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Key words Recent studies have demonstrated.an association between apolipoprotein
Alzheimer’s disease E (APOE) genotype and the risk -of Alzheimer disease (AD). There are also
’;\P OF fglenofype several reports suggesting that parental age is a risk factor for AD. We exam-
Rgziggofge ined APOE genotypes and parental ages in 583 consecutive cases of probo-

‘ ble or definite AD ascertained through eight AD specialty clinics, and 1 092

non-demented participants of the Framingham Study who were matched

for sex, year of birth and survival age. We found that parents of patients with

AD were approximately one year older than parents of controls at the fime’

of -birth. This.pattemn. of association was greater among:personsihaving the . ..
APOE £3/e4 genotype and possibly the APOE €2/e3 genotype,-but:-was not-- - - -
evident among subjects with other APOE genotypes. -Among -APOE e3/e4 ...
persons, a 10 year increase in paternal age or maternal. age .increased the.
odds of developing AD about 1.6 fimes. These observations suggest that
individuals having both a single copy of g4 and older parents, have o higher == -+~ - -

risk for developing AD than persons with only the 4 risk factor, In contrast,
parental age did not appear to influence substantially the risk of AD among
e3 or ¢4 homozygotes. There was a trend toward decreased parental age
among €2/e4 cases compared with €2/e4 controls, but a much larger sample
of subjects with this genotype is needed tfo draw firm conclusions.
Confounding between maternal and paternal ages did not allow distinction
of hypotheses relafed to male or female reproductive patterns nor dimin-
ished the possibility that parental age is a surrogdte for an unidentified risk
factor. Regardless, the dissimilar patterns of association between parental
age and risk of AD across APOE genotype groups suggests that parental
age is a modifying rather than a primary risk factor.
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‘plex
factors.'™ In.the past few years, defects in the amy-
‘loid precursor protein (APP) gene and two novel
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Infroduction

Epidemiological and molecular evidence suggests
there are multiple etiologies for Alzheimer disease
(AD). Studies of the in¢idence and patterns of trans-
mission in families demonstrate that relatives of
affected individuals have an increased risk of devel-

oping AD compared with members of the general

population, but susceptibility is governed by a com-
interaction of genes and environmental

genes named presenilin 1 and 2 causing familial
(autosomal dominant) early-onset AD (< 65 -years)
have been identified, but they account for less than
2% of all cases.” Apolipoprotein E (ApoE).is a cho-

lesterol binding protein that has three common iso--

forms encoded by alleles €2, £3, and e4. Association
studies have revealed that apolipoprotein E geno-

~type (APOE) is an important susceptibility locus for
-sporadic and familial late-onset AD in most ethnic

and racial groups.™” Risk of AD increases and age at
onset decreases as a function of the dose of e4.

 APOE may interact with other genetic and environ-

mental factors including head injury,’ smoking,'
cholesterol' and estrogen'? in modulating risk.
Parental age at birth has been intensively scruti-
nized as a potential risk factor for AD. The rationale
for these studies is based on the clinical, pathologi-
cal and neurochemical similarities between AD and
Down syndrome and evidence suggesting that the
two disorders aggregate in families more frequently
than expected.”®™ Because the risk of Down syn-
drome rises with increasing maternal age, it was

~ postulated that late maternal dge-is associated with
~risk of AD. The findings are inconsistent. Many
studies did ‘not :show a maternal age - effect,
‘whereas others reported an association with late -

14-24

maternal age”>' and young maternal-age."

offspring of younger fathers has been observed.'***

Paternal age effects were not evident in.the chta of .

White et al" or Hofman et al.”'

The reasons for these 1nconsxslem paucms are
unknown but may be 1ela1cd to modifying cffects by -

other genetic and non-genetic factors. In this study,
we examined evidence for an interaction between
APOE genotype and the parenting ages of mothers
and fathers. o

‘Methods

Subjects

Subjects for this stiidy are participants from eight

centers in' ‘the 'MIRAGE ' (Mult-Institutional
Research in Alzheimer. ‘Genetic Epidemiclogy)

Project. The'groups participating‘in this study.are:
The Alzheimer’s ‘Disease ‘Resource "and Referral

Center at the Boston University Medicdl :Center
(BU); the Geriatric-‘Research ‘Education
Clinical Center, Edith Nourse Rogers Memorial
Veterans Hospital,
Wesley Woods Center at Emory University, Atlanta
GA (Emory); the Memory Disorders Unit of the
Massachusetts General Hospital (MGH); the Wien
Center at Mount Sinai Medical Center in Miami
Beach, FL (Miami);

"Bedford, MA (Bedford); the

and

the Southern California -

Alzheimer’s- Disease Diagnostic and Treatment

Center at the Rancho Los Amigos Medical Center,
Downey, CA (USC); the Alzheimer Disease Patient
Registry at the University of Washington, Seattle,
WA (UW); and the Psychiatry Clinic at the
Technical University of Munich, Germany
(Munich). MIRAGE cases at these centers except

UW are consecutively ascertained from ‘a elifiie=
based population of patients referred -for:diagnosis
of a memory disorder. UW subjects were identified -
through surveillance of approximately 23000 par--

ticip ants’’ of -a- "large" ‘health- 'main’t'en'an'ce 1‘organiza—

~The inifluenice of paternal age has also been coit-
sidered. Urakami et al”® found a significant 4.9 year
increase in paternal age among a series of 77
patients and 35 controls from Japan. A smaller but

highly significant increase in paternal age was.

reported in a much larger study in Scotland.”* Three
other studies reported a 1.4 year higher paternal age
in AD cases, but these differences were not signifi-
cant perhaps because of small sample size.'%'”? In
contrast, a significant increase in risk of AD among

p1ocedures, and Lhe protocol for collectmg family
history information are .published elsewhere*:

Parental .ages were calculated from date of .birth

information provided by a:primary informant on a
family history questionnaire. This information was
verified by other informants and available medical

‘records.

Of -the 1470 MIRAGE cases from -these centers

~ with complete family histories and known parental




ages who met NINCDS/ADRDA criteria for defi-

= ite or probable AD;M DNA was obtained from 106

autopsied subjects and 496 living subjects. These
-602 patients (264 men and 338 women) had a mean
age at onset of 70.5 +10.0 years (range 35-95 years).
The groups of subjects with AD enrolled in this
study .and subjects with AD who were excluded
because they could not be genotyped for APOE had
similar (39.9% wvs. 39.0%, respectively) proportions
of probands having a positive family history
(defined as one or more affected first-degree rela-
tives). However, there were 7.9% more males in .the
group genotyped for APOE (p = 0.002). Also, this
group of patients had a mean age at onset of symp-
toms 1.5 years earlier than those who were unavail-
able for DNA studies (p = 0.002). These differences
in gender and age at onset are attributed to the rela-
tively high proportion of MIRAGE cases from the
Bedford site who were genotyped for APOE (81% vs.
" 41% at other sites). The Bedford patient series is
younger, almost exclusively male and enriched for
“early-onset cases.

Control data were obtained from 10333 partici-
pants of the Framingham Study.® In 1950, 5209
adult residents of the town of Framingham,
Massachusetts were enrolled in a longitudinal study
- of .health. - This cohort contained approximately
equal numbers of men and women aged 30 to
62 years. The majority were the 4 469 respondents of
6 510 persons selected in a two-thirds stratified sam-
pling of the adult population of the town. Another
portion of the cohort, 740 men and women, were
volunteers who were the spouses of persons in the
._sample. Pertinent medical history, psychological,
" family history, life-style, and demographic data have

been systematically collected over biennial exami-

nations since 1950. The remainder of the
~Framingham Study pepulation - comprises-children
of the original cohort who are participating in a

parallel Jongitudinal study known as the Offspring
study. These subjects were enrolled in 1971 and are
~ currently between the ages of 30 and 85 years, with
the majority of subjects older than 45 years. Dates
of birth for parents of Original Cohort Study sub-
jects were obtained from death certificates.
Dementia has been assessed longitudinally in
Framingham participants since 1976 using a
neuropsychological test battery and hospital
surveillance.”’ Subjects with suspected cognitive
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impairments are called back for a full neurological

and neuropsychological examination following a::
standard protocol.™ Approximately 182 cases were .
demented (among .whom Ii11.met criteria {or:proba- -

ble AD),* and these subjects were. deemed ineligible
as controls. Of the remaining. subjects, 1.618 were

typed for ApoE isoforms and thus were available for -

matching with the AD cases. APOE-allele frequency

data for Framingham Study members has been ..

reported previously.

For analytical purposes, the 602 subjects with AD _

were eligible to be matched with controls based on

gender, year -of birth, and -onset age. Specifically, -
cases and controls were frequency-matched by :
ategories - (1895~1910, ..
1911-1920, 1921-1930, 1931-1945). Age -at onset.in . ..

year of birth .using four.c

the patient was- frequency-matched:with.: the censor-

ing age (current age:or.ageat.death):in-the control...
subjects -using :nine: .age:.categories (< 44, 45-54,. .
- 55-59, 60-64; 65-69, 70-74,..-74-79, 80-84, =85 '

years). Nineteen patients with AD had no matched
controls  and were subsequently excluded. Up to

three controls were matched to each of the remain-

ing 583 cases, yielding 1 508 controls. Demographic
characteristics of the final sample of cases and con-
trols are given in Table 1.

Table 1. Demograph/c characteristics of pcmenfs wn‘h
AD and controls

AD patients Conftrols
Characteristic N % N %
Gender ‘

Male 254 43.4 674 44.7
Female 329 56.4 834 . . 553.
Age group- N L

<44 - 1. .02 .+ 8. .02 ..
45-54 .39 6.7 . 117 7.8
55-69 .48 74 76 5.0
60-64 7T 77 U id2 T 188 121
__65-69 - 1038 _17.7 182 - 1241 -
70-74 S 1e o 197 345 22.9
75-79 132 22.6 385 . 255
80-84 ... .B7.... 9.8, 171 11.3 .
>85 6 27 .46 3.0
Birth cohort ‘
1895~1910 137 23.5 404 26.8
1911-1920 276 47.3 805 53.4
1921-1930 128 22.0 209 13.9
1931-1945 . 42 7.2 Q0 6.0
Total 583 1508
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APOE genotyping
The APOE assay for the AD cases was performed by
polymerase chain reaction (PCR) gene amplifica-

tion as described previously.™ Methods for the:

determination of APOE genotypes in the two
Framingham Study cohorts were described else-
where. ¥

‘Analytical procedures

The 10 subjects with the €2/e2 genotype (one case
and nine controls) were grouped with the £2/¢3 het-
erozygotes. Analysis of variance techniques were
employed to compute least squares means [or
parental ages, taking into account the frequency-
matching design.* Mean parental ages for each
APOE genotype group of cases were compared by
Duncan multiple range test." The -irfluence of
APOE genotype and parental ages on the odds of
developing AD was assessed using conditional logis-
tic regression procedures, taking into. account the
frequency matching design.” To accommodate the
polychotomous classification of APOE genotype in
the regression analysis, four indicator variables were
constructed representing the genotype classes €2/2
or e2/e3, e2/e4, e3/e4 and e4/e4. These variables
took on the value of 1 if the subject had the corre-
sponding genotype, and 0 otherwise. According to
this scheme, the £3/e3 genotype was considered as
the referent. Models were evaluated using the
PHREG procedure in SAS.* Comparisons of the
relative fit of hierarchal models were carried out by
computing the difference in the -2 In'likelihoods
for the models, which follows a 7 distribution.

and APOE genotype, subjects were classified into

Table 2. Disfribution of APOE genotype in patients with
AD arjd confrols

10 discrete groups based on combinations of the
five APOE classes and two, parental age categories . .
(young or old) using the medians of 31 years and 28

years for paternal age and maternal age, respec-

tively, as the cut-off. Risk ratios for developing AD
were calculated for each parental age and APOE .
genotype group using conditional logistic regression

analysis and comparing the odds for old »s. young

within each APOE group. Standard errors and the

covariances among the estimators were used to-con-

struct - confidence intervals (CI). A formal test of
interaction was accomplished by considering a.con- -
ditional logistic regression model with dlimmy vari-

ables [or old parental age -and-APOE genotypes as -
well. as corrésponding interaction terms -for these .
variables. A likelihood ratio test was applied-to com-
pare this model with -one without the interaction -
terms. AR '

Resulis .

Table 2 shows that the distribution of APOE geno-
types was significantly different between patients
with AD and controls (3 = 375.4, p < 0.0001). Most .
of this difference is attributable to the three-fold
higher frequency of 4 (38.8% ws. 11.6%; p < 0.0001)
and a two-fold lower frequency of €2 (3.3% vs. 7.7%;
Fisher’s Exact test, p = 7.8 x 10™®) among patients.
Excluding the persons who have e4, the frequency of
€2 was still higher among controls than cases (8.6%
vs. 6.0%; Fisher’s Exact test, p = 0.08), favoring the

Table 3. Lease square mean paternal and maternal
ages by APOE genotype*

'AD patients * Confrols

Controls
APOE genotype N % N - %
£2/e2 102 9 06
£2/e3 24 4.1 184 12.2
e2/ed 13 2.2 - 30 20
£3/e3 192 32.9 985 65.3
e3/e4 266 45,6 279 18.5
ed/ed 87 14.9 21 1.4
Total 583 1508

No. 3June]997 By

APOE ,
genotype N  Mean N Mean Value
€2/e3- pateinal - 25  38.3 193 31.9 NS
maternal 30.1 28.3 NS
e2/ed patemnadl "TT13 T 28T 30 312 NS
maternal 27.6 29.4 NS
e3/e3 paternal 192 31.6 985 31.4 NS
matemal 28.3 27.8 NS
e3/ed4 pafternal 266  33.3 279 30.8 < 0.0001
maternal 29.5 28.0 0.007
ed/ed paternal 87 316 21 31.4 NS
maternal 28.0 28.6 NS
Al patemnal 583  32.1 1508 31.0 0.004
matemnal 28.9 28.1 <0.02

*adjusted for gender, age and year of birth.,
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Table 4. Odds ratios for deve/op/ng AD occo;cl/ng to pcﬁema/ age, maternal age, and APOE genotype derived

from logistic.regression models. .

Paternal age  *Matemnal age® APOE £2/¢3 APOE ¢2/¢4 APOE €3/e4 - APOE ¢d/e4 -
‘Model OR Cl OR Cl OR Cl OR cl OR Cl. OR Cl
] 122 1.06-1.40 '
2 1.28 1.08-1.48
-3 1.12 0.93-1.34 . 0.94-1.45 : , o
4 0.65 0.42-1.03 226 1.14-4.49 4.62 3.65-5.84 20.67 12.42-34.40
5 1.23 "1.06-1:42 0.65 041-1.02 233 1.18-4.63 4.60 3.64-56.83 20.83 12.50-34.73
6 1.26 1.05-1.49 0.65 041-1.02 223 1.12-443 4.56 3.60-5.78 20.76 12.45-34.59
7 1.16 0.96-1.41 1.12 0.88-1.41 0.65 041-1.02 230 1.15-4.56 4.58 3.62-5.80 20.84 12.50-37.74

*based on 10-year increase, OR = odds ratio, Cl =

95% confidence interval.

-Odds ratios for APOE geno‘rypes derived assuming a reference odds ratio of 1 for APOE e3/e3 geno’rype

hypothesis that this allele may confer a protective
effect.™ -

Mean parental ages for cases and controls accmd- .
ing to APOE genotype are presented. in Table 3.
- Among the total group of cases there was suggestive
evidence from analysis of variance that paternal
ages differed among the APOE genotype groups
(» < 0.06), but maternal age did not (p = 0.28). The
€3/e4 heterozygotes had a mean paternal age 1.6
years older than the mean for patients with €3/e3
(p < 0.02) or e4/e4 genotypes (p < 0.07), and 5.2 years
~ older than the mean for €2/e4 patients (p = 0. 0n).

Joint evaluation of all patients with AD suggested
that €2/e4 cases had younger fathers than other
cases, although there are small numbers here.
Among controls, there were no differences in mean
paternal or maternal ages by APOE genotype.

Without adjusting for APOE genotype, AD cases
_ had significantly higher mean paternal (p = 0.004)
. and maternal (p <0.02) ages than controls. To put
this finding in perspective, a 10 year increase in
- paternal age increases the.odds of developing AD
1.22 times (Table 4). A nearly identical odds ratio
was obtained for maternal age. Comparing cases

had a mean paternal.age that was 3.1 years younger
than that of controls, but this result did not attain

‘statistical significance: (p = 0.20), perhaps- bec"luse :

of the small sample size.

In order to evaluate the: ]oml effecls of mothers’ -

and fathers’ ages and individual APOE genotypes,
conditional logistic regression models considering
both maternal and paternal ages and -APOE geno-
type as predictors of AD were examined.. Table 4
shows that risk of AD increases approximately 1.25

times for each 10 year increase in paternal age or ~

maternal age (models 1 and 2). These observations
and the findings that maternal and paternal ages
are highly correlated (cases r*= 0.69, controls
7%= 0.66) and the model comprised of both paternal
and maternal ages was significant (p < 0.006) when
the individual variables were not (model 3) suggest
that paternal and maternal ages are confounded.

~ Adding APOE genotype to these models (without
considering interaction) does not substantively alter::

these observations :with .respect to palemal ages
(models 4-7).

Table 5..displays ‘the odds -ratios f01 developmv-v--

AD among older parents vs. younger parents within

with confrols in’ the €374 group, Table"3"shows that
paternal ages of patients with AD were on average
2.5 years older (p <0.0001) and maternal ages were
1.5 years older (» = 0.007) than those among con-
trols. Based on a 10 year increase in paternal age,
this difference corresponds to-odds for subjects in
this group developing AD of 1.55 (95% CI=
1.22-1.98; p = 0.0005), while a 10 year increase in
maternal age yielded an increased odds of 1.41 (95%
CI = 1.05-1.63; p = 0.02). Cases in the e2/e4 group

each -ARQOE genotype gratip: [li¢ resulis suggest

that-the effect-of paternal age is similar.among sub-
jects in the APOE e3/€3, €2/e3 and :€4/e4 groups
with ~odds ratios varying from 1.2-1.3, -although

none of these ratios is significantly different from

1.0. Among subjects with the £3/g4 genotype, having
an older father significantly increases the odds of
AD 1.79 times. Small numbers of those with the
£2/e4 genotype limit our ability to interpret the
lower risk of AD among subjects with older fathers.
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Table 5. Odds ratio for developing AD among persons with older parents relative to persons with younger parents

by APOE genotype
Young Old :
’ : parental age” parental age# - 98%
APOE , Odds Confidence
genotype  Parents Cases Confrols Cases - Controls Ratio linnits
£3/e3 Fathers 93 535 99 450 1.34 0.98-1.84 .
- Mothers 106 : 570 86 415 1.13 0.82-1.56 .
e2/e3 Fathers 12 - 96 13 97 1.16 0.49-2.68
Mothers 11 113 14 80 2.26 0.95-5.33
g2/ed Fathers 9 ' 18 4. N P 0.54 0.12-2.32
Mothers 6 17 7 13 1.38 0.36-5.25
e3/ed Fathers 120 167 146 112 1.79 1.26-2.54
Mothers 129 ‘ 155 147 124 1.62 1.14-2.30
ed/ed Fathers - b2 13 35 -8 1.26 0.47-3.41
Mothers 49 15 38 6 2.06 0.72-5.88

*Young paternal age < 31 year, young maternal age < 28 year, #Old paternal .age 32 + year, old ‘materndl age

29 + yeor

Despite the apparent variable effect of paternal age
on risk of AD across APOE genotype groups, formal
tests of interaction were not significant. Subjects
with older mothers had an increased risk of AD in
all APOE groups with odds ratios ranging from
1.1-2.3, however, only the odds ratio among the
e3/e4 subjects was significant. While we found an
effect of parental age, particularly among €3/¢4 sub-
jects, this effect is overshadowed by the effect of
APOE &4 which confers odds ranging from 2.3-4.6
among heterozygotes to 20 among subjects homozy—
~ gous for this allele (Table 4).

AY

Discussion

We evaluated the joint effects of APOE genotype
and parental.ages on risk of AD among 583 rigor-
ously diagnosed and consecutively ascertained
patients with AD who were matched to three control
subjects on the year of birth, sex and survival age.

" higher paternal and maternal ages than controls. As
shown in Table 3, these associations were particu-
larly evident among persons who have the APOE
e3/e4 genotype. Interestingly, there was a trend
toward decreased parental age among £2/e4 cases
compared with €2/e4 controls, but a much larger
sample of subjects with this genotype is needed to
draw firm conclusions. Multivariate analyses failed
to remove the parental age effect (Table 4) and also

No.:3:June:1997

suggested ‘that ‘maternal .and paternal ages are 100
confounded to resolve whether it is the father’s age
or the mother’s. The parental age effect appeared to
be strongest among subjects with the APOE e3/e4
genotype (Table 5).

Before seeking a biological explanauon for the
association between parental age and risk of AD, it
is necessary to explore assiduously possible biases in
the selection of subjects or artefacts in the results.
The patients with AD in this study were ascertained
from specialty clinics for memory disorders and
may not be representative of all patients with AD.
Our sample consisted primarily of white, educated,
middle-class subjects. This ascertainment may be
related to parenting ages of their mothers and

fathers, ‘but in’ ordef'to distort the  association -

between parental age’ “and” APOE genotype, the
ascertainment would have to bé rélated to APOE,"
which is unlikely. The average onset age ‘of persons
attending these clinics, particularly those who were

than the average for affected persons in‘the general
population. However; this-difference did not appear -
to bias our results-since -parental -age -effects were
evident among both early-onset and late-onset sub-
jects. All patients met criteria for probable or defi- -
nite AD. The dlSlllbutlon of APOE genotypes in
these patients is comparable with those reported for
other clinical and epidemiological populations.”***
This sample is therefore valid for addressing the




question whether risk of AD is influenced separately

- or by an interaction of parerital age and APOE geno-

type.
There is also a potential concern of recruitment

~ bias since the cases and controls were drawn from
~distinct populations and may have had different.

patterns of exposure to non-genetic factors associ-

- ated with parental age. However, it is unlikely that

our results were biased by gender or secular trends
in age at parenting because cases and controls were

. frequency matched for sex and year of birth. Factors

- pertinent to our analysis including family history. of
-dementia and parental dates of birth are subject to

greater recall bias in the AD cases because many of

. the parents and siblings of controls were inter-
viewed personally. To minimize this possibility, -

multiple informants were used in data collection for
each patient with AD, which has been shown to be

“very reliable in family studies of AD,* and cases

lacking -dates of birth for both parents were
excluded. Moreover, it is difficult to explain how
selection or recall bias would account for the vari-
ability of parental ages across APOE genotype
among AD cases only.

We also wondered whether age at parenthood is a
surrogate measure of socioeconomic status. For

- example, several reports suggest that education level

is associated with risk of AD.** To explore this
possibility we included education level and terms
for its interaction with parental age and APOE
genotype as predictors in the logistic models.
Results of these analyses (data not presented) did
not change any of our conclusions regarding the
association ofpalental age on 1isk of AD

_30us report in whlc_h We found an 1ncreased risk of
AD in persons with young rather than old fathers.?
-.However, this-association was limited to late-onset

" -patients only. Analysis of this subset of patients in
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paternal occupation.”’ However, in that study the
5 \

effect” of ‘'maternal age was removed when bothi-

father’s age and mother’s age were entered into the

model, whereas in our data ‘the maternal -age and:
paternal age effects could not be disentangled. Qui+
findings;, particularly evidence for a variable patterii™
of association between pareiital age and:risk across °
APOE genotypes, may:-explain-thé lack of ¢onsisterit
findings across studies'for parental age as'a risk fac--
tor for AD. Failure:to distinguish APOE genotypes -
could “have masked differences in parental age’
.among -patients and controls. For example;-our data

in Table 3 show no evidence for paternal or matei-

nal age effects among cases and controls -with ‘the -
APOE e3/¢3 genotype.'Lack of a consistent ‘parental

age effect in previous studies may ‘dlso'be-related 'to
small sample size and selection of controls.

At the present time there are no simple biological -

explanations for our findings. Mechanisms :for a

paternal-age -effect based on Mendelian inheritance

or shared environmental factors are unsatisfactory
because they don’t account for a unique male influ-
ence. Moreover, a plausible hypothesis must con-
sider several observations from our study. First, the
relative magnitude of the parental age effect on risk
of AD is small (10 year odds ratios of about 1.25 in
the total group and 1.6 among APOE £3/e4 subjects)
when compared ‘with ‘that for a single dose (odds
ratio of 2.2-4.4) or double dose (odds ratio of
5.1-30.1) of APOE 4. Second, the parental age
effect is significant among e4 carriers but not among
€3 or &4 homozygotes. The relatively large impact of
g4 homozygosity may completely overshadow a
parental age -effect in persons with this genotype.

Third; thereds suggestive evidence that paternal age: -
has an opposite effect among:€2/e4 and e3/e4 sub-
jects. Fourth, because “the ‘maternal age -effect is:
it 487
entirely possible that paternal age and maternal age -

confounded with--the -paternal age -effect,

Py

L bt

“the current data set (without stratifying for APOE

genotype) demonstrated a similar but non-significant

pattern (AD cases n = 423, least squared mean =
+31.9%0.7; controls n = 1 129, least squared mean =

325207, p = 0.5). _

Among other large studies, our results for the
total group are consistent with data of Whalley ez
al** who found higher paternal ages among 390 pop-
ulation-based patients with AD. compared with 780
controls matched for year and place of birth and

are surrogate measures for another yet unidentified

risk factor. Taken together, :these ﬁndmgs suggest
that paternal age and maternal age may be mod1fy— -

ing factors rather than primary effects.

How might parental age modify the effect of
APOE genotype on risk of AD? The observation of
decreased methylation in sperm DNA compared
with other tissues of a 3'CpG island in the APOE
gene” is consistent with a genomic implinting
hypothesis for the paternal age effect in AD,” but
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direct proof is lacking. The maternal age effect, on
hand, may be related to increased
frequency. of mitotic non-disjunction. Several inves-
tigators observed aneuploidy of peripheral lymp-
hocytes in patients with AD, especially in familial

- cases,”™ but this finding was unconfirmed in other

studies.*® Buckton et al”” suggest that aneuploidy
is more likely related to processes concerned with
aging than specifically linked to AD. Hormonal
changes in older mothers may alter the intrauterine
environment and its influence on the developing
fetal brain differently according to APOE genotype.

The parental age effect might also reflect an age-

related increase in germ-line mutations in paternal
and perhaps maternal gametes. In order to avoid
elimination by selection, however, the effects of such
-mutations must not be deleterious until after repro-
~ductive age. It is well recognized that the frequency
of new mutations for many rare Mendelian disor-
ders is associated with increased paternal age, but
this relationship is difficult to document for
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