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ABSTRACT

Studies of the familial aggregation of Alzheimer|s disease have primarily used samples ascertained from tertiary care
clinics which may not be representative of many AD patients\ for example those residing at geriatric nursing homes[
Survival analysis was used to investigate whether estimates of familial aggregation of AD based on a clinic!based
AD proband "C!AD# sample "probands] N � 433^ _rst degree relatives^ N � 3156# di}er from one ascertained at a
nursing home "NH!AD^ probands] N � 114^ _rst degree relatives] N � 0661#[ The cumulative survival from AD was
signi_cantly worse in relatives of the C!AD probands and the overall relative risk "RR# of AD in this group was
greater than twice that of relatives of the NH!AD probands[ However\ age at onset in C!AD probands was
signi_cantly earlier than in the NH!AD group and in both groups this factor was negatively associated with familial
aggregation[ When\ for this reason\ the proband samples were matched one!to!one by age at onset\ dropping those
probands with no match\ the two curves were close to identical and the RR for the C!AD group of relatives was 0[9[
The results suggest that estimates of familial risk of AD based on C!AD samples are not applicable and overestimate
the extent of increased risk for relatives of more prevalent\ later onset AD probands[ However\ the overestimate can
be explained by the typically earlier age at onset in C!AD samples as opposed to a sampling bias related to the
proband|s family history status per se[ The relationship between onset age and familial aggregation suggests that no
single estimate of the age!dependent risk "survival curve# is uniformly appropriate for relatives of AD probands[
Copyright Þ 1999 John Wiley + Sons\ Ltd[
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INTRODUCTION

Several genes are now known to either directly
cause Alzheimer|s disease "AD#\ in a very small
fraction of cases\ or increase the risk of the disease\
in a far larger proportion "Levy!Lehad et al[\ 0884^
Saunders et al[\ 0882^ Tanzi et al[\ 0882#[ Beyond
the genes already identi_ed\ family history studies
of AD indicate the presence of additional power!
ful\ but as yet unidenti_ed familial:genetic factors
"Farrer et al[\ 0884^ Li et al[\ 0885#[ These familial
aggregation studies of AD have primarily relied on
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patient samples derived from clinics associated
with academic research centers "Lautenschlager et
al[\ 0885^ Li et al[\ 0880^ Silverman et al[\ 0883a#
and such samples may not wholly represent the
larger AD population[ It is certainly the case\ for
example\ that most AD probands in clinic!based
studies "C!AD# have onset ages that are markedly
earlier than one would expect from the overall
incidence of AD which appears to peak after age
74 "Hebert et al[\ 0884#[ It is unclear\ however\
whether such samples have increased familial
aggregation compared with an AD proband sam!
ple whose families have not actively sought out
treatment from a tertiary medical care center[
Dementia is a common and still a generally unre!
mediable condition of old age and the treatments
that are available are frequently unknown to
primary care physicians who also tend to under!
diagnose the condition "Brodaty et al[\ 0883#[
These factors may contribute to a select group of
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patients and families who seek tertiary clinical
care[ It is possible that the presence of a previously
a}ected relative may increase a family|s or
patient|s desire for more aggressive evaluation and
treatment options[ In contrast\ placement of
demented residents into chronic care facilities is
usually related to severity of dementia or lack of
appropriate outpatient support services[ This leads
to the hypothesis that there is biased ascertainment
in geriatric clinics due to the familial characteristics
of the proband and\ hence\ greater familial loading
for AD among AD probands ascertained in a
specialized geriatric clinic compared with those
ascertained in a chronic care facility[

The disproportionate number of early onset
cases in clinic!based samples complicates testing
this hypothesis[ Onset age is negatively associated
with increased familiality of AD "Heun and Maier\
0884^ Lautenschlager et al[\ 0885^ Li et al[\ 0884^
Silverman et al[\ 0883a#[ Thus\ a clinic sample
might have a relatively increased familial aggre!
gation owing to the over!representation of early
onset cases\ unrelated to a bias directly due to
the familial characteristics of a proband[ However\
whether because of characteristics of treatment
seeking families or proband age at onset\ if the risk
of AD in relatives in C!AD probands is in~ated\
then the true familial risk of typical AD may be
lower than has been generally observed in studies
to date\ relying as they have on primarily C!AD
samples[ To clarify this issue\ the present study
compared the familial aggregation of AD in AD
probands from a clinic!based sample with familial
aggregation of AD in AD probands in a nursing
home population\ with and without consideration
of the age at onset in the AD proband[

METHODS

Probands

The C!AD probands were ascertained from con!
secutively evaluated outpatients meeting the
National Institute of Neurological and Com!
municative Disorders and Stroke and the Alzh!
eimer|s Disease and Related Disorders Association
"NINCDS!ADRDA# criteria for probable AD
"McKhann et al[\ 0873# in the memory disorders
clinic at Mt[ Sinai\ Bronx Veterans A}airs\ and
Elmhurst General Hospitals[ Some of the pro!
bands in the present sample were included in pre!
vious reports "Silverman et al[\ 0883a#\ but there

is no overlap with other studies focusing on the
questions examined here[ The nursing home
sample of AD probands "NH!AD# was ascertained
from a list of current Jewish Home and Hospital
for Aged "JHHA# residents with an AD diagnosis
ordered by their institutional ID number deter!
mined in part by their admission time[ The JHHA
is a 0299 bed nursing home facility with sites in
Manhattan and the Bronx[ A subset of the NH!
AD sample was clinically evaluated for AD based
on NINCDS!ADRDA criteria for probable AD by
a diagnostic team supervised by the same clinician
"DBM# who supervises C!AD diagnoses[ The
majority of probands\ however\ were diagnosed
through direct clinical assessment by geriatric
physicians using ICD!8 criteria[ Because this diag!
nostic procedure was used for most NH!AD pro!
bands\ we _rst compared the two NH!AD
subsamples in terms of their demographic and
familial characteristics before making the larger
comparison between C!AD and NH!AD samples[

Assessment of _rst de`ree relatives

As described in detail elsewhere "Silverman et
al[\ 0883a#\ _rst degree relatives of AD probands
were identi_ed using the Alzheimer|s Disease Risk
Questionnaire "ADRQ# "Breitner and Folstein\
0873#[ For each relative\ this instrument was also
used to collect the birth year\ sex\ current age or
age at and cause of death\ and to screen for poss!
ible dementia\ cognitive impairment\ or memory
loss of any type[ If any such condition was
suggested\ the Dementia Questionnaire "DQ# was
administered for that relative to assess for AD
"Silverman et al[\ 0875#[ The DQ is a 49 item ques!
tionnaire focused on ascertaining whether a
dementia is present and\ if so\ determining its spec!
i_c type[ Relatives were classi_ed as AD according
to previously published criteria "Silverman et al[\
0889# similar to DSM!IV criteria for Dementia of
the Alzheimer|s Type\ but modi_ed for informant
based assessment[ Previous studies of this assess!
ment methodology have found very good inter!
informant "Silverman et al[\ 0875# and testÐ
retest reliability "Silverman et al[\ 0889#[ The DQ
has demonstrated excellent sensitivity and speci!
_city for identifying dementias in a group of elderly
independently ascertained through direct clinical
assessment "Kawas et al[\ 0883#[ In addition\ in a
study of a series of former nursing home residents\
the informant!based DQ diagnoses were compared
with independent neuropathological examinations^
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the family history method|s sensitivity for AD was
found to be only slightly less strong than direct
clinical assessment and it|s speci_city was virtually
at the same level "Li et al[\ 0886#[

Statistics

In addition to conventional chi!square and
students t!tests\ we used actuarial life table method
to construct cumulative survival curves for each
group[ These curves were compared using the log
rank test[ The Cox proportional hazards model
was used to assess the relative risk "RR# of AD in
the family members of the C!AD probands using
the relatives of the NH!AD proband sample as the
reference group[ The Wald statistic was used to test
the null hypothesis that the population regression
coe.cient is equal to zero "Klein and Moes!
chberger\ 0886#[

RESULTS

Diagnostic assessments were collected on 3156 _rst
degree relatives of 433 C!AD probands and 0661
_rst degree relatives of 114 NH!AD probands[
Table 0 provides demographic data on the two
proband groups as well as their respective relatives[
In addition\ Table 0 provides the same information
in the two subsamples of the NH!AD probands\
i[e[ those diagnosed either by NINCDS or ICD!8
criteria[

The two NH!AD subsamples were _rst com!

Table 0[ Demographic and disease characteristics of C!AD and Nh!AD probands and their _rst degree relatives�

Proband Probands First degree relatives

group

N Onset$ Age% Female ")#& N Age' Female ")#> AD�� Onset$$

C!AD 433 58209 6228 204 "46[7# 3156 46212 1053 "49[6# 125 61204

NH!AD 114 79209 7726 065 "67[1# 0661 59217 762 "38[3# 66 65206

ICD!8 065 70209 7726 033 "70[7# 0406 59217 633 "38[9# 57 65207

NINCDS 38 7128 7726 32 "76[7# 144 47217 018 "49[5# 8 7927

Total 658 61200 67200 380 "52[7# 5928 47214 4926 "49[2# 202 62205

� Statistical comparison indicated below refer to overall comparisons between C!AD and NH!AD groups[ Comparisons within the
NH!AD group by ICD!8 versus NINCDS were all nonsigni_cant "all ps × 9[29#[
$ t � 03[75\ d[f[ � 610\ p ³ 9[990[
% t � 10[40\ d[f[ � 698\ p ³ 9[990[
& x1 � 17[36\ d[f[ � 0\ p ³ 9[990[
' t � 3[70\ d[f[ � 5905\ p ³ 9[990[
> x1 � 9[77\ d[f[ � 0\ n[s[
�� x � 2[47\ d[f[ � 0\ p � 9[95[
$$ t � 1[13\ d[f[ � 209\ p ³ 9[94[

pared in order to examine whether the two diag!
nostic methods used in this group led to di}erent
characteristics in the probands or their families[
The two subsamples were similar to each other
with respect to each of the categories considered
"all ps× 9[29#] proband age!at!onset\ age at inter!
view and sex\ as well as the probands| relatives|
age\ sex\ the proportion of AD cases among rela!
tives\ and the age!at!onset of those cases[ The sur!
vival curves associated with the relatives of the two
subsamples were also very similar "log rank�9[90\
d[f[�0\ n[s[#[ For example\ cumulative survival
from AD by age 89 was 9[72029[913 and
9[72629[947 in the relatives of NH!AD probands
diagnosed by ICD!8 versus NINCDS\ respectively[
Using the Cox proportional hazards model\ we
then compared the rates of familial aggregation in
the two NH!AD groups which were found to be
virtually identical "Wald statistic�9[995\ d[f[�0\
n[s[^ RR�0[9#[ Finally\ the results\ reported
below\ using the full NH!AD proband series in the
subsequent comparisons with the C!AD groups
were essentially the same when either one of these
two subgroups were used alone[

The C!AD group was then compared with the
full NH!AD group[ As shown in Table 0\ the C!
AD probands had a signi_cantly earlier age at
onset\ were younger at the time of interview\ and
were less frequently female than the NH!AD pro!
bands[ The relatives in the two proband groups
were both evenly divided by sex[ However\ the
relatives of the C!AD probands were signi_cantly
younger\ showed a trend level increased number
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Fig[ 0[ "a# Cumulative survival from AD in _rst degree relatives of all C! "_lled squares# and NH! "open circles# AD probands[
"b# Cumulative survival from AD in _rst degree relatives of C! "_lled squares# and NH! "open circles# AD probands matched for
age at onset

of AD cases and\ among such cases\ a signi_cantly
earlier age at onset[

Life tables showing the cumulative risk of AD
were constructed for the two relative groups "Fig[
0a#[ The survival curve in the relatives of the C!
AD probands fell earlier and more steeply than
the relatives of the NH!AD probands and the
two curves were signi_cantly di}erent "log
rank�20[45\ d[f[�0\ p³ 9[9990#[ By age 89\ the
cumulative risk of AD among relatives of C!AD
probands was 60[6)21[1)\ signi_cantly lower
"z�2[56\ p³ 9[990# than the cumulative survival
among relatives of NH!AD probands at the same
age\ 72[0)21[1)[ The marked discrepancy in
survival curves was diminished only at the very
latest ages of newly identi_ed cases "×age 81#\ but
reduced sample sizes in the tenth decade makes
these last estimates uncertain[ The Cox pro!

portional hazards model was then used to compare
the overall extent of the increased risk of AD
among relatives of the C!AD proband sample
against the relatives of the NH!AD proband
sample[ Relatives of the C!AD probands had more
than twice the overall risk of AD than relatives
of the NH!AD probands "Wald statistic�29[9\
d[f[�0\ p³ 9[9990\ RR�1[0 ð84) CI] 0[5\ 1[6Ł#[

Proband age at onset has been previously nega!
tively associated with risk of AD among relatives
and this relationship was present in both the C!AD
and NH!AD groups "C!AD] Wald statistic�25[3\
d[f[�0\ p³ 9[9990^ RR�9[85 ð84) CI] 9[84\
9[86Ł^ NH!AD] Wald statistics�4[5\ d[f[�0\
p³ 9[94^ RR�9[87 ð84) CI] 9[85\ 0[99Ł#[ For
this reason\ we matched probands from the two
groups one for one by age at onset\ excluding
those probands in one group with no uniquely
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corresponding proband in the other group with
the same onset age[ We used computer generated
random numbers to select probands in those cases
when there were more probands in one group to
match with the other[ This created two groups
each with 020 probands and a mean onset age of
66 years 26 years and comparable numbers of
relatives "C!AD group] N�0908^ NH!AD group]
N�841#[ Again\ AD cumulative survival curves
were constructed "Fig[ 0b#[ This time the two
curves were highly similar "log rank�9[93\
d[f[�0\ n[s[#[ Also in contrast to the full sample
comparison\ using the matched sample\ the Cox
proportional hazards model provided no evidence
for increased RR among the relatives of the C!
AD probands "Wald statistic�9[93\ d[f[�0\ n[s[\
RR�0[93 ð84) CI] 9[69\ 0[44Ł#[

DISCUSSION

Without statistically controlling for proband age
at onset\ familial aggregation of AD was observed
to be more than twice as strong among C!AD
than NH!AD proband families[ Particularly with
respect to their age at onset characteristics\ the
NH!AD proband sample is more representative of
the overall population of AD patients than is the
C!AD sample which tends to have younger pro!
bands with earlier onset of disease[ Investigations
of risk to relatives of AD probands\ however\ have
primarily employed less typical\ clinic!based sam!
ples "Lautenschlager et al[\ 0885^ Li et al[\ 0880^
Mayeux et al[\ 0880^ Silverman et al[\ 0883a\b#
and have found rates of survival from AD among
relatives at levels comparable to what was
observed in the relatives of the C!AD sample[ For
example\ in the largest familial aggregation study
of the AD to date "Lautenschlager et al[\ 0885#\
survival from AD by age 89 was 56[0) among the
relatives of AD probands ascertained from clinic
populations\ comparatively close to the 60[6) sur!
vival observed in the relatives of the present C!
AD sample\ but markedly worse than the 72[0)
survival in the relatives of the NH!AD sample[
The results of the present study suggest that risk
estimates based on clinically ascertained samples
substantially overstate the risk in relatives of the
more typical\ but less frequently studied\ very late
onset AD probands[

At the same time\ the present results suggest that
the increased familial aggregation in C!AD and
NH!AD proband families is not directly attribu!

table to an increased likelihood for more familial
cases of AD to seek tertiary medical care\ but
instead can be explained by onset characteristics
of the cases treated by such facilities[ As expected\
age!at!onset was signi_cantly earlier in the C!AD
group\ and in both groups this variable was sig!
ni_cantly related to familial aggregation[ When\
for this reason\ we matched probands by age!at!
onset\ the di}erence in survival from AD between
relatives of C!AD and NH!AD groups was
virtually completely eliminated[ The results suggest
that while C!AD samples draw very heavily from
the left\ i[e[ early!onset\ side of the distribution
of AD probands\ there is no discernable bias for
probands with relatively strong familial factors
within that part of the distribution[ The devel!
opment of AD at a relatively early age appears to
be a su.cient incentive to actively seek treatment
and we found no evidence that a positive family
history adds to it[

With regard to the strong negative association
between age at onset and familial aggregation\ it
is interesting to note that many early studies of C!
AD probands\ using the conventional\ but arbi!
trary cut o} ages of 59 and 54\ failed to _nd di}er!
ences in familial risk of AD when probands were
dichotomized by onset age "Lautenschlager et al[\
0885^ Li et al[\ 0880\ 0884#[ For reasons that are
still unclear\ however\ these ages appear to be
among the weakest points to divide probands in
order to distinguish those with greater and lesser
familial aggregation "Lautenschlager et al[\ 0885^
Li et al[\ 0884#[ Several recent studies have
approached the investigation of familial aggre!
gation and onset in AD using a variety of alter!
native and more powerful strategies and have
found familial aggregation strongly associated
with earlier onset AD "Heun and Maier\ 0884^
Lautenschlager et al[\ 0885^ Li et al[\ 0884^
Silverman et al[\ 0883a^ Wu et al[\ 0887#[ In part\
this may be due to the in~uence of APOE!o3 lead!
ing to earlier expression of AD "Blacker et al[\
0886^ Saunders et al[\ 0882#[ In this regard\ it is of
interest that the frequency of the apolipoprotein E
"APOE# o3 allele appears to be strongly increased
in a clinic!based versus community!based popu!
lation of AD "Tsuang et al[\ 0885#[ Interestingly\
and analogous to what we found with age at onset
in our study\ these investigators found the di}er!
ence in APOE allele frequencies between the two
groups was eliminated after controlling for age at
onset[ In addition to APOE!o3\ however\ there is
evidence that other\ as yet unidenti_ed\ genes also
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increase the risk of AD "Li et al[\ 0885# and likely
have age dependent expression "Silverman et al[\
0883a#[ Yet\ genetic epidemiological data suggests
that the increased risk associated with a biological
relationship with an AD proband is strongest at
relatively early onset ages and diminishes markedly
by the ages when incidence of AD peaks in the
ninth decade "Heun and Maier\ 0884^ Silverman et
al[\ 0883a#[

The two NH!AD proband subgroups "diag!
nosed either by NINCDS or ICD!8# were demo!
graphically similar and\ in survival analysis
comparisons\ showed highly similar levels of fam!
ilial aggregation[ The lack of full diagnostic uni!
formity\ however\ remains a weakness of the study
and one which might have been more problematic
if di}erences in familial aggregation between the
C!AD and NH!AD groups had been observed
even after controlling for age at onset[ Had this
been so\ these di}erences might have arisen from
reduced diagnostic accuracy in the NH!AD
sample[ Instead\ however\ the strong similarity
observed between groups after matching by pro!
band age at onset suggests that neither the di}er!
ences in diagnostic assessment nor the di}erences
in the source of ascertainment lead to di}erences
in familial aggregation that cannot be explained
by age at onset[ Finally\ had we only used either
of the two NH!AD subgroups alone the results
would have been essentially the same[

Our _ndings are relevant to physicians and
clinical geneticists who provide counseling to
non!demented patients concerned about their own
risk of AD because of a parent or sibling with the
disease[ Depending on the onset characteristics of
the relatives in question\ the reliance on most
available studies of familial aggregation may lead
to a substantial overestimate of the risk[ More
generally\ the present results underscore the
inappropriateness of using any single estimate of
the age!dependent risk of AD "survival curve# to
characterize the risk of AD to relatives of AD
probands[ Onset age is a key factor associated with
risk to relatives and a later onset in an AD proband
suggests a lower risk to their _rst degree relatives
compared to those related to probands with an
earlier onset[ It has long been established that the
relatives of AD probands with a relatively early
onset possess an increased risk for AD themselves\
but it remains unclear just how familial is very
late!onset "e[g[\ onset −74 years# AD[ The present
study suggests that that question can be pursued
through pooling clinic! and nursing home!based

samples while making onset age distinctions and
examining levels of familial aggregation[
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