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To investigate whether mortality risk is in-
fluenced by apolipoprotein E (APOE) geno-
type and whether the risk differs by
ethnicity, we compared the mortality risk
in 2,112 individuals > 65 years of age resid-
ing in northern Manhattan in New York.
Mortality risks associated with the APOE
genotype, adjusted for sex, high-density
lipoprotein (HDL), low-density lipoprotein
(LDL), and triglycerides, differed signifi-
cantly by ethnic group. Among Caucasian
and Hispanics, the E2/E3 genotype was as-
sociated with the lowest mortality risk in
the multivariate Cox proportional hazards
modeling, adjusted for lipid levels, whereas
mortality risk did not differ substantially
between the E4/E3 and E3/E3 genotypes.
Among African-Americans, the E2/E3 geno-
type was not associated with the lowest
mortality risk, but the E4/E3 genotype was.
Adjustment for heart disease, diabetes, and
stroke reduced mortality risk associated
with each genotype by about 50% for all
ethnic groups, but the patterns remained
the same. Although we cannot rule out the
possibility of a healthy survival bias, our
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analyses designed to examine healthy survi-
val by comparing risk of mortality in groups
who were younger or older at entry do not
support this possibility. Our findings sug-
gest that the APOE genotype is associated
with mortality and that the genotypic risks
differ by ethnic group. Nearly 50% of the
mortality risk associated with the APOE
genotype appears to act through major
chronic diseases, but those diseases only
partially explain the mechanism by which
the genotypic risk acts. To better under-
stand the observed ethnic differences in
mortality risk by genotype, a detailed pro-
spective study is needed to examine the
relationships among APOE, other candidate
genes, health conditions, and eventual
death. © 2001 Wiley-Liss, Inc.
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INTRODUCTION

Human longevity is the outcome of a complex inter-
play between genetic and environmental influences
[Finch and Tanzi, 1997]. According to twin studies, the
genetic contribution to longevity in humans is esti-
mated to be between 23% and 35% [Herskind et al.,
1996; Ljungquist et al., 1998]. Several studies have
examined whether the apolipoprotein E (APOE) gene
influences longevity, since the APOE E4 allele has been
shown to increase the risk of age-related diseases, such
as Alzheimers disease [Corder et al., 1993; Tang et al.,
1998] and cardiovascular diseases [Davignon et al.,
1988]. To date, the relationship of the APOE genotype
to longevity is not well understood, especially in differ-
ent ethnic groups. In a group of French centenarians,
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the APOE E2 allele frequency was elevated and the E4
allele frequency was lowered, compared with a younger
comparison group, suggesting that the E2 allele
enhances longevity, whereas the E4 allele leads to
mortality [Schachter et al., 1994]. Similar elevated E2
allele frequencies were observed in Japanese centenar-
ians and Finnish centenarians [Hirose et al., 1997;
Louhija et al., 1994]. However, in other populations,
including Canadian, British, and Italian octogenarians
and a randomly chosen Han Chinese population, the
frequency of the E2 allele was similar in the older and
younger cohorts, and the frequency of the E4 allele was
not consistently lower in the older cohort [Davignon
et al., 1988; Galinsky et al., 1997; Bader et al., 1998;
Jian-Gang et al., 1998]. To further elucidate the role of
APOE in mortality and to examine differential effects
in different ethnic groups, we studied the risk of
mortality associated with the APOE genotype in
Caucasians, Hispanics, and African-Americans, while
controlling for risk factors that may influence an
individual’s survival.

MATERIALS AND METHODS
Subjects

We studied 2,112 individuals who were > 65 years of
age and residing in northern Manhattan in New York.
A detailed description of the ascertainment and re-
cruitment procedure is presented in an earlier paper
[Tang et al., 1998]. Briefly, 5,403 individuals were
randomly selected from a pool of 9,349 healthy
Medicare recipients residing in northern Manhattan
in New York. Of 5,403 individuals, 1,951 were ineligible
because they were deceased, had moved from the
designated study area, did not speak English or
Spanish, or were not reachable. Two individuals
appeared twice in the database under different
names. Of the remaining 3,450 eligible subjects, 2,126
(62%) participated in the study. Here we included
2,112 individuals who reported their ethnicity as
non-Hispanic Caucasian (n=447), non-Hispanic
African-American (n =733), or Hispanic (n =932). This
classification of ethnicity conformed to the 1990
U.S. Census categories. At the time of study entry,
each individual was interviewed about their general
health and functional status and was given medical,
physical, and neurological examinations and a battery
of neuropsychological tests [Stern et al., 1992]. The
same clinical assessments were administered annually
from 1991-1998. The Columbia University Insti-
tutional Review Board reviewed and approved the
project.

Outcomes

We obtained vital status from the follow-up inter-
views and from the National Death Index. Information
on cause(s) of death was obtained from the relatives of
the deceased and was augmented with additional
information (e.g., medical records, autopsy reports,
etc.) when available. Chronic health conditions were
determined during the annual clinical examinations.

Throughout the follow-up period, clinicians were
blinded to the APOE status of the subjects.

APOE Genotyping

Genomic DNA was amplified by PCR and subjected to
Cfol restriction analysis using APOE primers and
conditions modified from those described by Hixson
and Vernier [1990].

Statistical Methods

We used a y? test to compare allele frequencies be-
tween surviving and deceased individuals [Sokal and
Rohlf, 1995]. We then computed cumulative survival
probability associated with APOE using the Kaplan-
Meier estimator and multivariate Cox proportional
hazards modeling. For the Kaplan-Meier estimator, we
computed cumulative survival probability within each
ethnic group. Subsequently, we computed mortality
risk for nine ethnic-genotype groups using multivariate
Cox proportional hazards modeling. We chose to
include three genotypes (E2/E3, E3/E3, and E4/E3),
because they represent 94% of the subjects, as well as a
clear dose-response relationship in which each geno-
type reveals the additive effect of alleles 2-4, while
holding constant the effect of having one E3 allele.
Because APOE has been shown to modulate lipoprotein
levels, we used multivariate Cox proportional hazards
modeling to estimate mortality risks associated with
the APOE genotype, adjusting for age, sex, high-
density lipoprotein (HDL), low-density lipoprotein
(LDL), and triglycerides. We then used a Cox propor-
tional hazards model to estimate mortality risk,
adjusting for chronic health conditions associated with
increased mortality, namely heart disease, stroke, and
diabetes. If the APOE genotype affects mortality risk
first by influencing lipid levels and subsequently by
influencing risks for diabetes, heart disease, and
stroke, the rate ratios associated with APOE should
be reduced significantly when those conditions are
included in the multivariate model, since they would be
mediating risk factors. In the Cox proportional hazards
models, age was classified as age at death for deceased
individuals and age at the time of last interview for
surviving individuals. To account for a possible healthy
survivor bias, we ran additional Cox proportional
hazards models stratified by age at entry into the study
(75 vs. >75 years). All analyses used SPSS for
Windows (version 9) [SPSS, 1998].

RESULTS

Table I shows the distribution of demographic
characteristics and the APOE genotype of the study
participants within each ethnic group. There were
twice as many women as men participating (69.3% vs.
30.7%), and the difference in sex ratio was observed
consistently across ethnic groups. The largest number
of participants identified themselves as Hispanic
(44.1%), followed by African-American (34.7%) and
Caucasian (21.2%). A total of 456 subjects (21.6%) were
reported to be deceased after they entered the study,
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TABLE I. Demographic and Apolipoprotein Characteristics of the Participants by Ethnicity™

Total Caucasians Hispanics African-Americans

Variable N % N % N % N %
Sex

Male 648 30.7 152 34.0 285 30.6 211 28.8

Female 1,464 69.3 295 66.0 647 69.4 522 71.2
Vital status

Deceased 456 21.6 104 23.3 173 18.6 179 24.4

Surviving 1,656 78.4 343 76.7 759 81.4 554 75.6
Education (years)

<6 787 37.3 55 12.3 572 61.4 160 21.9

7-11 655 31.0 110 24.6 252 27.1 293 40.0

>12 668 31.7 282 63.1 107 11.5 279 38.1
Age at entry

(years)

<75 1,046 49.5 197 44.1 494 53.0 355 48.4

>75 1,066 50.5 250 55.9 438 47.0 378 51.6
Apolipoprotein

genotype

E4/E4 29 2.1 5 1.8 14 2.1 10 2.2

E3/E4 328 23.8 60 22.1 135 20.5 133 29.6

E3/E3 800 57.9 169 62.1 415 63.0 216 48.0

E2/E4 40 2.9 3 1.1 14 2.1 23 5.1

E2/E3 171 12.4 34 12.5 76 11.5 61 13.6

E2/E2 13 0.9 1 0.4 5 0.8 7 1.6

*Restricted to self-reported Caucasians, Hispanics, and African-Americans.

and 1,656 remained alive. Overall, the distribution of
education level divided roughly by one-third among <6
years, 7-11 years, and >12 years; however, the
proportion of individuals with <6 years of education
was much higher in Hispanics than in other ethnic
groups. The mean age at entry into the study was 75
years. This table also shows the distribution of APOE
alleles; overall, the E3/E3 genotype was most common
(57.9%), followed by the E4/E3 genotype (23.8%) and
the E2/E3 genotype (12.4%). Further, the E3/E4
and E2/E4 genotype frequencies were somewhat
higher in African-Americans than in Caucasians and
Hispanics.

Table II shows that, in Caucasians, the E2 allele
frequency was nearly fourfold higher in surviving
individuals than in deceased individuals (X?=3.9,
P =0.048; the E3 allele as the reference group), while
in Hispanics, the E2 allele frequency was twofold
higher (X2=4.4, P=0.037; the E3 allele as the
reference group). In African-Americans, however, the
E2 allele frequency was equally high in both surviving
and deceased individuals (10.9% vs. 11.0%; X2=0.1,
P =0.739; the E3 allele as the reference group), but the
E4 allele frequency was higher in surviving individuals
(X2=4.9, P=0.027; the E3 allele as the reference
group). Among surviving individuals, the E4 allele

TABLE II. Allele Frequency by Vital Status Within Ethnic Group

Allele frequency

Allele Total (%) Surviving individuals (%) Deceased individuals (%)
Caucasians (n=>544) (n=456)* (n=288)
E2 7.2 8.1 2.3
E3 79.4 78.3 85.2
E4 134 13.6 12.5
Hispanics (n=1,318) (n=1,118) (n=200)
E2 7.6 8.2 4.0
E3 79.0 78.4 82.5
E4 134 134 13.5
African-Americans (n=900) (n="1736) (n=164)
E2 10.9 10.9 11.0
E3 69.5 68.2 75.6
E4 19.6 20.9 134

®n represents the number of alleles, not individuals.
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frequency was higher in African-Americans than in
Caucasians or Hispanics.

Among Caucasians and Hispanics, the same pattern
of cumulative survival probability was observed with
increased survival for those with the E2/E3 genotype,
compared with those with the E3/E3 and E4/E3
genotypes (P=0.0602 for Caucasians; P=0.1144 for
Hispanics) (Fig. 1). Among African-Americans, the
pattern differed from those in Caucasians and Hispa-
nics in that the E4/E3 genotype was associated with
the highest cumulative survival probability, while the
E3/E3 genotype was associated with the lowest
(P=0.0791). Because mortality risk, an inverse of
cumulative survival probability, was different for
African-Americans than for Caucasians and Hispanics
in general, we computed mortality risk by creating nine
genotype and ethnicity groups using the Caucasians
with the E2/E3 genotype as the comparison group. This
group was chosen as the reference group because they
had the lowest mortality risk.

Figure 2 shows that mortality risks associated with
the APOE genotype—adjusting for sex, HDL, LDL, and
triglycerides—differ by ethnic group (model 1, solid
bars). Among Caucasians and Hispanics, the E2/E3
genotype was associated with the lowest mortality risk
(Caucasians, RR=1.0, reference group; Hispanics,
RR=2.1, 95% CI=0.4-10.9), and mortality risk did
not differ substantially between E3/E3 and E4/E3
genotypes (Caucasians, RRg3g3=5.5, 95% CI=1.3-
23.6 and RRgyr3=4.7, 95% CI=0.9-24.14; Hispanics,
RRg3/r3=5.6,95% CI=1.3-23.4 and RRgy/r3 =6.4, 95%
CI=1.5-28.1). Compared with Caucasians with the E2/
E3 genotype, African-Americans showed consistently
elevated risk of mortality; however, the pattern of
genotypic risk was different than among Caucasians or
Hispanics. African-Americans with the E3/E3 genotype
had the highest risk (RR=9.6, 95% CI=2.3-41.3),
while the E4/E3 genotype was associated with the
lowest mortality risk (RR=4.2, 95% CI=0.9-19.5),
followed by the E2/E3 genotype (RR=7.0, 95%
CI=1.5-32.5).

Adjustment for chronic health conditions that
increase mortality (heart disease, diabetes, and stroke)
reduced relative risk of mortality associated with each
genotype by about 50% for all ethnic groups (model 2 in
Fig. 1, hashed bars), but the patterns remained the
same. That is, among Caucasians and Hispanics, the
E3/E3 and E4/E3 genotypes were associated with two-
to threefold increased risk (Caucasians, RRgsgs=3.3,
95% CI=0.8-14.0 and RRgyg3 =2.2, 95% CI =0.5-10.7;
Hispanics, RRg3rs=3.6, 95% CI=0.9-14.7 and RRgy,
E3=3.6,95% CI =0.8-15.3). Among African-Americans,
however, relative risk of mortality was lowest for
individuals with the E4/E3 genotype (RR=2.4, 95%
CI=0.5-10.7), followed by the E2/E3 genotype
(RR=3.7, 95% CI=0.8-16.9) and the E3/E3 genotype
(RR=4.8, 95% CI=1.2-20.0).

Results from our stratified analyses by age at entry to
account for possible healthy survivor bias did not
showed significant changes in mortality risk associated
with the APOE genotype. For example, for Caucasians,
the risk ratio for the E3/E3 genotype changed from 5.5
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. Model 1
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Fig. 2. Mortality risk by APOE and ethnic group. Model 1 includes APOE ethnic group, sex, HDL, LDL, and triglycerides in the Cox proportional
hazards model. Model 2 includes APOE ethnic group, sex, heart disease, stroke, and diabetes.

to 5.4 after stratification; that for the E4/E3 genotype
changed from 4.7 to 4.6 after stratification. For African-
Americans, the risk ratio for the E2/E3 genotype
changed from 7.0 to 7.4; that for the E3/E3 genotype
changed from 9.6 to 7.9; that for the E4/E3 genotype
changed from 4.2 to 3.7. We were unable to examine
the relationship between genotype and cause of death

due to a small number of cases with known causes of
death.

DISCUSSION

We found that the influence of the APOE genotype on
mortality varies by ethnic group. Among Caucasians
and Hispanics, mortality risks associated with the E2/
E3 genotype were lower than mortality risks associated
with either the E4/E3 or E3/E3 genotypes. In contrast,
among African-Americans, the E2/E3 genotype was not
associated with low mortality risk. In the three ethnic
groups, the E4/E3 genotype was not associated with

increased risk of mortality; among Caucasians and
Hispanics, mortality risks were comparable with those
for the E4/E3 and E3/E3 genotypes, while among
African-Americans, mortality risks were somewhat
lower in those with the E4/E3 genotype than in those
with the E3/E3 genotype.

We observed lower mortality risk associated with the
E2/E3 genotype in Caucasians and Hispanics, but not
in African-Americans. Previous studies show an incon-
sistent relationship between mortality risk and APOE.
Among French centenarians, Schachter et al. [1994]
found the E2 allele frequency to be higher than that in
the 20-70 year old cohort (12.8% vs. 6.8%, respectively).
Similarly, others observed high E2 allele frequencies in
Japanese centenarians [Hirose et al., 1997], Swedish
elderly (age > 60 years of age) [Eggertsen et al., 1993],
and the U.S. non-Black 65- to 90-year-old cohort
[Cauley et al., 1993], compared with younger compar-
ison groups. On the other hand, Bader et al. [1998]
observed a lower E2 allele frequency in a health cohort
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of >80-year-old Italians than in younger (20-70 years
old) cohorts. In other populations, including Canadian
and British octogenarians and a randomly chosen Han
Chinese population, however, the E2 frequency did not
differ significantly between the older and younger
cohorts [Davignon et al., 1988; Galinsky et al., 1997;
Jian-Gang et al., 1998]. The basis for these differences
may be related to different ascertainment strategies
and potential differences in known risk factors, such as
sex, lipids, and health conditions. In our earlier report,
we observed lower LDLs in individuals with E2 alleles
in all three ethnic groups [Pablos-Mendez et al., 1997].
Taken together, these findings suggest that individuals
with an E2 allele may have lower risk of mortality
because they have lower LDL and thus lower risk of
cardiovascular disease. In support of this hypothesis,
we found that rate ratios for mortality were reduced by
approximately 50% when chronic health conditions
were included in the model, but the differences between
African-Americans and Caucasians or Hispanics per-
sisted. This suggests that the protective effect of the E2
allele is only partly explained by its relationship to
disease risk.

Previous studies have reported lower E4 frequencies
in older cohorts than in younger cohorts [Davignon
et al.,, 1988; Kervinen et al., 1994; Schachter et al.,
1994; van Bockxmeer, 1994], suggesting that the E4
allele increases risk for mortality. Previous investiga-
tors have suggested that the increased risk of mortality
associated with the E4 allele may be mediated by
increased cholesterol level and cholesterol-related dis-
ease. In our previous paper [Pablos-Mendez et al.,
1997], individuals with an E4 allele had higher
cholesterol levels in all three ethnic groups. In the
current study, however, mortality risk associated with
the E4/E3 genotype was not significantly elevated
compared with the E3/E3 genotype in any ethnic group.
The findings suggest that the presence of an E4/E3
genotype does not necessarily lead to early death in
affected individuals, and it may lead to milder forms of
these chronic diseases. Further, in a separate explora-
tory analysis based on a small number of cases (data not
shown), the E4/E4 genotype, a known risk factor for
dementia, was associated with the lowest mortality risk
in Caucasians and Hispanics. The apparent lack of
association between the E4/E3 genotype and mortality
in our sample is in agreement with the lack of
relationship between dementia and mortality in our
sample (data not shown). Again, the literature on this
relationship is equivocal, and a further longitudinal
study is needed.

Several factors may contribute to the differences in
mortality risk that we observed among ethnic groups.
First, genes flanking APOE, as well as other contribut-
ing or modifying genes, may differ in the three ethnic
groups and this may contribute to differential mortality
risk. In 19q13.2, a cluster of APOE-CI-CI'-CII resides
within a region that is approximately 25 kb long
[Chartier-Harlin et al., 1994], and the LDL receptor is
also linked to this region [Davignon et al., 1988].
Moreover, other genes not linked to the APOE cluster
may also contribute to mortality by acting in concert to

produce differential risk. Interestingly, previous stu-
dies have revealed that the E2 allele is extremely rare
(0%) in Amerindians [Crawford, 1998] and very rare
(2.7%-3.4%) in Africans [Weiss, 1993]. Thus, for the
Hispanics in this study, who are largely from the
Dominican Republic, the observed protective effect
associated with an E2 allele may be due both to E2
and other genes flanking the regions derived from
Spanish ancestors, since they are admixed with
Amerindians, Spaniards, and Africans [Moya Pons,
1998]. Haplotype analysis in the apolipoprotein region
and identification of other modifying genes will be
needed to fully evaluate the variations in the genetic
risks in different ethnic groups.

Second, environmental risk factors associated with
increased mortality are likely to vary among ethnic
groups. Differences in diet and lifestyle factors may
contribute to differences in mortality risk. Thus, the
variation in mortality risk associated with the E2 allele
among ethnic groups may be due to interactions
between gene and environment.

Third, the age requirement for participation in this
study (age > 65) may have led to a healthy survivor bias
for APOE that differed among ethnic groups and might
account for variation in genotypic risks. We found that
mortality risk associated with the E4/E3 genotype was
similar to mortality risk associated with the E3/E3
genotype in Caucasians and Hispanics, but was lower
in African-Americans. If the E4 allele increases risk of
cardiovascular disease in individuals with the E4/E3
genotype, leading to early death (before age 65), the
observed mortality risk associated with the E4/E3
genotype would be lower than the true risk. Further,
if selection bias for the E4/E3 genotype related to early
cardiovascular mortality was greater in African-Amer-
icans than in Caucasians or Hispanics, the E4/E3
genotype might appear protective, when in fact it is not.
To evaluate this possibility, we stratified our analyses
by age at entry to the study. If the age requirement
resulted in selection bias, we would expect to observe
higher mortality risks associated with the E4/E3
genotype in individuals <75 years of age than in
individuals who were > 75 years of age. However, the
stratified Cox proportional hazards model revealed no
significant change in rate ratios. Further, for Cauca-
sians, the E4 allele frequency in this study was
comparable to that in the younger cohort (age, 45-71)
from the Framingham community-based cohort study
[Ordovas et al., 1987] and that in the controls from the
Alzheimer’s Disease Meta Analysis Consortium [Farrer
et al., 1997] (13.4% vs. 13.5% vs. 13.7%, respectively),
suggesting that the magnitude of selection bias with
respect to APOE is unlikely to be large, at least for
Caucasians in this study. Among African-Americans,
on the other hand, selection bias could have occurred
because individuals with more severe forms of these
conditions died before reaching eligible age at entry to
the study, while those with milder forms participated in
this study. This possibility cannot be ruled out since the
prevalence of heart disease, stroke, and diabetes was
comparable in all three ethnic groups in this study,
while other cohort studies have reported the prevalence
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of these conditions in African-Americans to be higher
than in Caucasians [Karter et al., 1998; Williams et al.,
1999]. For example, prevalence of heart disease in the
current study was slightly lower in African-Americans
(24.6%) than in Caucasians (27.4%), and prevalence of
diabetes was higher in African-Americans (16.3%) than
in Caucasians (8.9%).

In sum, the E2/E3 genotype was associated with
lower mortality risk in Caucasians and Hispanics, but
not African-Americans, while the E4/E3 genotype was
associated with lower mortality risk in African-Amer-
icans. To better understand the observed ethnic
differences in mortality risk, a prospective study is
needed to examine how risk for specific diseases varies
with the APOE genotype in these populations, and then
to examine how risk for mortality varies in affected
individuals. This investigation will need to include
evaluation of the effects of flanking genes in the
apolipoprotein region and of other, unlinked genes that
may modify APOE activity.
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