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Abstract
Study objective—Age, family history of
dementia and the å4 allele of the apolipo-
protein E gene have been associated with
Alzheimer’s disease (AD). Considering
the strength of APOE-å4 as a genetic risk
factor for AD, this factor might explain a
large part of the association between AD
and a family history of dementia. There-
fore, in the general population, a higher
frequency of dementia should be observed
among parents of probands with at least
one å4 allele than in parents of probands
without this allele.
Design, setting, and participants—The
study investigated a sample of 1153 volun-
teers between 59 and 71 years old, geno-
typed for the APOE gene, all participating
in the EVA study. Dementia in their
parents was determined using a self
reported questionnaire.
Main results—The frequency of dementia
in 2164 parents was examined and it was
found that 245 were demented. The per-
centage of demented parents was 13.0% in
the subgroup of parents of subjects having
one or two å4 alleles and 10.8% in the other
subgroup. The relative risk of dementia
among parents according to the APOE-å4
status of probands, was calculated using a
Cox model adjusted for the educational
level of parents and their history of stroke:
RR = 1.21 (95%CI 0.90, 1.63).
Conclusion—This lack of association sup-
ports the observation that in the general
population, APOE-å4 cannot explain a
large part of family history of dementia.
(J Epidemiol Community Health 1999;53:393–398)

Several risk factors have been associated with
Alzheimer’s disease (AD). For late onset AD,
the most important factors are increasing age,1

family history of dementia,2 low educational
level,3–5 and the å4 allele of the apolipoprotein
E gene (APOE-å4). Throughout numerous
independent studies on familial as well as spo-
radic cases, this genetic factor is related to a
higher risk of AD with a gene dose eVect.6–11

The risk is increased two or threefold for
APOE-å4 heterozygous and more than eight-
fold for homozygous subjects. Other forms of
dementia including vascular dementia, Lewy
body disease, and Creutzfeldt-Jakob disease
have also been inconsistently associated with
APOE-å4.12–19

On the other hand, 20% to 50% of patients
with AD have at least one first degree relative

with dementia compared with 12% to 36% in
relatives of controls.2 Considering the strength
of the APOE-å4 allele as a genetic risk factor
for AD, this factor might explain a large part of
the association between a family history of
dementia and AD. Whether the risk of AD
associated with APOE-å4 allele may be modi-
fied by a family history of dementia is still con-
troversial. Li et al have found that the cumula-
tive risk for dementia in relatives of AD
probands with and without the å4 allele was
significantly higher than in relatives of non-
demented controls. The increase in rate of
dementia in relatives of AD probands com-
pared with controls was independent of the å4
status of AD probands.20 Duara et al have found
that å4-positive AD patients tend to have an
higher rate of family history of dementia than
å4-negative AD patients (58% versus 40% ; p =
0.02).21 Van Djuin et al and Zubenko et al have
shown a stronger association between AD and
the å4 allele, in the presence of a family history
of dementia.22 23 On the other hand, Mayeux et
al have described a positive association be-
tween AD and the å4 allele in the absence of a
family history of dementia.24 Only one prospec-
tive study has examined in the oldest elderly
the risk of AD in relation to both a family his-
tory of dementia and the APOE-å4 status.25

Unfortunately, few subjects had both risk
factors and that study was inconclusive
whether the age specific risk for AD according
to the å4 allele is modified by a family history of
dementia.

No study has been conducted yet in the gen-
eral population and the frequencies of family
history of dementia according to the APOE
genotypes remain unknown. Moreover, under
the assumption that the APOE-å4 explains a
large part of the association between AD and
family history of dementia, we should discover
in the general population, a higher frequency of
dementia in parents of probands with this allele
than in parents of probands without this allele.
In particular, the risk of dementia in parents
according to the status of probands for the å4
allele, should be close to the ratio of probabili-
ties for parents to have at least one APOE-å4
allele in the two groups of parents. To test this
hypothesis, we have examined in a sample of
1153 volunteers, aged 59–71 years with high
cognitive performances and genotyped for the
apolipoprotein E gene, the history of dementia
in their parents.

Methods
The EVA study is a longitudinal study on vas-
cular and cognitive aging. Details of the study
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design have been described elsewhere.26 The
study population is composed of volunteers
born between 1922 and 1932, who were
recruited from the electoral rolls of the city of
Nantes (western France). When a subject was
recruited, their spouse was systematically asked
to participate in the study if they were in the
required age range. Between June 1991 and
July 1993, 1389 subjects were enrolled in the
study. All subjects provided their informed
consent, and the study design was approved by
the ethical committee of the University Hospi-
tal of Bicêtre.

PERSONAL DATA

The baseline visit took place between June
1991 and July 1993. Data on patient back-
ground, educational achievement, present and
past medical history were collected using a
standardised questionnaire during a face to
face interview. The examination included the
Mini Mental State Examination (MMSE),
which assessed various cognitive skills.

GENOMIC DNA

In the second part of the EVA study, conducted
between July 1993 and June 1995, 1200
subjects agreed to participate in genetic testing
with genomic DNA available on 1174. A
specific informed consent was signed by the
participants and a specific approval was given
by the ethical committee. Genomic DNA was
prepared from white blood cells and genotyp-
ing was performed with a restriction fragment
length polymorphism. The APOE sequence
containing codon positions 112 and 158, at the
origin of the polymorphism, was amplified.

The amplified products were digested with
Hha I and subjected on polyacrylamide gels.27

All gel results for APOE genotyping were ana-
lysed by two diVerent investigators.

DATA ABOUT PARENTS, CRITERIA FOR DEMENTIA

Detailed data concerning their parents were
obtained from the EVA volunteers with self
reported standardised questionnaires, at the
entry in the study. The two questionnaires, one
for the mother and the other one for the father,
included specific questions designed to search
for memory impairment, language and disori-
entation troubles, loss of autonomy, history of
depression and stroke. Age of parent is age at
death or current age if they were alive at the
time of the study. The educational level of par-
ents was recorded in two groups (<7 years of
schooling and >7 years).

Figure 1 describes the decision tree for the
identification of the parental status for demen-
tia according to DSMIII-R criteria.28 To have a
dementia, a parent had to meet the three
following criteria: (1) memory impairment, (2)
language trouble and/or disorientation, (3) one
or more of these disorders had to be sufficiently
severe to interfere with social or occupational

Figure 1 Decision tree for the identification of parental status for dementia according DSMIII-R criteria.

Memory
impairment
(n = 2348)

Language or
disorientation

disorders

* 7 parents with history
of depression were recoded
as "undetermined" after this
identification.

No dementia
(n = 1919)

Undetermined
(n = 177)

Not known (n = 135)

No (n = 106)

Yes (n = 16)

Dementia*
(n = 252)

No
(n = 1604)

Yes
(n = 487)

Not known
(n = 257)

Not known (n = 29)

No (n = 1511)

Yes (n = 64)

Not known (n = 21)

No (n = 156)

Yes Not known (n = 5)

No impairment
in daily life (n = 53)

Impairment (n = 252)

Table 1 Allele frequencies for apolipoprotein E gene
(n=1153)

APOE genotype (n) Allele frequencies

APOE (å2 å2) (3) APOE-å2 = 0.067
APOE (å2 å3) (131)
APOE (å2 å4) (17) APOE-å3 = 0.809
APOE (å3 å3) (754)
APOE (å3 å4) (227) APOE-å4 = 0.124
APOE (å4 å4) (21)
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functioning. When a parent did not meet these
criteria, they were classified as non-demented.
The number of “undetermined” is the sum of:
(a) parents with unknown status for memory
impairment and language or disorientation
disorders (n = 135), (b) parents with language
or disorientation disorders but unknown status
for memory impairment (n = 16), (c) parents
with memory impairment but unknown status
for other symptoms (n = 21), (d) parents with
memory impairment and language or disorien-
tation disorders but unknown status for
impairment in daily life (n = 5). Later on,
demented parents for whom a history of
depression was reported (five mothers and two
fathers), were recoded as “undetermined”.

Finally, among the 1174 subjects genotyped
for APOE, the notion of dementia in parents
was determined for 1101 mothers and 1063
fathers. The status was undetermined for both
parents of 19 subjects and known in at least one
parent for 1151 subjects.

We have considered separately mothers and
fathers instead of a pair of parents, given the
diYculty of summarising in a single variable
personal characteristics that could widely differ
in a pair of parents (age, educational level, his-
tory of stroke). Thus, we have compared two
groups of parents: parents of probands with at
least one å4 allele and parents of probands
without this allele.

The probabilities for parents to have at least
one å4 allele have been calculated under the
Hardy-Weinberg equilibrium. If probands have
no å4 allele, the probability for parents to have
one å4 allele is estimated by the å4 allelic
frequency in our sample. The probability is
calculated from the formula proposed in
appendix 1 in parents of probands with at least
one å4 allele.

The Kaplan-Meier survival analysis method
with one year intervals was used to estimate the
cumulative risk of dementia among parents. We
specified the age of parents, as defined
previously, for the time variable. To analyse the
diVerences between cumulative risk curves
among parents, we used the log rank test. To
take into account potential confounding fac-
tors recorded for parents, we have fitted a Cox
proportional hazard model and the likelihood
ratio has been used to test the various hypoth-
eses. To check the proportional hazard model
assumption, we used a graphic method. For all
variables included in the model the log
(log(S(t))) plots were approximately parallel
across strata. DiVerences between groups were
assessed by one way analysis of variance or ÷2

when appropriate. Statistical analyses were
conducted with the Statistical Analysis System
release 6.11.29

Results
The population of this study included 487 men
and 666 women (n = 1153). Mean age of sub-
jects was 65.0 (SD = 3.0) and mean MMSE
score was 28.2 (SD = 2.1). Thirty eight
subjects (3.3 %) have a score below 24 at the
MMSE. Allele frequencies for the apolipopro-
tein E gene are given in table 1: 265 subjects
had at least one å4 allele and 888 no å4 allele.
Only 21 (1.8 %) had the å4/å4 genotype and no
separate analysis of this genotype was made.
The genotype distribution for APOE gene is in
Hardy-Weinberg equilibrium. With the for-
mula proposed in appendix 1, we have
calculated the probabilities for parents to have
at least one å4 allele according to the status for
APOE-å4 allele of probands. Thus, the prob-
ability for parents to have at least one å4 allele
is fivefold higher in parents of probands with at
least one å4 allele (p = 0.59) than in parents of
probands without this allele (p = 0.12).

Status for dementia as defined, for 2164 par-
ents was independent of sex, age, educational
level and MMSE score of informants (table 2).
Probands with missing data on dementia status
in parents did not diVer for sex, age, MMSE

Table 2 Characteristics of probands according to the status for dementia in parents

Demented parents
(n=245)

Non-demented parents
(n=1919) p

Sex of proband % women 61.5 57.3 NS
Age of proband (y (SD)) 64.7 (3.0) 65.0 (2.9) NS
Educational level of proband

<5 years (%) 31.0 30.5
6–9 years (%) 18.0 18.4 NS
10–12 years (%) 32.2 36.4
>12 years (%) 18.8 14.7

MMSE score (mean (SD)) 28.2 (1.9) 28.2 (2.1) NS
MMSE score below 24 (%) 2.0 3.3 NS

Table 3 Rates of dementia by age, in mothers and fathers
in the EVA study

Age* (y)

Fathers (n=1063)
Rates of dementia

Mothers (n=1101)
Rates of dementia

% 95% CI % 95% CI

<60 1.5 0.04,3.0 1.8 0.0,3.8
60–69 4.3 0.01,7.3 4.8 0.7,8.8
70–79 8.7 5.5,12.0 10.5 6.6,14.4
80–89 10.8 7.1,14.5 19.7 16.0,23.4
>90 19.0 9.4,28.7 31.0 23.7,38.2

*Age of parent is age at death or current age if they were alive at
the time of the study.

Table 4 Characteristics of parents and history of stroke, by sex and status for dementia

Fathers (n=1063) Mothers (n=1101)

Demented Non-demented p Demented Non-demented p

Age* n=78 n=984 n=167 n=934
Mean (SD) 78.6 (10.8) 69.1 (15.4) 10−4 84.4 (7.9) 74.5 (15.8) 10−4

Status at the time of the study n=78 n=985 n=167 n=934
% alive (n) 5.1 (4) 3.1 (30) — 21.6 (36) 14.6 (136) 0.02
mean (SD) age of alive parents 89.8 (4.6) 88.3 (3.5) — 89.5 (3.8) 87.6 (3.8) 0.01

History of stroke n=73 n=925 n=151 n=889
% stroke 63.0 17.4 10−3 43.1 20.1 10−3

Educational level n=78 n=966 n=164 n=918
<7 years (%) 23.1 18.3 NS 31.7 23.1 0.02

NS: not significant at p value <0.05. *Age of parent is age at death or current age if they were alive at the time of the study.
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score and APOE-å4 status but they had a lower
educational level than probands with no miss-
ing data. Overall, 7.3 % of fathers (78 of 1063)
and 15.2 % of mothers (167 of 1101) had
dementia. Percentages of dementia increase
with age in both mothers and fathers (table 3)
and there is no diVerence between them when
age is taken into account (log rank ÷2 = 0.46
with 1 df ; p = 0.49).

Table 4 gives some personal and medical
characteristics of parents, by sex and status for
dementia. As expected, mean age for demented
was significantly higher than that of non-
demented, particularly in parents alive at time
of inclusion. Few demented fathers were alive
at time of inclusion (n = 4). For mothers still
alive, 36 demented and 136 non-demented, the
mean age of those who were demented (89.5
(3.8)) was higher than the mean age of the

non-demented (87.6 (3.8) ; p = 0.01). History
of stroke was recorded for 2038 parents and no
diVerence between mothers and fathers was
found. Dementia in parents was associated
with a history of stroke and, to a lesser extent,
with a low educational level. Therefore, edu-
cational level and history of stroke were
included as covariates in the multivariate
analysis.

Thirteen per cent of parents of subjects hav-
ing at least one å4 allele were demented
compared with 10.8% of parents of subjects
without this allele. Figure 2 shows the curves of
cumulative risk for dementia in the two groups
of parents: parents of subjects homozygous or
heterozygous for APOE-å4 and parents of sub-
jects with no å4 allele. There was no diVerence
between these two groups of parents: the log
rank test gives a ÷2 = 1.9 with 1 df (p = 0.17).

Table 5 gives the results of the multivariate
analysis using a Cox model including group of
parent according to the å4 status of subjects,
educational level of parents and their history of
stroke. Low educational level and history of
stroke in parents were associated with an
increased risk of dementia while the group of
parent according to å4 allele status of subjects
was not (RR = 1.21; 95%CI = 0.90, 1.63). The
adjusted relative risks of dementia associated
with an educational level below seven years of
schooling and with history of stroke were 1.91
(1.43, 2.55) and 3.87 (2.96, 5.05), respectively.

We have also performed this analysis in the
1586 parents without history of stroke. In this
subgroup, the adjusted risk of dementia in par-
ents according to the å4 status of subjects
remains non-significant (RR = 1.01; 95%CI =
0.66, 1.55).

Discussion
The purpose of this study was to determine if
rates of dementia were higher in parents of
probands with at least one å4 allele than in
parents of probands without this allele. In our
population of 1153 volunteers with highly cog-
nitive performing,26 the risk of dementia in
parents of probands with and without the å4
allele was of 1.21 (NS). But, the probability for
parents to carry at least one å4 allele was five-
fold higher in parents of probands with at least
one å4 allele (p = 0.59) than in parents of
probands without this allele (p = 0.12).
Assuming that APOE-å4 allele is the major
component for family history of dementia, we
should find a risk of dementia in parents close
to this ratio of 5, which is independent of the

Figure 2 Cumulative risk of dementia in parents of subjects with and without the
APOE-å4 allele (using one year intervals).
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Table 5 Univariate and multivariate analysis, factors associated with dementia in parents
and adjusted relative risks (Cox model)

Factors

Crude Adjusted*

p AdjustedRisk 95% CI Risk 95% CI

Parent group according to
å4 status of subjects 1.22 0.92, 1.62 1.21 0.90, 1.63 0.21

Educational level 1.64 1.24, 2.17 1.91 1.43, 2.55 10−4

History of stroke 3.67 2.82, 4.77 3.87 2.96, 5.05 10−4

*Adjusted for the two others factors included in the model.

Table 6 Measured risk with dilution and corresponding
power of the study for expected risks varying from 1.5 to 5
(see also appendix 2)

Expected risk
Measured risk
with dilution*

Power of the study
a posteriori (%)†

5 3.2 100
3 2.1 100
2.5 1.8 100
2 1.6 88
1.5 1.3 53

*Computed for a positive predictive value of 0.60 for the ques-
tionnaire. †Calculated for each corresponding measured risk.
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risk of dementia according to the å4 status.
This result might be related to methodological
issues.

Initially, we discussed the validity of family
data collected for dementia. To determine the
status for dementia in parents, our information
came from a single informant, while many
authors in case-control studies recommend the
use of a second one in family studies.
Moreover, the DSMIII-R criteria used to
define dementia were reported by children and
not extracted from medical records. As ex-
pected with a self reported questionnaire,
probands with missing data on dementia status
in parents had a lower educational level than
others. But some indirect arguments suggest
that the quality of our data was satisfactory.
Firstly, the relation between dementia and age
is consistent with published data concerning
both the prevalence and the incidence of
dementia in various European countries.30–32 As
expected, we have observed an exponential
increase of dementia with age, essentially dou-
bling in rates in each decade after age 65. Sec-
ondly, the association between dementia and
low educational level is consistent with several
recent studies.3–5

DiVerential classification bias in the detection
of demented cases in parents, related to the sta-
tus of probands for the å4 allele, is unlikely to
come in these volunteers with highly cognitive
performing. In particular, rates of probands with
a score below 24 at the MMSE are not diVerent
in the two groups of probands with and without
the å4 allele. On the other hand, non-differential
classification bias in the detection of demented
cases in parents might have caused to underesti-
mate the measured risk.33

Lack of association might also be explained
by a weak power of the study to detect an
association. To take into account the probable
misclassification bias on the status for demen-
tia in measuring the risk, we have calculated in
appendix 2 the dilution of the expected risk,
with the formula proposed by Green; it relates
the risk measured with error to the expected
risk, the frequency of dementia in parents of
subjects without the å4 allele and the positive
predictive value (PPV) of the family history
method.33 We have calculated the power a pos-
terori with the formula proposed by Freedman
in 1982 for studies using the log rank test.
Thus, for an expected risk of 5, the measured
risk is higher than 3 with a positive predictive
value (PPV) of 0.60 for the questionnaire. In
this case, the corresponding power of the study
is near 100%.

While an expected risk of dementia in
parents at 5 is a strong hypothesis that would
imply that the APOE-å4 allele explains all cases
of dementia in parents, we have calculated for
expected risks from 1.5 to 5 the risk measured
with a PPV = 0.60 for the questionnaire and
the corresponding power a posterori for the
study. Results are shown in table 6. As
expected, the power of the study decreases
when the risk of dementia in parents decreases.
But, for an expected risk twofold higher in par-
ents of probands with the å4 allele, the power of
the study is near 88%.

We can therefore conclude that a history of
dementia is not related to APOE-å4 status of
subjects from the general population with
highly cognitive performances. Moreover,
while APOE-å4 cannot explain a large part of
family history of dementia in the general popu-
lation, others familial (genetic or environmen-
tal) risk factors for AD remain to be identified.

Appendix 1
Probability for parents to have at least one å4
allele according to status of subjects for
APOE-å4 allele20:
When subjects are carriers (å4/å4 or å4/å-):

f is the å4 allelic frequency in our population, f
= 0.12. It is also the probability for parents of
subjects without the å4 allele to carry this
allele.

Appendix 2
Expression of adjusted risk (RR) according to
observed relative risk (RR*), dementia fre-
quency (f) and predictive positive value (PPV)
of the family method to detect dementia in
parents of subjects without the å4 allele33:
RR = {RR* - [(1 - PPV) / (1 - f)]} / {1 - [(1 -
PPV) / (1 - f)]}.
or
RR* = RR {1 - [(1 - PPV) / (1 - f)]} + {(1 -
PPV) / (1 - f)}.
Where RR = 5, PPV = 0.60, and f = 0.11: RR*
= 3.21
Frequency of dementia in parents of subjects
without the å4 allele is of 0.11 in our study. For
PPV, we used the result of a previous study
evaluating the validity of a questionnaire sent
by mail on the family history of dementia in the
general population.34 A similar result (PPV =
0.60) has been found by Heun et al in a study

KEY POINTS

x APOE-å4 allele and family history of
dementia are known risk factors for
dementia.

x In this study, the allelic frequency for
APOE-å4 was 0.12. Parents of subjects
with this allele have a fivefold higher
probability to carry it than parents of
subjects without this allele. Is the risk of
dementia higher in parents of subjects
with the APOE-å4 allele?

x We failed to demonstrate that the risk of
dementia according to the å4 status of
probands for this allele was significantly
diVerent of 1.

x We discussed diVerent biases that might
interfere with this negative result.
Nevertheless, we conclude that APOE-å4
can not explain a large part of family his-
tory of dementia in population.
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conducted to evaluate the validity of the family
history method for dementia in relatives of a
sample of elderly subjects.35
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