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Abstract
The literature on the association between apolipoprotein E (ApoE) and mortality across ethnic and
age groups has been inconsistent. No studies have looked at this association in developing
countries. We used data from the Indianapolis-Ibadan Dementia study to examine this association
between APOE and mortality in 354 African-Americans from Indianapolis and 968 Yoruba from
Ibadan, Nigeria. Participants were followed up to 9.5 years for Indianapolis and 8.7 years for
Ibadan. Subjects from both sites were divided into 2 groups based upon age at baseline. A Cox
proportional hazards regression model adjusting for age at baseline, education, hypertension,
smoking history and gender in addition to time-dependent covariates of cancer, diabetes, heart
disease, stroke, and dementia was fit for each cohort and age group. Having ApoE ε4 alleles
significantly increased mortality risk in Indianapolis subjects under age 75 ( hazard ratio: 2.00;
95% CI: 1.19–3.35; p = 0.0089). No association was found in Indianapolis subjects 75 and older
(hazard ratio: 0.71; 95% CI: 0.45–1.10; p = 0.1238), Ibadan subjects under 75 (hazard ratio: 1.04;
95% CI: 0.78 to 1.40; p = 0.7782), or Ibadan subjects over 75 (hazard ratio: 1.21; 95% CI: 0.83 to
1.75; p = 0.3274).
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1. Introduction
The effect of apolipoprotein E (ApoE) on mortality has been reported to be age-related.
Schacter et al. and Louhija et al. have found smaller frequencies of the ApoE ε4 allele in
French and Finnish centenarians compared to younger cohorts, suggesting an increased
mortality with ApoE ε4 [11,16]. Corder et al. found in subjects 75–85 years old with and
without cognitive impairment and cognitively impaired subjects 85 years or older that ApoE
did not significantly predict survival, while among 85 year or older subjects with good
cognition, mortality increased with a ε3/ε4 genotype and decreased with an ε2/ε3 genotype
relative to the ε3/ε3 genotype [1]. Tilvis et al. found that the presence of the ApoE ε4 allele
was associated with 5-year mortality in 75 and 80 year old Finish subjects but not with 85
year old subjects [18].
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The association between ApoE and mortality has been inconsistent across ethnic groups in
the literature. Lee et al. found different associations between mortality risk and ApoE
between Caucasians, Hispanics and African Americans aged 65 and older living in northern
Manhattan. He reported that the ε2/ε3 genotype was associated with the lowest mortality risk
in the Caucasians and Hispanics, while the ε3/ε4 genotype was associated with the lowest
mortality risk in African-Americans, even after stratifying by age group [10]. With
Caucasians, no association was found between mortality risk and ApoE ε4 in citizens from
Vantaa age 85 and older or Finnish subjects age 69–78 [8,9]. However, Rea et al. found that
longevity is negatively associated with the ApoE ε4 allele in Belfast [14].

Few studies have looked at the association between mortality risk and ApoE in either
African-Americans or people in developing countries. Using information from the
Indianapolis-Ibadan Dementia Project, we investigate the association of ApoE with
mortality in African Americans and Yoruba 65 years and older after adjusting for other
known risk factors of age, education, gender, smoking history, hypertension, cancer,
diabetes, heart disease, stroke, and dementia.

2. Materials and methods
2.1. Subjects

The study populations come from the Indianapolis-Ibadan Dementia study, a longitudinal
community-based cohort study on the prevalence and incidence of dementia on elderly
African-Americans living in Indianapolis and Yoruba living in Ibadan, Nigeria. The study
began in 1992 and details of the study design have already been published [5,6]. In brief,
both sites had a baseline wave and 2 follow-up waves. During each wave that lasted
approximately 1.5–2 years, a two-stage (screening and clinical assessment) sampling was
employed. The subjects were first screened and then a subset, based upon their score from
the screening interview, was selected for clinical assessment and diagnosis. Baseline began
in 1992, follow-up 1 began in 1994 and follow-up 2 began in 1997. As of early 2002, the
screening stage of follow-up 3 for Indianapolis has been completed and will be considered
as follow-up 3. For Ibadan, this stage is ongoing but has not been completed. However, in
late 1999–2000, all subjects were re-contacted about future participation where only contact
information and whether or not the subject was still alive were collected. This will be
considered as Follow-up 3 for Ibadan. At baseline, there were 2212 subjects in Indianapolis
and 2487 in Ibadan screened.

This project was approved by the Indiana University-Purdue University Indianapolis
institutional review board and by the University of Ibadan institutional review board.

Throughout the study, information on patient characteristics and medical comorbidities has
been collected. Cancer, diabetes, heart disease, and stroke status were collected at baseline,
follow-up 2 and follow-up 3 from both the subject and informant (if available). If either
mentioned the disease presence at either the screening or clinical assessment stage, then the
disease was considered present and irreversible. Another comorbidity of interest was
dementia. Subjects who were clinically assessed were diagnosed by consensus conference of
the study physicians at baseline, follow-up 1 and follow-up 2. Both DSM-III-R and ICD-10
criteria were met to diagnose dementia.

Information on mortality has been collected throughout the entire study period. In
Indianapolis, deaths were recorded using obituaries and the Indiana State Vital Statistics. In
Ibadan, the interviewers continuously monitored the study population through daily visits
and recorded all deaths.
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A portion of the subjects from both sites gave blood samples in which their ApoE status
could be identified. In Indianapolis only clinically assessed subjects gave blood samples,
while Ibadan genotyped subjects who were clinically assessed at follow-up 1 or either
screened or clinically assessed at follow-up 2. Therefore, not all Ibadan genotyped subjects
had a clinical diagnosis.

2.2. Genotyping
DNA was eluted from dried blood spots collected on filter paper or isolated from whole
blood samples. ApoE genotypes were determined by Hhal digestion of the amplified product
[7].

2.3. Statistical analysis
Descriptive statistics were calculated for all variables. For continuous variables, these
included means and standard deviations. For categorical variables, descriptive statistics
included proportions for the binary data and the number in each category for the categorical
variables. Subjects were divided into 2 groups based upon their age at baseline and all
analyses were performed within each age group within each site. The two groups were those
under age 75 and those who were 75 years and older, as 74 was the median age for the
Indianapolis genotyped subjects.

Subjects were followed from the time of their screening at the baseline visit until their
endpoint. The endpoint is reached when the subject dies or when the subject completes his
final visit. Subjects who didn’t die are considered censored. Survival curves were
constructed using the Kaplan-Meier product limit method and median survival time was
calculated for each cohort. Log rank tests were used to compare the survival times of those
with and without ApoE ε4 alleles within each age group. The proportions of deaths at each
site were compared based upon having ApoE ε4 alleles using chi-squared tests. Cox
proportional hazards regression models were used to model the survival time since baseline
for each cohort as a function of ApoE status after adjusting for age at entry, education,
smoking history and gender. Cox proportional hazards regression models with time
dependent variables were also used to model the survival time since baseline for each cohort
as a function of ApoE status. The effect of ApoE was considered as a dose response for the
number of ApoE ε4 alleles. The models were adjusted for age at entry, education,
hypertension, smoking history and gender as well as the time dependent covariates of
cancer, diabetes, heart disease, stroke, and dementia collected at each visit. Other than at
Baseline, each time dependent covariate is treated as beginning at the midpoint between the
visit where it is observed and the prior visit. As these conditions are considered irreversible,
once the subject has the disease, they continue to have it throughout all future visits until
their endpoint is reached. Subjects without a clinical assessment but with a screening visit at
that wave are considered not demented for that visit unless previously diagnosed with
dementia. In Ibadan, very few subjects had cancer so this time dependent covariate was not
used in the models.

Within each cohort and age group, subjects with ApoE genotyping were compared to
subjects who were eligible to donate blood but did not using t-tests for continuous variables
and chi-squared tests for categorical variables. The variables tested were age, gender,
education, hypertension, smoking history, and rate of death.

All analyses used SAS for Windows version 8.2 [15]. Graphs were created using Splus
version 6.0 [17].
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3. Results
There were 396 African Americans in Indianapolis and 985 Yoruba living in Ibadan, Nigeria
that had been ApoE genotyped. Of these, we excluded 41 subjects in Indianapolis and 17 in
Ibadan who had dementia at Baseline, and 2 subjects in Indianapolis who were missing
covariates used in the models. Thus, 353 Indianapolis and 968 Ibadan subjects were used in
these analyses. In Indianapolis, there were 179 in the under age 75 group and 174 in the 75
and older group. In Ibadan, there were 697 in the younger group and 271 in the older age
group. Overall, the Indianapolis subjects were followed for an average of 6.1 ± 2.4 years
with a range from 0.5 to 9.5 years. The Ibadan subjects were followed on average for 6.7 ±
1.2 years with a range from 1.8 to 8.7 years. The average age in Indianapolis of all subjects
was 75.5 ± 7.0 with a median value of 74.0 years. The average age in Ibadan of all subjects
was 72.1 ± 7.2 with a median of 70.0 years. Overall, all but one Indianapolis and 440 Ibadan
subjects had been clinically diagnosed at any visit. In Ibadan, 329 (47.2%) of the under 75
and 199 (73.4%) of the over 75 groups had been clinically diagnosed.

Subject characteristics for both sites by age group are shown in Table 1. The ApoE allele
distribution was nearly identical between the two sites and age groups. The majority of
subjects had no ApoE ε4 alleles. Over 60% of the African-Americans reported having
hypertension at baseline compared to less than 25% in Ibadan. Similarly, over 60% of the
African-Americans had a history of smoking while only 23.9% of the Yoruba did.

Table 2 shows the total number of subjects seen, the number who died before each follow-
up wave, and the number of subjects with various medical conditions at each wave for
Indianapolis and Ibadan. The characteristics include the time dependent covariates and
death. In total, Indianapolis had 113 (32.0%) subjects die and Ibadan had 205 (21.2%)
subjects die. Throughout the study, heart disease was present in 136 (38.5%) Indianapolis
subjects and 313 (32.3%) Ibadan subjects.

Figures 1 and 2 show the survival curves for Indianapolis and Ibadan, respectively. The log
rank test found a significant difference in the under 75 years old group, but not in the 75 and
over group (p = 0.0191, p = 0.4239, respectively). In the under 75 group, having an ε4 allele
was detrimental to survival. In the older group, having an ε4 allele appears protective,
although not significantly. The log rank test did not find any significant differences in either
age group between having an ε4 allele or not (p = 0.8546 for under 75, p = 0.8597 for 75 and
older).

The ApoE ε4 allele was not significantly related to the proportion of deaths in the older
cohort from Indianapolis or both age groups from Ibadan. In the 75 and older group from
Indianapolis, 24 (36.4%) with an ApoE ε4 allele died compared to 45 (41.7%) without the
allele (p = 0.4878). In Ibadan, the ApoE ε4 allele was not significantly related to the
proportion of deaths in either age group. In the under 75 year olds, 48 (17.8%) subjects with
the allele died compared to 79 (18.5%) without the allele who died (p = 0.8380). Similarly in
those 75 years and over, 35 (31.5%) with the allele died compared to 43 (26.9%) without the
allele (p = 0.4051). However, in the under age 75 group from Indianapolis, ApoE was
significantly related to the proportion of deaths. In this group, 25 (34.3%) of subjects with
an ApoE ε4 allele died compared to 19 (17.9%) without a ε4 allele (p = 0.0127). Cox
proportional hazards models on survival time as a function of ApoE adjusting for baseline
age, gender, education, and smoking history found results similar to those for the proportion
of deaths in both age groups in both sites. The number of ApoE ε4 alleles was significantly
associated with mortality risk in the under 75 year olds from Indianapolis (HR: 2.22; 95%
CI: 1.34–3.66; p-value = 0.0019). No associations were found in either the older group from
Indianapolis (HR: 0.76; 95% CI: 0.50–1.17; p-value = 0.2173), the under 75 year olds from
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Ibadan (HR: 1.00; 95% CI: 0.75–1.35; p-value = 0.9875), or the 75 years and older group
from Ibadan (HR: 1.04; 95% CI: 0.78–1.40; p-value = 0.7782).

In order to investigate whether any effect of ApoE on mortality risk was acting through the
various diseases, all models were run after adding medical history covariates to the models.

Table 3 shows the results from the Cox proportional hazards models with time dependent
variables on each age group for Indianapolis and Ibadan. In the younger group from
Indianapolis, the number of ApoE ε4 alleles significantly increased mortality risk with a
hazard ratio of 2.00 and a 95% confidence interval of 1.19 to 3.35 (p = 0.0089). However, in
the 75 and older group from Indianapolis, or in both age groups from the Ibadan cohort, the
number of ε4 alleles was not significantly associated with mortality risk. Dementia was a
significant (p < 0.05) covariate in both age groups from Ibadan and the older cohort from
Indianapolis. Age was a significant covariate in the younger age group from Ibadan and the
older age group from Indianapolis and marginally associated (p = 0.0514) with mortality in
the older Nigerians. Gender was also significant for both Indianapolis groups. Education
was only marginally significant in the 75 and older group from Indianapolis (p = 0.0971),
while hypertension was significant in the under 75 groups from both sites. The medical
covariates of stroke significantly (p = 0.0022) and heart disease marginally (p = 0.0950)
increased mortality risk in the under 75-year group from Ibadan. Smoking history, cancer,
and diabetes were not significant in any of models. These results with the medical covariates
in the models were consistent with the earlier results without the medical covariates in all
four groups. Furthermore, in Ibadan, 52.8% of the younger cohort and 26.6% of the older
cohort had never been clinically assessed. We also ran the models on only those with a
clinical assessment and found the results consistent with the original findings.

In both age groups from Indianapolis, the subjects who had ApoE genotyping were not
significantly different (results not shown) in age, gender, smoking history, hypertension or
rate of death than those who were clinically assessed but did not provide blood samples
except for 0.7 year more of education in the young Indianapolis cohort with ApoE (p =
0.0436). In both age groups from Ibadan, subjects who had ApoE genotyping were not
significantly different on any of these characteristics except rate of death than those who
were available to provide blood samples but did not. In the older cohort from Ibadan, only
31.8% of those who gave blood died compared to 52.8% who did not (p = 0.0001).

4. Discussion
In our study, the possession of an ε4 allele of APOE significantly increased mortality risk in
African Americans under the age of 75 years at study baseline but not for African
Americans over 75 years of age at baseline. There was no association between Apoe ε4 and
mortality risk in either age group for the Yoruba. All of these results were the same whether
or not adjustments were made for medical covariates. In the Kaplan Meier plots in Figs 1
and 2, the associations are shown when unadjusted for covariates. It is noteworthy that in the
Indianapolis plot, African Americans under the age of 75 years with ε4 alleles had a similar
curve to those of African Americans over the age of 75 also with ε4 alleles. This suggests
that the effect of ApoE is age related.

Previous studies on the relationship between age, ethnicity, and ApoE ε4-associated
mortality risk have produced inconsistent results. These inconsistencies may be explained in
part by the difference in prevalence of other diseases associated with increased mortality risk
between the cohorts or the cognitive status of the study subjects. For example, Corder et al.
found an association between ε4 and mortality risk in 85-year-old subjects with good
cognition but not in younger subjects or 85-year-old subjects with poor cognition [1]. Corder
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defined poor cognition as those with a Mini-Mental State Examination score of 0 to 23 [1,3].
In our study 15.1% of the younger cohort and 27.0% of the older cohort developed dementia
during the course of the project. Thus, our results cannot really be compared to those of
Corder because of the difference in age groups and definition of poor cognition. In a multi
ethnic study, Lee et al. reported that in African Americans the ε3/ε4 genotype was associated
with the lowest mortality risk whereas the subjects with ε3/ε3 genotypes had the highest risk.
These findings were unchanged after stratifying by age group [10]. In our study of the older
African-Americans, subjects with an ε4 allele did have lower mortality risks than those
without but this difference was not significant. However the subjects in our study reported
higher rates of diabetes, hypertension and cancer than did those in the Lee study. For
example, in our study 35.8% of the younger cohort and 24.7% of the older cohort reported
having diabetes at some point during the study. In addition, 41.9% of the young cohort and
35.1% of the older cohort had heart disease. In Lee’s study on African-Americans, 16.3%
had diabetes and 24.6% of the subjects had heart disease [10]. Thus, it might be difficult to
compare our results with those of Lee because of the differences in health between the
groups.

The reason for our finding of increased risk for mortality in the under 75 years of age
African-Americans possessing the ε4 allele is unclear. It does not appear to be related to the
allele’s effect on hypertension, stroke, heart disease, cancer and diabetes because we
adjusted for these variables in our models and the results were consistent when removing
these variables from the models as well. It may reflect the age effect of ApoE ε4 on
Alzheimer’s disease that ApoE ε4 is a more powerful risk factor for AD in younger age
groups [2]. However, we also adjusted for dementia in our models. It is not possible to rule
out the suggestion by Corder et al. that there is an interaction between age, cognitive status,
ApoE, and mortality risk [1].

This is the first study to report on the association of ApoE with mortality in Sub-Sahara
Africa. The lack of association between ApoE and mortality is not surprising. In a previous
study, Perkins et al. found that dementia was significantly associated with increased
mortality at both Indianapolis and Ibadan [13]. However, there was no association between
the possession of the ApoE ε4 allele and dementia in the Nigerians [12]. Furthermore, the
Nigerians had fewer known mortality risk factors such as heart disease, stroke, hypertension
and diabetes, than the African-Americans [4]. Less than 25% of the Yoruba had
hypertension at baseline and only 3.9% of the younger Yoruba and 11.8% of the older
Yoruba were found demented during the study.

The choice of cut-off on age groups does not seem to affect our results. As in other studies,
age 75 was chosen as the cut-off. The median age of the cohort in Indianapolis was 74 years.
In the Yoruba, the median age was 70 years but 75 years was chosen to be consistent with
the African-Americans. We also ran the models with 70 as the cut-off and the results were
similar.

There are several limitations to this study. There was a difference in the length of study time
between the study sites. Indianapolis subjects were followed from entry into study in 1992
through early 2002. Ibadan subjects were followed from entry into study in 1992 through
late 2000. In total, Ibadan subjects had 2 complete follow-ups and a contact session
compared to Indianapolis’ 3 complete follow-ups. Thus, all analyses were performed within
each population.

Another limitation is that not all of the subjects in the original study had ApoE genotyping.
Indianapolis only had ApoE genotyping on clinically assessed subjects, while Ibadan
genotyped subjects who had a screening interview regardless of whether they had a clinical
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assessment. However, within age groups we compared both the Indianapolis and Ibadan
subjects who had ApoE genotyping with their counterparts who had the same opportunities
to donate blood and only found a few minor differences in patient characteristics or rates of
death. In the young cohort from Indianapolis, those who provided a blood sample went to
school for 0.7 year more than those who did not. Since education is included in the models,
this difference is unlikely to affect our conclusion. In the older cohort but not the younger
one from Ibadan, only 31.8% of those who gave blood died compared to 52.8% who did not.
Those who did not give blood samples were likely more sick and fragile than those who
were genotyped. A final limitation on the genotyping was that not all of the subjects in
Ibadan had been clinically assessed. However, the results from the models on only those
with a clinical assessment were consistent with the original findings. Nevertheless, because
of the differences in the length of follow-up and the collection of ApoE genotypes, at this
time we should be cautious about making direct comparisons between the two sites. In our
current ongoing study, we are attempting to collect blood samples from all subjects and then
should be able to reexamine the association between ApoE and mortality in more subjects
with longer follow-up times.

In summary, we find that the ApoE ε4 allele is a mortality risk factor in African-Americans
age 65–75 years but not in older African-Americans. Our study is the first to report the lack
of association of the ApoE ε4 allele with mortality risk in Sub Saharan Africa.
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Fig. 1.
Kaplan Meier Plot for Indianapolis based on whether the subject has any ApoE ε4 alleles
stratified by age group.
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Fig. 2.
Kaplan Meier Plot for Ibadan based on whether the subject has any ApoE ε4 alleles stratified
by age group.
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Table 1

Baseline Subject Characteristics

Indianapolis Ibadan

Under 75 (n = 179) 75 and Older (n = 174) Under 75 (n = 697) 75 and Older (n = 271)

Age 69.9 ± 2.7 81.3 ± 5.1 68.4 ± 2.7 81.7 ± 6.3

Education* 9.7 ± 2.9 8.8 ± 3.5 109 (15.6%) 54 (19.9%)

Male (%) 72 (40.2%) 55 (31.6%) 224 (32.1%) 118 (43.5%)

Smoking History 121 (67.6%) 98 (56.3%) 145 (20.8%) 86 (31.7%)

Hypertension 124 (69.3%) 110 (63.2%) 174 (25.0%) 57 (21.0%)

ApoE – have 2 ε4 alleles 8 (4.5%) 8 (4.6%) 30 (4.3%) 15 (5.5%)

ApoE – have 1 ε4 allele 65 (36.3%) 58 (33.3%) 239 (34.3%) 96 (35.4%)

ApoE – have 0 ε4 alleles 106 (59.2%) 108 (62.1%) 428 (61.4%) 160 (59.0%)

ApoE – have any ε4 alleles 73 (40.8%) 66 (37.9%) 269 (38.6%) 111 (41.0%)

*
Mean years of education (SD) for Indianapolis; Number of subjects (%) with any schooling for Ibadan.
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Table 3

Results from Cox Proportional Hazards Model with Time Dependent Covariates on Indianapolis and Ibadan
Subjects

Variable

Indianapolis Ibadan

Hazard Ratio (95% Confidence
Interval) p-value

Hazard Ratio (95% Confidence
Interval) p-value

Age < 75

 Number of ApoE ε4 alleles 2.00 (1.19–3.35) 0.0089 1.04 (0.78–1.40) 0.7782

 Age at baseline 1.08 (0.96–1.22) 0.2124 1.16 (1.09–1.24) < 0.0001

 Smoking history 0.98 (0.45–2.13) 0.9499 1.23 (0.76–2.01) 0.3987

 Education* 0.97 (0.87–1.07) 0.4898 1.04 (0.63–1.73) 0.8842

 Hypertension 2.49 (1.02–6.04) 0.0442 0.60 (0.37–0.95) 0.0312

 Male 2.42 (1.15–5.07) 0.0198 1.17 (0.75–1.82) 0.5023

 Cancer 1.69 (0.73–3.91) 0.2227 NA NA

 Diabetes 1.67 (0.88–3.18) 0.1180 1.27 (0.57–2.82) 0.5571

 Heart disease 0.83 (0.44–1.58) 0.5754 1.38 (0.95–2.01) 0.0950

 Stroke 1.59 (0.79–3.19) 0.1983 3.06 (1.49–6.25) 0.0022

 Dementia 1.88 (0.74–4.79) 0.1884 4.28 (2.39–7.65) < 0.0001

Age 75+

 Number of ApoE ε4 alleles 0.71 (0.45–1.10) 0.1238 1.21 (0.83–1.75) 0.3274

 Age at baseline 1.06 (1.01–1.12) 0.0180 1.03 (1.00–1.07) 0.0514

 Smoking history 1.05 (0.63–1.77) 0.8528 1.15 (0.70–1.89) 0.5721

 Education * 0.94 (0.88–1.01) 0.0971 0.91 (0.49–1.67) 0.7590

 Hypertension 1.25 (0.73–2.15) 0.4183 0.96 (0.51–1.81) 0.9062

 Male 2.33 (1.40–3.90) 0.0012 1.48 (0.89–2.48) 0.1320

 Cancer 0.73 (0.38–1.41) 0.3500 NA NA

 Diabetes 1.15 (0.67–1.96) 0.6199 1.26 (0.44–3.60) 0.6668

 Heart Disease 1.41 (0.83–2.37) 0.2010 1.18 (0.68–2.04) 0.5510

 Stroke 1.56 (0.82–2.96) 0.1737 1.69 (0.63–4.54) 0.3018

 Dementia 2.34 (1.26–4.34) 0.0069 3.56 (1.88–6.74) < 0.0001

*
Mean years of education (SD) for Indianapolis; Number of subjects (%) with any schooling for Ibadan.
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