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Context.— Although the association between Alzheimer disease (AD) and the
apolipoprotein E e4 (APOE-e4) allele has been confirmed worldwide, it appears to
be inconsistent among African Americans, Hispanics, and Nigerians.

Objective.— To investigate the association between the APOE-e4 allele and AD
in elderly African Americans, Hispanics, and whites.

Design.— Prospective, population-based, longitudinal study over a 5-year period
(1991-1996).

Setting.— The Washington Heights–Inwood community of New York City.
Participants.— A total of 1079 Medicare recipients without AD or a related dis-

order at baseline.
Main Outcome Measures.— Risk of clinically diagnosed AD in the 3 ethnic

groups and among individuals with and without an APOE-e4 allele.
Results.— Compared with individuals with the APOE-e3/e3 genotype, the rela-

tive risk (RR) of AD associated with 1 or more copies of the APOE-e4 allele was
significantly increased among whites (RR, 2.5; 95% confidence interval [CI], 1.1-
6.4), but not among African Americans (RR, 1.0; 95% CI, 0.6-1.6) or Hispanics (RR,
1.1; 95% CI, 0.7-1.6). In the absence of the APOE-e4 allele, the cumulative risks
of AD to age 90 years, adjusted for education and sex, were 4 times higher for Af-
rican Americans (RR, 4.4; 95% CI, 2.3-8.6) and 2 times higher for Hispanics (RR,
2.3; 95% CI, 1.2-4.3) than for whites. In the presence of an APOE-e4 allele, the cu-
mulative risk of AD to age 90 years was similar for individuals in all 3 ethnic groups.

Conclusion.— The presence of an APOE-e4 allele is a determinant of AD risk
in whites, but African Americans and Hispanics have an increased frequency of AD
regardless of their APOE genotype. These results suggest that other genes or risk
factors may contribute to the increased risk of AD in African Americans and
Hispanics.
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ALTHOUGH the association between
Alzheimer disease (AD) and the apolipo-
protein E e4 (APOE-e4) allele has been
confirmed worldwide, it has been found
to be weak or nonexistent among African
Americans living inNewYorkCity1-3 and
Indiana4 and among Nigerians.5 Hispan-
ics of Caribbean origin also have an in-
consistent association between AD and
the APOE-e4 allele.2,3 While other ge-
netic or environmental factors might ac-
count for the reduction in APOE-e4–re-
lated AD risks in these ethnic groups
compared with whites, none have been

identified.Thisprospectivestudywasde-
signed to compare the cumulative risk of
AD by APOE genotypes among elderly
African Americans, Hispanics, and
whites residing in a New York City com-
munity. Based on our previous cross-sec-
tionalstudies,1-3 wehypothesizedthatthe
risk of AD associated with the APOE-e4
allele would be lower for African Ameri-
cans and Hispanics than for whites.

METHODS
Subjects and Setting

Participants were healthy Medicare re-
cipients without dementia in 3 contigu-
ous ZIP codes within the community of
Washington Heights in northern New
York City. According to the 1990 census,
9349 people older than 65 years lived in
this area. The Health Care Financing Ad-
ministration provided access to a ran-
dom sample of approximately half of these

For editorial comment see p 788.

recipients. In this group, 4865 individu-
als were then divided into 37 identical
replicates, representing the demo-
graphic characteristics of the cohort,
sent a letter from the Health Care Fi-
nancing Administration explaining that
they had been randomly selected to par-
ticipate in a study of aging by investiga-
tors at Columbia University, New York,
NY. Subsequently, it was determined
that 470 (9.7%) had died, 896 (18.4%) no
longer lived in the region, 47 (1%) were
ineligible, and 1324 (37%) did not wish to
participate. The frequency of participa-
tion did not differ by sex or subsample.
The proportions of individuals within
each ethnic group, as identified from
Health Care Financing Administration
records, differed only slightly between
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the total sample and those who partici-
pated (total sample: African American,
35.4%; Hispanic, 35.4%; white, 29.2%;
participants: African American, 35.2%;
Hispanic, 38.9%; white, 25.8%).

For the 2128 subjects who partici-
pated in the initial phase of the study, a
90-minute, in-person interview of gen-
eral health and function was completed.
This structured interview also included
questions about years of formal educa-
tion and lifetime occupation. The inter-
view was followed by a standardized
clinical assessment, including a medical
history, physical and neurologic exami-
nation, and brief (approximately 1 hour)
neuropsychological battery previously
developed for use in this community.6,7

These same clinical assessments were
used in the annual follow-up of all par-
ticipants.Thisstudywasconductedfrom
1991 through 1996. The interviews were
conducted in either English or Spanish.
The Columbia University Institutional
Review Board reviewed and approved
this project. All individuals provided
written informed consent.

Diagnosis
The data from the initial and follow-up

examinations and interviews and any ex-
isting medical records and imaging stud-
ies were used at a consensus conference
ofphysiciansandneuropsychologiststoes-
tablish diagnoses. The APOE genotypes
were never available to the clinicians dur-
ing the diagnostic process. The diagnosis
of dementia or the specific clinical diagno-
sis of AD was based on standard research
criteria8(pp205-224),9 and required evidence of
cognitive deficit on the neuropsychologi-
cal test battery as well as evidence of im-
pairment in social or occupational func-
tion. Patients who met the criteria9 for
probable or possible AD with a clinical de-

mentia rating (CDR) scale (range, 0-5)
score of 0.5 or higher10 were considered to
have a clinical diagnosis of AD.

Ethnic Group
Ethnic group was classified by self-

report using the format of the 1990 US
Census.11 Individuals were then asked
whether they were of Hispanic origin. Us-
ingthis information, individualsweresepa-
rated into 3 ethnic groups: African Ameri-
can (non-Hispanic), Hispanic, or white
(non-Hispanic). Individuals were also
askedto identifythecountryoftheirbirth.

Family History Assessment
A structured family history interview

for AD and other neurologic disorders in
first-degree relatives (parents and full
siblings) was conducted directly with
each participant at the first interview.12

APOE Genotyping
Genomic DNA was amplified by poly-

merase chain reaction and subjected to
CfoI restriction analysis using APOE
primers and conditions modified from
those described by Hixson and Vernier.13

Data Analysis
Demographic characteristics were

compared using x2 tests for categorical
variables and analysis of variance for con-
tinuous variables.14 Age, ethnic group,
and education were compared among
those who did and did not develop AD.
APOE allele frequencies were deter-
mined by counting alleles and calculating
sample proportions. APOE allele fre-
quencieswerecomparedamongindividu-
alswhodidanddidnotdevelopADaswell
as between ethnic groups using x2 tests.

The Cox proportional hazards model15

was used to compute the relative risks
(RRs) of AD. As recommended for longi-

tudinal investigations,16 the time-to-
event variable was age at onset of AD,
which required no further age adjust-
ment. Among those who did not develop
AD, we right-censored the age at death
or the age at the last examination. Sur-
vival analysis was used to plot the cumu-
lative incidence of AD at each age inter-
val.Proportionalhazardswereestimated
for APOE genotypes with and without
an e4 allele and adjusted by education,
ethnic group, and sex. A second series of
proportional hazards models was strati-
fied by the presence or absence of an
APOE-e4 allele to estimate the relative
risk by ethnic group using whites as the
reference. Proportional hazards models
were stratified by the median number of
years of formal education. Subsequent
proportionalhazardsmodels includedad-
justments for a family history of an AD-
like dementia; a medical history of hyper-
tension, myocardial infarction, or head
injury; and a history of smoking. Martin-
gale methods were used to check the pro-
portional hazards assumption.17

RESULTS
Among the 2128 individuals inter-

viewedatbaseline,392(18.4%)werefound
to be demented, 155 (7.3%) died after the
initial examination, 122 (5.7%) refused to
have genotyping performed, and 237
(11.1%)refusedsubsequentfollow-up.The
proportions of individuals who were de-
mented at baseline differed among the 3
ethnic groups (African Americans, 24%;
Hispanics, 18%; whites, 11%; P,.001), as
did the proportions of those who died af-
ter the baseline evaluation (African
Americans, 12%; Hispanics, 4%; whites,
9%; P,.001). Compared with Hispanics,
a higher proportion of African Ameri-
cans and whites refused genotyping (4%
vs 7% and 8%, respectively; P,.001) or
were unavailable for follow-up (8% vs 15%
and 16%, respectively; P,.001). We also
found 25 individuals (1.2%) with Parkin-
son disease, 117 (5.5%) with stroke, and 1
with both Parkinson disease and stroke.
Onlystroke wasmore frequent among Af-
rican Americans than either Hispanics or
whites (15% vs 7.8% and 8%, respec-
tively; P,.001). This left 1079 healthy el-
derly (731 women and 348 men) without
dementia available for this follow-up in-
vestigation.

The mean age of the participants at
the beginning in this investigation was
75.3 (SD, 5.8) years and the mean years
of education was 8.6 (SD, 4.4). The ethnic
distribution of the cohort by self-report
differed from that provided by the
Health Care Financing Administration.
Among the 1079 healthy elderly, 16.8%
described themselves as African Ameri-
can,61.2%asHispanic,and22%aswhite.

Table 1.—APOE Allele Frequencies by Ethnic Group Among Individuals Who Did and Did Not Develop
Alzheimer Disease*

Ethnic Group APOE
Total No.
of Alleles

No. (%)†

Healthy Alzheimer Disease

African Americans 362 256 (70.7) 106 (29.3)

e2 38 26 (10.2) 12 (11.3)

e3 251 177 (69.1) 74 (69.8)

e4 73 53 (20.7) 20 (18.9)

Whites 474 428 (90.3) 46 (9.7)

e2 35 30 (7.0) 5 (10.9)

e3 377 344 (80.4) 33 (71.7)

e4 62 54 (12.6) 8 (17.4)

Hispanics 1322 1032 (78.1) 290 (21.9)

e2 115 91 (8.8) 24 (8.3)

e3 1019 796 (77.1) 223 (76.9)

e4 188 145 (14.1) 43 (14.8)

*The distribution of APOE allele frequencies differed significantly only by ethnic group (x2=13.5, df=4, P=.009).
Within each group, there were no significant differences in allele frequencies between individuals who did or did not
develop Alzheimer disease.

†For ethnic groups, the denominator for the percentages is the total number of alleles. For allele frequencies, the
denominator for the percentages is the total number of alleles in the healthy or Alzheimer disease category for that
ethnic group.
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The majority (84%) of those identified as
HispanicwereofCaribbeanorigin,while
the remainder were from Mexico and
Central America. The mean duration of
follow-up was 2.4 (SD, 1.2) years (range,
1-5 years).

Probable or possible AD developed in
221 individuals (20.5%) over the follow-
up period. Both probable and possible
AD occurred significantly more fre-
quently among African Americans and
Hispanics than among whites (probable
AD: 10.5%, 7.6%, and 3.4%, respectively;
possible AD: 18.8%, 14.4%, and 6.3%, re-
spectively; x2=26.4; P=.001). The indi-
viduals who developed AD were older at
the initial interview and had less educa-
tion than those who did not develop AD
(age: 78.0 [6.5] vs 75.3 [5.8] years; edu-
cation: 6.2 [4.5] vs 8.6 [4.4] years; P=.001
for both). The proportions of men and
women who developed AD were similar.

APOE allele frequencies differed sig-
nificantlybetweenethnicgroups(P=.009)
but were not significantly different be-
tween those who developed AD and those
who remained free of dementia (Table 1).
However, using the APOE-e3/e3 geno-
type as the reference, the RR of AD to age
90 years associated with APOE-e4 homo-
zygosity was significantly increased (RR,
2.8; 95% confidence interval [CI], 1.3-
6.0), while that associated with APOE-
e4 heterozygosity was not elevated (RR,
1.1; 95% CI, 0.8-1.6). Adjustment for eth-
nic group and years of education did not
change the point estimates.

The distribution of APOE genotypes
also differed significantly by ethnic
group (x2= 23.5, df=10, P=.009) (Table
2). Using the APOE-e3/e3 genotype as
the reference, the RR of AD to age 90
years associated with 1 or more APOE-
e4 alleles was increased for whites (RR,
2.5; 95% CI, 1.1-6.4) but not for African
Americans (RR, 1.0; 95% CI, 0.6-1.6) or
Hispanics (RR, 1.1; 95% CI, 0.7-1.6).
There were too few individuals with the
APOE-e4/e4 genotype within each eth-
nic group to derive a meaningful inde-
pendent RR estimate (Table 2).

In a second analysis we examined dif-
ferences in disease risk across ethnic
groupswithinspecific APOEgenotypes.
Among individuals with 1 or more
APOE-e4 alleles (APOE-e4/e4, -e4/e-2,
and -e4/e3), there was no significant dif-
ference in the RR of AD to age 90 years
for African Americans and Hispanics
compared with whites (African Ameri-
cans: RR, 1.6; 95% CI, 0.7-3.8; Hispanics:
RR, 0.8; 95% CI, 0.4-1.9), even after ad-
justment for education and sex. Thus,
thecumulativeriskofADtoage90years
among individuals with an APOE-e4 al-
lele was similar for all 3 ethnic groups.

When the analysis was repeated, re-
stricted to individuals without an

APOE-e4 allele (APOE-e3/e3, -e2/e3,
and -e2/e2), the relative risk of AD to age
90 years, adjusted for education and sex,
was significantly higher for African
Americans (RR, 4.4; 95% CI, 2.3-8.6) and
Hispanics (RR, 2.3; 95% CI, 1.2-4.3) than
forwhites.Similarresultswereobtained
when the analysis was restricted to in-
dividuals with the APOE-e3/e3 geno-
type (African Americans: RR, 4.3; 95%
CI, 2.0-8.9; Hispanics: RR, 2.2; 95% CI,
1.2-4.3). Figure 1 illustrates that among
individuals without an APOE-e4 allele,
the cumulative incidence of AD to age 90
years was significantly higher among
African Americans and Hispanics than
among whites (log-rank test, P,.001).

To determine if differences in educa-
tion might account for the apparent in-
creasedriskofADamongAfricanAmeri-
cansandHispanicscomparedwithwhites
for individuals without an APOE-e4 al-
lele, we recalculated RRs for AD by eth-
nic group among individuals with the

APOE-e3/e3 genotype, adjusting for the
number of years of education. The RRs
for AD among African Americans and
Hispanics were identical to the previous
estimates, implying no interaction be-
tween ethnic group and education.

The frequency of a family history of
dementia differed slightly but not sig-
nificantly across the 3 ethnic groups (Af-
rican Americans, 15%; whites, 18.7%; His-
panics, 18.3%; x2=0.6, P=.7) and across
APOE genotypes. A history of hyper-
tension was more frequent among Afri-
can Americans (63.5%) and Hispanics
(61.7%) than among whites (46%) (x2=8.5,
P=.001), but this was not associated with
the development of AD when entered as
a covariate in the proportional hazards
model. When family history of an AD-
like illness, medical history of myo-
cardial infarction or head injury, and
history of smoking were added to the
model, these likewise had no effect on
the risk of development of AD.

Table 2.—Incidence of Alzheimer Disease (AD) by APOE Genotype and Ethnic Group*

Ethnic Groups *

APOE Genotype, No. (%)

e3/e3 e2/e3 e2/e2 e4/e2 e3/e4 e4/e4

African Americans
Not demented 59 (46) 15 (12) 2 (2) 7 (5) 44 (34) 1 (1)

Incident AD 26 (49) 7 (13) 2 (4) 1 (2) 15 (28) 2 (4)

Whites
Not demented 135 (63) 28 (13) 0 2 (1) 46 (21) 3 (1)

Incident AD 13 (57) 2 (9) 1 (4) 1 (4) 5 (22) 1 (4)

Hispanics
Not demented 314 (61) 65 (13) 4 (1) 18 (3) 103 (20) 12 (2)

Incident AD 87 (60) 18 (12) 1 (1) 4 (3) 31 (21) 4 (3)

*The distribution of APOE genotypes differed significantly by ethnic group (x2=23.5, df =10, P=.009).
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Figure 1.—Cox proportional hazards model of the cumulative incidence of Alzheimer disease to age 90 years
among individuals with the apolipoprotein E (APOE)–e3/e3 genotype by ethnic group, controlled for educa-
tion. In this analysis, patients with both mild and moderate disease (clinical dementia ratings of 0.5 and 1)
were included as cases. The differences between African Americans and Hispanics vs whites were signifi-
cant (log-rank test, P,.001).
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Individuals who developed AD dur-
ingfollow-upincludedpatientswithboth
mild (CDR score, 0.5) and more ad-
vanced(CDRscore,1)disease.Thenum-
ber of patients with mild disease (n=144)
might have influenced the differences
between ethnic groups, because diag-
nostic accuracy may be less than optimal
in the initial stage of the disease. We re-
calculated the RRs, reclassifying pa-
tients with mild disease (CDR score, 0.5)
as free of dementia. Figure 2 illustrates
the difference in cumulative incidence of
AD to age 90 years by ethnic group
among individuals with and without an
APOE-e4 allele (log-rank test, P=.001).
Among individuals with an APOE-e4 al-
lele, African Americans and Hispanics
hadaslightlybutnotsignificantlyhigher
riskofADtoage90yearscomparedwith
whites (AfricanAmericans:RR,1.9;95%
CI, 0.3-9.5; Hispanics: 1.4; 95% CI, 0.3-
6.9). However, among individuals with-
out an APOE-e4 allele, both African
Americans and Hispanics had a signifi-
cantly higher risk of AD to age 90 years
compared with whites (African Ameri-
cans: RR, 4.4; 95% CI, 1.6-12.4; Hispan-
ics: RR, 2.3; 95% CI, 1.0-6.1).

COMMENT
African Americans and Hispanics

with an APOE-e4 allele were as likely as
whites with an APOE-e4 allele to de-

velop AD by age 90 years in this study of
elderly individuals. However, in the ab-
sence of an APOE-e4 allele, African
Americans and Hispanics were 2 to 4
times more likely than whites to develop
AD by age 90 years. This increase in risk
was not related to differences in educa-
tion or the presence of a family history of
an AD-like dementia. While hyperten-
sion was more frequent among African
Americans and Hispanics than among
whites, it was not related to the risk of
AD. These observations provide evi-
dence that, in addition to the APOE-e4
allele, previously unidentified genes or
other risk factors may contribute to the
etiology of AD among African Ameri-
cans and Hispanics.

Gurland et al18,19 reported a relative
increase in the prevalence and incidence
rate of AD and other dementias among
African Americans and Hispanics com-
pared with whites in this community.
Differences in the prior educational ex-
perience of individuals in these ethnic
groups could have influenced psycho-
metric testing for dementia.20 However,
Gurland et al19 also observed a parallel
decline in activities related to daily func-
tion among individuals with mild and
moderate dementia compared with
those who remained free of dementia.
Because we used the same diagnostic
assessments, it is unlikely that the

differences between ethnic groups in
the frequency of AD reported here
are the result of inappropriate diag-
nosis among African Americans and
Hispanics.

Since the first report of an association
between the APOE-e4 allele and AD, the
association has been confirmed by inves-
tigators throughout the world.21-27 In-
deed, APOE-e4 has emerged as one of the
most important risk factors for AD. There
have been rare exceptions; we1-3 previ-
ously reported a weaker association be-
tween AD and APOE-e4 among African
Americans and Hispanics compared with
whites in this community. In contrast,
Hendrie et al25 found an increased risk of
AD associated with APOE-e4 among a
small group of African Americans in In-
diana, but no association between AD and
APOE-e4 was observed among Nigeri-
ans.5 In a subsequent study4 of African
Americans in Indiana, the association be-
tween APOE-e4 and AD was greatly re-
duced, similar to our earlier observa-
tions. Farrer et al28 recently completed
a worldwide meta-analysis of the rela-
tionship between APOE-e4 and AD us-
ing numerous published and unpub-
lished studies. They concluded that
APOE-e4 was an important determi-
nant of AD risk for men and women af-
ter age 60 years. They also confirmed that
APOE-e4 was strongly related to AD risk
among whites and Asians but that the re-
lationship among African Americans and
Hispanics remained comparatively in-
consistent and weak, supporting our ear-
lier findings.

Previous studies of AD and APOE-e4
have computed risks using a reference
genotype, such as APOE-e3/e3. It is pos-
sible that previous observations of an at-
tenuated APOE-e4 association among
African Americans and Hispanics re-
sulted from an increase in the frequency
of AD among individuals with other
APOE alleles.

A slight increase in AD risk associ-
ated with the APOE-e2 allele has been
observed among individuals with early-
onset disease,29 and we previously re-
ported an association between this allele
and AD among African Americans and
Hispanics.2 van Duijn et al29 attributed
the increasedriskofADamongindividu-
als with the APOE-e2 allele to a survival
effect. Scott et al30 reported no associa-
tion between AD and the APOE-e2 al-
lele, but they used a cross-sectional de-
sign that could not examine the effects of
survival. While there is no consensus,31

the APOE genotype may influence sur-
vivalamongpatientswithAD.32 Thepro-
spectivenatureofourstudylessenedthe
possibility of a survival effect, but we
draw no firm conclusions regarding the
effect of the APOE-e2 allele on AD risk
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Figure 2.—Cox proportional hazards model of the cumulative incidence of Alzheimer disease to age 90 years
among individuals with and without an apolipoprotein E (APOE)–e4 allele by ethnic group, controlled for
education. Only patients with moderate disease (clinical dementia rating of 1) were classified as cases, while
patients with mild disease (clinical dementia rating of 0.5) were reclassified as free of dementia. Among in-
dividuals with and without an APOE-e4 allele, the differences between African Americans and Hispanics vs
whites were significant (log-rank test, P=.001). Among individuals with an APOE-e4 allele, African Ameri-
cans and Hispanics had a slightly but not significantly higher cumulative incidence of Alzheimer disease to
age 90 years vs whites (African Americans: RR, 1.9; 95% confidence interval [CI], 0.3-9.5; Hispanics: RR,
1.4; 95% CI, 0.3-6.9). Among individuals without an APOE-e4 allele, both African Americans and Hispanics
had a higher cumulative incidence of Alzheimer disease to age 90 years than whites (African Americans:
RR, 4.4; 95% CI, 1.6-12.4; Hispanics: RR, 2.3; 95% CI, 1.0-6.1).
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because of the low frequency of this
allele in the study population.

Two studies, one autopsy-based33 and
the other clinical,34 have previously com-
pared the rates of AD among African
Americans and whites in the United
States. De la Monte et al33 reported that
AD was significantly more frequent
among whites than African Americans
at autopsy, but the pathologic criteria
for AD and multi-infarct dementia were
not described, and diagnoses were sim-
ply recorded from existing reports. In a
clinical study,Bohnstedtetal34 foundthe
rates of AD to be comparable among Af-
rican Americans and whites once differ-
ences in education were considered. We
adjusted for education as a continuous
variable and also stratified by the me-
dian, but the higher risk of AD in the
absenceof theAPOE-e4allelepersisted.
Still, some unmeasured socioeconomic
factors or cultural attributes may con-
tribute to the higher frequency of dis-
ease observed in this study.

This study is not without limitations.
One is the lack of autopsy confirmation
of AD. The presence of an APOE-e4 al-
lele in whites with probable or possible
AD increases the likelihood of confirma-
tion of the diagnosis.35 No similar data
were available for African Americans or
Hispanics. However, a slight decrease in
the accuracy of diagnosis would not ac-
count for the 2-fold to 4-fold differences
amongpatientswithouttheAPOE-e4al-
lele. Because fewer Hispanics were un-
available for follow-up or refused geno-
typing, a larger number were included
in the study, which could have contrib-
uted to the higher observed frequency of
AD in this group. We do not favor this
explanationfor2reasons: (1)Therewere
significantly more Hispanic than white
patients with prevalent AD at baseline,
which supports the findings in the pro-
spectivestudy. (2)TheproportionsofAf-
rican Americans and whites who were
unavailable for follow-up or who refused
genotypingwerecomparable,yetthecu-

mulative risk of AD was significantly
higher among African Americans.

Our results suggest that as African
Americans and Hispanics age, the fre-
quency of AD in these populations may
increase disproportionately. The elder-
ly Hispanic population in the United
States has been increasing more rapidly
than that of other ethnic groups.36 Be-
cause of the decline in function and the
expense related to AD, identification of
other genetic and environmental deter-
minants of this disease among African
Americans and Hispanics is an impor-
tant next step.
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