the 10-item Short
Portable Mental Status Questionnaire (SPMSQ) [28] at wave 1
(Cronbach’s a = 0.74), wave 2 (Cronbach’s a = 0.74), wave 3 (Cron-
bach’s a = 0.93), and wave 4 (Cronbach’s a = 0.96). The SPMSQ
is a brief (10-item) measure of global cognition. For example,
items assessed knowledge of day, date, and current president.
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Unlike some other studies that dichotomized the SPMSQ, in this
study participants’ errors across items were summed to form a
continuous scale (0-10 errors) with higher scores indicating more
difficulty.!

Physical Functioning

Three items from the Rosow-Breslau Functional Health Scale
[29] were used at wave 1 to assess physical functioning. These
items concerned participants’ ability to do heavy housework,
walk up and down stairs, and walk one-half mile (1 = ‘no, 2 =
‘yes’). Responses were summed, with lower scores indicating
poorer functioning (Cronbach’s a = 0.79).

Health Problems

Participants were asked at wave 1 whether a physician had in-
formed them that they had certain health problems, including
heart attack, diabetes, hypertension, stroke, and hip fracture. For
each problem responses were coded: 1 = ‘no’, 2 = ‘possibly’, 3 =

< >

yes'.

Assessment of Genotype

At the third in-person interview (wave 3), 6 years after wave 1,
blood was drawn from subjects who gave consent (1,999 of the
2,840 participants were genotyped at this time). Approximately 4
years later, cheek swabs were sought from survivors who had not
undergone the blood draw (an additional 77 participants were
genotyped at this time).

APOE genotype was determined by DNA extraction and poly-
merase chain reaction, as described previously and in specific de-
tail by Fillenbaum et al. [1]: High-molecular-weight DNA was ob-
tained from whole blood, and crude DNA extract was obtained
from buccal cheek swabs. Genomic DNA was amplified by poly-
merase chain reaction. An initial denaturation was followed by 35
cycles of annealing in the final extension. After amplification,
5 U of Hha I was directly added to each well, and the plates were
incubated for at least 3 h at 37°C. Type III stop dye was added to
each well, and 3 pl of each reaction was loaded on a 6% nondena-
turing polyacrylamide gel and electrophoresed for 1 h under con-
stant current (45 mA). After electrophoresis, the DNA was visual-
ized by staining with SyberGold (FMC) (Whittaker Bioproducts,
Walkersville, Md., USA) followed by fluorography. Each fluoro-
gram was read independently by two observers.

Inthe current study, participants were divided into two groups,
those who had at least one APOE &4 allele and those who had no
£4 allele. We included in the analyses all participants with infor-
mation on genotype and race and at least one cognitive score. All
participants with genotype information also had information on
race and at least one cognitive score and were, therefore, included
in the analyses. Thus, of those who participated at wave 3 (n =
2,840), 2,076 of the participants were included in the analyses

I Racial differences in SPMSQ scores may be due in great part to racial

bias in testing. To control for this bias, other studies have adjusted SPMSQ
score by race. That is, in defining a cut score for probable dementia, differ-
ent cut scores were identified for blacks and whites. While this racial bias in
testing may explain initial differences on the SPMSQ for blacks and whites,
examining change over time is not subject to the same problems of ra-
cial bias. As we examined each participant’s change over time, rather than
cross-sectional differences, baseline differences are already controlled in
the design.

Racial Differences in the Influence of
APOE &4 on Cognitive Decline

Table 1. Description of the sample by race at time 1

Sampleas  White African F P
a whole American  statistic
(n=2,076) (n=961) (n=1,115) orx?
Race, %
Caucasian 46.3 - - - -
African
American 53.7
Gender, %
Male 349 35 34.9 0.016  0.899
Female 65.1 65 65.1
Age, years 71.6 71.4 71.81 0.283  0.595
Education, years ~ 9.01 10.4 7.81 237.53 <0.001
Income, USD 11,487.22 15,825.90 7,747.78 342.83 <0.001
Literacy, % 139.17 <0.001
Literate 89.5 95.7 84.4
Illiterate 10.5 4.3 15.6
Heart attack, % 1.99 0.37
No 87.6 86.5 88.6
Maybe 2.7 2.9 24
Yes 9.7 10.5 9.0
Stroke, % 13.37  0.001
No 94.8 96.1 93.7
Maybe 0.6 0.9 0.4
Yes 4.5 2.9 5.9
Diabetes, % 46.57 <0.001
No 82.4 87.9 77.6
Maybe 2.7 2.9 2.5
Yes 14.9 9.2 19.9
HBP, % 56.76 <0.001
No 43.1 51.8 35.6
Maybe 32 32 32
Yes 53.7 45.0 61.2
Physical function
problems 0.62 0.53 0.7 15.14 <0.001
APOE &4 allele, % 53.32 <0.001
Absent 68 76.1 61.1
Present 32 23.9 38.9

(50.4% of those who participated at wave 1). As having an 4 allele
is associated with earlier age of mortality [30] and might, there-
fore, have caused differential attrition prior to genotyping, ab-
sence of genotype information was likely not random. We, there-
fore, performed additional analysis to address this issue.?

Assessment of Literacy

Our assessment of literacy has been described in detail previ-
ously [22]. Briefly, interviewers assessed participants’ literacy
based on their ability to read several pieces of written information
given to them during the interview.

2 To examine the influence of missing genotype data on the study’s cur-

rent findings, we reanalyzed the data with all participants missing a geno-
type characterized as having the £4 allele. Consistent with our study’s find-
ings, results of these analyses showed that the g4 allele predicted CD, and
did so for both African Americans and whites.
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Procedures for Analyses

First, the effect of age on growth of cognitive errors was exam-
ined. Second, race was added as a predictor in the analyses to ex-
amine the impact of race on growth of cognitive errors with in-
creasing age. Finally, the effect of APOE genotype on growth of
cognitive errors with increasing age was examined, controlling
for demographics, health functioning, and SES (education, liter-
acy, income), and we tested for an interaction of race and geno-
type on growth of cognitive errors.

Results

Planned Analyses

We first provide descriptive statistics for the sample as
awhole and for African American and white participants
on key variables (table 1). Then, we conducted multilevel
growth curve analyses to examine the effect of race and
genotype on growth of cognitive errors with increasing
age.

Descriptive Analyses

Among the sample, 46.3% were white, 32.9% were
male, and the average age at wave 1 was 71.6 years (SD =
6.7). Among the participants, 32% had at least one €4 al-
lele. In our sample African Americans were more like-
ly than whites to carry the 4 allele [38.9 vs. 23.9%; x?
(d.f. = 1,n=2,076) = 53.32, p < 0.01]. The validity of the
genotyping is indicated by the concordance of the allele
frequency with Hardy-Weinberg equilibrium for the
sample as a whole [x?(d.f.=3,n=2,076) = 7.21, p>0.25],
for the white participants only [x* (d.f. =3,n=961) = 4.83,
p>0.25], and for African American participants only [x?
(d.f.=3,n=1,115) = 5.97, p > 0.25].

African Americans, compared to whites, were also
more likely to be illiterate [15.6 vs. 4.3%; x> (d.f. = 1,n =
2,076) = 72.9, p < 0.001], to have fewer years of education
[7.8 vs. 10.4; F(1,2075) = 237.53, p < 0.001], to have a low-
er income [USD 7,747 vs. USD 15,825; F(1,2075) = 342.83,
p < 0.001], and to have more physical functioning prob-
lems [0.7 vs. 0.53; F(1,2069) = 15.14, p < 0.001], stroke [5.9
vs. 2.9%; x? (d.f. = 2, n = 2,076) = 13.37, p = 0.001], diabe-
tes [19.9 vs. 4.2%; x? (d.f. = 2,n = 2,074) = 46.57, p<0.001],
and HBP [61.2 vs. 45%; x? (d.f. = 2, n = 2,076) = 56.76,
p < 0.001].2

Multilevel Growth Curve Analyses

Multilevel growth curve analyses were used to exam-
ine the growth in cognitive errors with increasing age
(10 years with four data point collections). We used
MLwiN 2.02 [31] to specify a multilevel model of change,
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Fig. 1. Longitudinal change in SPMSQ errors with increasing age
in participants with and without the APOE ¢4 allele. As partici-
pants age, errors on the SPMSQ increase at a faster rate in those
with the APOE ¢4 allele than in those without the allele. Since
there were no differences by race, separate curves by race are not
included.

treating wave as the level 1 unit nested within person as
the level 2 unit [32]. This analysis permitted us to esti-
mate individual differences in CD as a function of age
and to assess whether variability in decline could be pre-
dicted by key variables while controlling for demograph-
ic variables. The influences of race and of APOE geno-
type on the growth of cognitive errors, controlling for
age, were examined, as well as the interaction of race and
genotype. In the first set of analyses, we fit a model that
estimated linear change in CD for every person. The
participants were included in the unconditional multi-
level growth curve analyses if they had an APOE geno-
type, at least one score on the SPMSQ, and race and age
information.

We first estimated a null model. The null model con-
tains no predictors, and is intended only to partition vari-
ance in CD into between-person and within-person com-
ponents. The level 2 covariance matrix, therefore, con-
sists only of the intercept variance (7(p), whereas the
level 1 residual variance is denoted o2. We found that
variability in number of errors was split almost evenly
between levels, with an estimated within-person vari-
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Table 2. Parameter estimates and significance tests for multilevel growth models

Model Point  SE z p Model Point  SE z p
estimate estimate

Null model Age, allele, and race as predictors, allele X race interaction
Intercept 2.289 0.033  69.364 <0.0001  Intercept 1.613 0.043 37.512 <0.0001
Intercept variance 2.364 Age 0.095 0.005 19 <0.0001
Residual variance 3.025 Allele 0.582  0.077 7.558  <0.0001

. . Age X allele 0.056  0.009 6.222  <0.0001
Age as predictor (fixed slope) Ingtercept variance 2.106
Intercept 2.367 0.032 73969 <0.0001 Slope variance 0.018
Age 0.146 0.003  48.667 <0.0001 Intercent-sl . 011

, pt-slope covariance 0.
Intgrcept variance 3.046 Residual variance 1.352
Residual variance 2.524
Age as predictor (random slope) Age, allgle, and race as predictors, all two- and three-way
interactions

Intercept 2.336 0.033  70.788 <0.0001 Intercept 1.095  0.057 19211 <0.0001
Age . 0.139 0004 3475 <0.0001 4, 0072 0.007 10.286 <0.0001
Intercept variance 3.223 Allele 0445 0118 3771  0.0002
Slopevarfance -~ 0.017 Race 1078 0082 13.146  <0.0001
Intercept-slope covariance 0.169 Age X allele 0064 0015 4267 <0.0001
Residual variance 2.101 Age X race 0044 001 44  <0.0001
Age and race as predi(;tors Allele X race -0.092 0.152 -0.605 0.545
Intercept 1.783 0.045 39.622 <0.0001 Age X allele X race -0.026 0.019 -1.368 0.1712
Age 0.138  0.004 34.5 <0.0001  Intercept variance 1.718
Race 0.993  0.057 17.421 <0.0001  Slope variance 0.017
Intercept variance 2.873 Intercept-slope covariance  0.101
Slope variance 0.017 Residual variance 1.372

Intercept-slope covariance 0.16
Residual variance 2.116

Age and race as predictors, age X race interaction

Intercept 1.724  0.048 35917 <0.0001
Age 0.123  0.006  20.5 <0.0001
Race 1.104  0.065 16.985 <0.0001
Age X race 0.028 0.008 3.5 0.0005
Intercept variance 2.885

Slope variance 0.017

Intercept-slope covariance 0.16

Residual variance 2.114

Age and allele as predictors

Intercept 1.675  0.042  39.881 <0.0001
Age 0.113  0.004  28.25 <0.0001
Allele 0.363  0.068 5.338  <0.0001
Intercept variance 2.019

Slope variance 0.019

Intercept-slope covariance 0.113
Residual variance 1.354

Age, allele, and race as predictors, allele X race interaction

Intercept 1.231 0.053  23.226  <0.0001
Age 0.11 0.004 275 <0.0001
Allele 0.202  0.102 1.98 0.0477
Race 0.92 0.073  12.603 <0.0001
Allele X race 0.003  0.132 0.023 0.9819
Intercept variance 1.716

Slope variance 0.018

Intercept-slope covariance 0.104
Residual variance 1.375

Racial Differences in the Influence of
APOE &4 on Cognitive Decline

ability of 62 = 3.025 and a between-person variability of
Too = 3.264 (intraclass correlation = 0.519, indicating that
51.9% of the variability was between subjects). Age was
entered as a predictor (grand mean centered at age = 77)
in a random-intercept fixed-slope model. With no co-
variates, errors increased by an average of ¥;o = 0.146
(SE=0.003,z=48.67, p<0.0001) per year of age. We then
assessed the degree to which the rate of CD varied across
individuals by freely estimating the slope variance (T}; =
0.017) and the intercept-slope covariance [T;; = 0.169, Ax?
(d.f.=2)=796.94,p<0.0001, i.e., there was alarge amount
of individual variability in CD]. Race was added as a lev-
el 2 predictor, yielding a significant slope (o = 0.993,
SE=0.057,z=17.42,p<0.0001), with African Americans
making about one more error than whites on average at
age = 77. Additionally, there was a significant interaction
of age and race (Y59 = 0.028, SE = 0.008, z = 3.50, p =
0.0005), meaning that the increase in errors was signifi-
cantly steeper for African Americans than for whites.
The gap in mean errors widened by 0.028 per year of age.
African Americans made more errors on average and
demonstrated more rapid CD.
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APOE genotype was examined as a predictor of CD.
Having the &4 allele led to an average of (y,o = 0.363,
SE =0.068, z = 5.34, p < 0.0001) more errors, controlling
for age but not for race. We tested the interaction of APOE
genotype and race (controlling for age). Race and geno-
type independently predicted errors, controlling for age,
but there was no interaction of the two factors (Y4 =
0.003, SE = 0.132, z = 0.023, p = 0.982). We investigated
the presence of a two-way age-by-APOE genotype inter-
action with CD and found it to be significant (3 = 0.056,
SE = 0.009, z = 6.22, p < 0.0001), such that individuals
with the APOE genotype suffer greater CD than those
without it. Figure 1 illustrates the growth in cognitive er-
rors over time by APOE genotype. Finally, we examined
whether APOE genotype interacted with race to predict
CD (essentially a three-way interaction of race, genotype,
and age), but found no significant effect (y;o = -0.026,
SE =0.019, z = -1.37, p = 0.171).

In a second step, indices of SES (literacy, years of edu-
cation, and income), health variables (stroke, diabetes,
HBP), and physical functioning were added as covariates
in the model. The effects of APOE genotype and race re-
mained significant, but were diminished when these fac-
tors were taken into account. The parameter estimates
and significance tests for the multilevel growth models
are summarized in table 2.

Discussion

Many scientists hold the belief that the APOE ¢4 allele
is a risk for CD and AD in whites but not African Amer-
icans. In the current study, building on the work of Fil-
lenbaum et al. [1], we found that APOE genotype predict-
ed CD for both African Americans and whites, with car-
riers of the €4 allele making more cognitive errors on
average. Importantly, we found no racial differences in
the influence of APOE genotype on CD. African Ameri-
cans did experience faster rates of CD, but there was no
interaction of APOE genotype and race, and when indi-
ces of SES and health variables were controlled in the
analyses, this discrepancy was diminished.

Our methods of analysis illustrate some improve-
ments in methodology compared to past studies. First, by
comparing growth in cognitive errors over time, rather
than a dichotomous change in demented status, we used
a more sensitive metric than many previous studies have
used. Second, our analyses examined changes in cogni-
tive errors by age rather than by wave; thus the time met-
ric over which CD unfolds is age rather than arbitrary
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wave of study. Previous studies combined individuals of
different ages into the same wave, introducing variance
due to differing rates of decline at different ages. This, in
combination with a large sample size in which African
Americans were oversampled, made it possible to better
detect the potential predictive effect of APOE genotype
for each racial group and to examine the amount of CD
expected with each year of age for carriers and noncarri-
ers of the APOE &4 allele.

The results of our study have clear implications for di-
agnosis and treatment of AD. By identifying persons who
are at risk but have not yet developed AD, it would be pos-
sible to pinpoint the neurodegenerative processes that
lead to the disease but occur in the preclinical phase [33].
Moreover, the APOE genotype, in combination with
complaints of subjective memory impairment, is a reli-
able indicator of AD [34]. Thus, identifying both African
American and white individuals with the APOE &4 allele
and subjective memory complaints offers a potential
method of detecting persons at higher risk for AD.

Whereas there were no racial differences in the influ-
ence of the APOE genotype on CD, there are other envi-
ronmental and behavior variables that may influence the
racial differences in CD observed in this and other studies
[see 22] and that may be modifiable. Exercise and diet are
important environmental factors that can help to attenu-
ate or delay the clinical manifestation of CD and dementia.
For instance, engaging in leisure time physical activity in
midlife has been shown to protect against later CD [35].
Some studies have found that African Americans engage
in less leisure time physical activity than whites, although
this relationship is mediated by level of education [36, 37].
Further, dietary differences between African Americans
and whites have been demonstrated, which may also con-
tribute to racial differences in conditions associated with
vascular-related diseases - e.g., obesity [38] and diabetes
[39] - that contribute to an increased risk for CD.

Thus, addressing exercise and dietary behaviors may
be an important strategy in lowering risk factors for CD,
especially for African Americans. In evaluating this
study, several limitations should be considered:

First, this study used a brief measure of cognitive func-
tioning, the SPMSQ, rather than a more comprehensive
diagnostic interview. Whereas the SPMSQ has been
shown to be a reliable and valid measure of cognitive
functioning, it is a 10-point scale and has limited differ-
entiation. Thus, the measure may have failed to detect
more subtle cognitive difficulties, and instead may have
detected only moderately advanced to severe impair-
ment. Therefore, our measure may have obscured possi-
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ble racial differences in the influence of the APOE geno-
type on cognitive functioning by failing to detect early
and less severe CD. Additionally, this may limit the ap-
plicability of our study to populations of elders with mod-
erately advanced to severe dementia.

Second, some participants already had a high number
of errors at wave 1. For these participants our 10-point
scale allowed only a limited increase in errors over time,
as they already approached the maximum number of er-
rors at wave 1. We fitted a parsimonious linear model to
all participants, and those beginning with a high number
of errors would have flatter slopes over time, due to this
limitation of our measure rather than to lack of decline.
Therefore, this might serve to obscure the effect of APOE
genotype on CD. However, as less than 1% of the partici-
pants had >6 errors on the SPMSQ at baseline, the influ-
ence of these participants is limited.

Third, the participants’ health status was measured
using single-item self-report measures in which partici-
pants were asked whether a physician had informed them
that they had certain health problems. This method de-
pends upon the participant’s ability to correctly remem-
ber that he or she has a particular health problem, and
thus might lead to inaccuracies or underreporting of
health problems among persons with memory deficits.
Further, as the APOE &4 allele may increase the risk of
some health problems associated with CD, the relation-
ship between APOE genotype and CD may be explained
in part by unreported physical health problems. Howev-
er, it is important to note that studies have found that ob-
jective measures are the strongest predictors of single-
item self-report measures of health among the elderly
[40] and that such single-item self-report measures have
good reliability [41] and validity [42] in this population.

Further, some of the participants experiencing CD
were probably doing so for reasons unrelated to APOE
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genotype (e.g., due to stroke or alcohol-related demen-
tias), but were still included in the analyses. These par-
ticipants would have experienced significant CD in the
absence of the 4 allele, and thus likely served to obscure
the effect of APOE genotype on CD.

One further consideration is possible selection bias in
our sample. We were only able to assess APOE genotype
for participants who survived until wave 3. As there is
some evidence that APOE genotype may affect health
and mortality [43], it is possible that persons with the
APOE &4 allele were more likely to die prior to genotyp-
ing [44]. However, we examined this possibility in an
analysis in which we assumed that all persons who died
before genotyping were carriers of the £4 allele. Findings
continued to support the influence of APOE genotype on
CD, regardless of race.

This study examined the effect of the APOE &4 allele
on CD over a 10-year period in a community-dwelling
population of African American and white older adults.
Using multilevel growth curve analyses to examine par-
ticipants’ increase in errors on a measure of cognitive
functioning with increasing age, we found having at least
one &4 allele predicted more cognitive errors at baseline
and a faster rate of decline for both African Americans
and whites. The study’s results highlight the importance
of including both African American and Caucasian par-
ticipants in studies of the relationship of APOE genotype
and CD. Future studies of the causes and treatment of
AD will likely target persons who are carriers of the
APOE &4 allele. It is vital that such studies include both
African Americans and Caucasians in their sample.
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