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ABSTRACT

Objectives: Studies of autosomal dominant Alzheimer disease (AD) have shown structural and
cognitive changes in mutation carriers decades prior to clinical disease. Whether such changes
are detectable in offspring of persons with sporadic dementia remains unknown. We related pro-
spectively verified parental dementia to brain MRI and cognitive testing in the offspring, within a
2-generational community-based cohort.

Methods: A total of 717 Framingham offspring (mean age: 59 � 8 years) were studied. In multi-
variate analyses, we compared offspring with and without verified parental dementia (and AD) for
1) performance on tests of memory, abstract reasoning, and cognitive flexibility, and 2) volumetric
brain MRI measures of total cerebral brain volume (TCBV), hippocampal volume (HV), and white
matter hyperintensity volume (WMHV), assessed cross-sectionally and longitudinally.

Results: When testing the association of parental dementia and AD with baseline cognitive perfor-
mance, we observed an interaction of parental dementia and AD with APOE �4 status (p �

0.002). In APOE �4 carriers only (n � 165), parental dementia was associated with poorer scores
on tests of verbal memory (beta � �1.81 � 0.53, p � 0.001) and visuospatial memory (beta �

�1.73 � 0.47, p � 0.001). These associations were stronger for parental AD (beta � �1.97 �

0.52, p � 0.001, beta � �1.95 � 0.48, p � 0.001), equivalent to 14–16 years of brain aging.
Among APOE �4 carriers, offspring of participants with dementia were also more likely to show an
annual decline in TCBV in the top quartile (odds ratio � 4.67 [1.26–17.30], p � 0.02). Regardless
of APOE �4 status, participants with parental dementia were more likely to be in the highest
quartile of decline in executive function test scores (odds ratio � 1.61 [1.02–2.53], p � 0.04).

Conclusions: Among middle-aged carriers of the APOE �4 allele, parental dementia and Alzheimer
disease were associated with poorer verbal and visuospatial memory and a higher rate of global
brain atrophy. Neurology® 2009;73:2071–2078

GLOSSARY
AD � Alzheimer disease; DSM-IV � Diagnostic and Statistical Manual of Mental Disorders, 4th edition; FSRP � Framingham
Stroke Risk Profile; HV � hippocampal volume; LM-d � Logical Memory test; NP � neuropsychological test battery; PAR-d �
Paired Associate Learning test; SIM � Similarities test; TCBV � total cerebral brain volume; THV � temporal horn volume;
TrB-TrA � Trail Making Test B minus A; VR-d � Visual Reproductions test; WMHV � white matter hyperintensity volume.

Family studies have shown that first-degree relatives of patients with sporadic, late-onset de-
mentia and Alzheimer disease (AD) have a higher risk of developing dementia.1-3 The only
well-established genetic susceptibility factor is the APOE �4 allele,4 which is neither necessary
nor sufficient to cause disease.

Interestingly, in autosomal dominant familial AD, studies have shown structural and cogni-
tive changes in mutation carriers several years prior to onset of clinical disease.5,6 Whether such
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changes are detectable in offspring of persons
with sporadic dementia remains largely un-
known. Determining whether cognitive and
structural changes can be detected early in
asymptomatic offspring of patients with de-
mentia is important, as these changes might
help identify target populations for preventive
interventions and serve as quantitative endo-
phenotypes to broaden the search for genetic
risk factors underlying sporadic dementia.

Our aim was to examine the association of
prospectively verified parental dementia with
tests of memory, abstract reasoning, and cogni-
tive flexibility, and with MRI measures of total
brain volume, hippocampal volume, and white
matter hyperintensity volume in middle-aged
community subjects, both cross-sectionally and
longitudinally.

METHODS Study population. The Framingham Off-
spring Cohort has undergone 8 periodic physical and medical
examinations since 1971.7 A key criterion for enrollment was
that at least one of the participant’s biologic parents or their
spouse’s parents was a member of the Framingham Original Co-
hort. As part of an ancillary study, Offspring participants who
survived until the seventh examination (1998–2001) and at-
tended at least one of examinations between the fifth and the
seventh, or had moved away from Framingham but continued to
be followed up offsite (n � 3,623), were invited to undergo a
neuropsychological test battery (NP) and volumetric brain MRI
(1999–2005). The acceptance rate was 72%: 2,607 subjects un-
derwent NP, of whom 2,262 also had an MRI. After exclusion of
subjects with a neurologic condition that might confound the
assessment of cognitive function and measurement of brain vol-
umes and 1,855 subjects who were not informative for both
maternal and paternal dementia, the sample size for the present
analysis was 717 persons with NP and 629 with MRI (see flow
diagram, figure e-1 on the Neurology® Web site at www.neurology.
org). Participants informative for parental dementia were
younger, more educated, less likely to have hypertension, and
more likely to be smokers than noninformative participants; they
had greater brain volume, less white matter hyperintensities, and
scored higher on neuropsychological tests except for the difference
between Trail Making Test B minus A (TrB-TrA) (table e-1).

Since 2005, all participants have been invited to undergo a
second NP and MRI. Of the 717 participants selected above,
485 with a second NP and 408 with a second MRI performed
between 2005 and 2007 could be included in the longitudinal
analysis (data from 2008 to 2009 are still being processed at this
time).

Diagnosis of dementia and AD. The Framingham Original
cohort (parental generation) was screened for prevalent dementia
in 1974–1976. Participants free of dementia at inception have
been monitored for incident dementia using previously de-
scribed surveillance techniques (appendix e-1: Methods). The
diagnosis was made by a committee of neurologists and neuro-
psychologists according to the criteria of the DSM-IV for de-
mentia8 and of the National Institute of Neurological and

Communicative Disorders and Stroke and the Alzheimer Dis-
ease and Related Disorders Association for definite, probable, or
possible AD.9

Definition of parental dementia and AD. Offspring par-
ticipants with parental dementia were subjects whose mother,
father, or both had verified dementia at the time of the off-
spring’s NP/MRI (including participants whose mother or father
had died with dementia). Participants without parental dementia
were subjects whose mother and father were both known to be
alive and free of dementia, or had died free of dementia. For
parental AD similar definitions applied (participants with paren-
tal dementia other than AD were included in the group of partic-
ipants without parental AD). All analyses were performed both
for parental dementia and AD, as familial aggregation may differ
according to the type of dementia.

Neuropsychological tests. We selected a subset of tests from
the NP battery that were representative for measures of memory,
abstract reasoning, and cognitive flexibility (table e-2).10 The de-
layed recall component of the Logical Memory test (LM-d) pro-
vides a savings measure for long-term verbal memory. The
delayed recall component of the Visual Reproductions test
(VR-d) assesses long-term visuospatial memory. The delayed re-
call component of the Paired Associate Learning test (PAR-d)
measures the ability to learn new information. The Similarities
test (SIM) measures abstract reasoning skills. TrB-TrA is a
marker of executive function. We transformed TrB-TrA so that
higher scores reflected better performance.

MRI scans. MRI techniques used in the Framingham Off-
spring Study have been described previously.11-13 Briefly, partici-
pants were evaluated with a 1 or 1.5-Tesla Siemens Magnetom.
T2-weighted double spin-echo coronal sequences were acquired
in 4-mm contiguous slices. All images were read centrally blind
to parental dementia status. We computed total cerebral brain
volume (TCBV) as the ratio of total brain parenchymal volume
to total cranial volume, to correct for differences in head size.
Hippocampal volume (HV) was estimated using operator-
defined, manually traced boundaries, a previously validated
method.14 HV at the second MRI examination was available only
in a small subset of participants at this time, therefore change in
hippocampal size was estimated using change in temporal horn
volume of the lateral ventricles (THV).15 White matter hyperin-
tensity volume (WMHV) was determined according to previ-
ously published methods.12 HV, THV, and WMHV were
computed as ratios to total cranial volume.

Definition of covariates. Educational achievement was stud-
ied as a 3-class variable (no college; some college; college degree).
Vascular risk factors (systolic blood pressure, smoking, diabetes
mellitus, history of cardiovascular disease, and atrial fibrillation)
were defined as in the Framingham Stroke Risk Profile (FSRP).16

Offspring participants were categorized according to the pres-
ence or absence of at least one APOE �4 allele.

Statistical analysis. For cross-sectional analyses, TrB-TrA
and WMHV were log-transformed to normalize their distribu-
tion. Annual change in neuropsychological test scores and brain
volume measures was calculated as the difference between the
last and first measurement, divided by the time interval between
the 2 examinations. Change in neuropsychological test scores
and in brain volume measures was analyzed using quartiles, com-
paring the top quartile of change to the rest. The top quartile
represents the greatest increase for THV, WMHV, and TrB-TrA
and the greatest decrease for other measures.
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To examine the association of parental dementia and AD
with neuropsychological test scores and brain volume measures
(cross-sectionally and longitudinally), we used a multivariable
generalized estimation equation, adjusted for sex, age at examina-
tion, and sibship among offspring. For cognitive outcomes, we
also adjusted for education. Persons with missing covariate data
(�5%) were excluded from these analyses. We systematically
investigated interactions with APOE �4 carrier status.

The following secondary analyses were performed: 1) addi-
tional adjustment for vascular risk factors; 2) exclusion of partic-
ipants with stroke or dementia at baseline; 3) testing for an
association with paternal and maternal dementia or AD; 4) in-
vestigating interactions with age and sex with analyses stratified
on these parameters (for age we categorized participants as
younger than 55 years vs 55 years or older); and 5) restriction to
parental dementia by age 85 (participants without parental de-
mentia being individuals whose parents remained free of demen-
tia to age 85), as dementia occurring at a very old age is less likely
to have a strong genetic component.

Finally, to estimate the equivalency between the mean
change in LM-d and VR-d associated with chronological aging
and that associated with parental dementia, we divided the re-
gression coefficient for parental dementia by the regression coef-
ficient for age.

All analyses were performed using Statistical Analyses Sys-
tem® software (SAS Institute, Cary, NC).

RESULTS Of 717 participants, 285 had at least 1
parent with dementia: 192 had a mother with de-
mentia (mean age at dementia: 86 � 7 years), 106
had a father with dementia (mean age at dementia:
82 � 6 years), 13 had both parents with dementia.
At the baseline NP/MRI evaluation, the offspring

were 21 � 7 years younger than the mean age at
diagnosis of dementia in their affected parent; 1 par-
ticipant had prevalent dementia and 11 participants
had prevalent stroke.

For the 485 participants with data on longitudinal
change, the mean duration of follow-up was 6.15 �
1.25 years. During this period, no participant devel-
oped dementia and 3 participants developed a stroke.

Participants with parental dementia or AD were
older, were less educated, and more often carried the
APOE �4 allele compared to participants without pa-
rental dementia or AD (table 1, table e-3).

Association of parental dementia with baseline cogni-
tive performance and brain structure. Baseline cognitive

performance. Parental dementia and AD were not as-
sociated with poorer NP test performance overall (ta-
ble 2). However, we found a significant interaction
of parental dementia (and AD) with APOE �4 carrier
status in the offspring, for the association with LM-d
and VR-d. We therefore conducted analyses strati-
fied on APOE �4 carrier status (table 3).

In APOE �4 carriers only, parental dementia was
associated with significantly lower LM-d and VR-d
scores (table 3). For parental AD these associations
were similar, or even stronger (table 3). The magni-
tude of effect of parental AD on performances in
LM-d and VR-d among APOE �4 carriers was equiv-
alent to �16 years of brain aging for LM-d and ap-
proximately 14 years for VR-d.

Table 1 Baseline characteristics of informative Framingham Offspring participants, with and without
parental dementia, in the cross-sectional and longitudinal analysis

Cross-sectional analysis

p

Longitudinal analysis

p

Participants
without
parental dementia

Participants with
parental dementia

Participants
without
parental dementia

Participants with
parental dementia

No. 432 285 289 196

Age at NP, y 57.0 � 7.6 62.7 � 8.4 �0.001* 57.1 � 7.3 62.7 � 8.7 �0.001*

Women 235 (54.4) 139 (48.8) 0.140 158 (54.7) 92 (46.9) 0.095

High-school
graduate

428 (99.1) 275 (96.8) 0.028* 286 (99.0) 190 (96.9) 0.167

College graduate 217 (50.2) 108 (38.0) 0.001* 152 (52.6) 75 (38.3) 0.002*

Hypertension
(exam 7)

140 (34.2) 112 (40.7) 0.084 82 (29.0) 72 (36.9) 0.068

Active smokers
(exam 7)

72 (17.6) 34 (12.4) 0.063 43 (15.2) 19 (9.7) 0.081

Diabetes (exam 7) 40 (9.8) 25 (9.1) 0.763 29 (10.3) 17 (8.7) 0.577

APOE �4 carriers 78 (19.0) 87 (31.9) �0.001* 50 (18.0) 66 (34.6) �0.001*

Prevalent stroke
at NP

10 (2.3) 1 (0.4) 0.058 2 (0.7) 1 (0.5) 1.000

Prevalent dementia
at NP

0 1 (0.4) 0.398 0 1 (0.5) 0.404

Values are n (%) or mean � SD.
*Significant.
NP � Neuropsychological examination.
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Among APOE �4 carriers, results were unchanged
when stratifying on age (data not shown); conversely,
we found an interaction with gender for LM-d (p �
0.04), an association with parental dementia being
observed in women only (� � �2.89 � 0.66, p �
0.001).

When looking separately at maternal and paternal
dementia or AD in APOE �4 carriers, we found that

only maternal dementia or AD was significantly associated
with LM-d and VR-d (table 4), even after adjusting for age
at death of the parent, to account for differences in survival
between mothers and fathers (data not shown).

Of note, when assessing the relationship of APOE
�4 carrier status with memory performance in the
offspring overall, there was no association (� �
�0.07 � 0.32, p � 0.83 for LM-d and � � 0.15 �

Table 2 Association of parental dementia and parental Alzheimer disease (AD) with baseline cognitive and
brain MRI measures

Parental dementia

p*

Parental AD

p*

Participants
without
parental
dementia

Participants
with
parental
dementia

Adjusted
difference
in means†

Participants
without
parental AD

Participants
with
parental AD

Adjusted
difference
in means†

No. 432 285 466 218

TCBV 80.65 � 2.90 79.64 � 3.43 0.22 � 0.26 0.40 80.67 � 2.88 79.88 � 3.47 0.06 � 0.29 0.83

HV 0.35 � 0.18 0.33 � 0.05 �0.01 � 0.01 0.14 0.34 � 0.05 0.33 � 0.05 �0.01 � 0.01 0.11

log
(WMHV)‡

�3.26 � 0.93 �2.89 � 1.01 0.05 � 0.08 0.54 �3.24 � 0.94 �2.89 � 1.03 �0.01 � 0.09 0.93

LM-d 11.25 � 3.56 10.45 � 3.49 �0.25 � 0.27 0.35 11.29 � 3.51 10.29 � 3.49 �0.51 � 0.29 0.08

VR-d 8.98 � 3.11 8.02 � 3.47 �0.26 � 0.26 0.32 8.97 � 3.12 7.79 � 3.52 �0.48 � 0.28 0.09

PAS 8.57 � 1.45 8.21 � 1.52 �0.06 � 0.12 0.64 8.55 � 1.44 8.21 � 1.50 �0.03 � 0.13 0.83

SIM 17.49 � 3.40 16.74 � 3.80 �0.07 � 0.28 0.81 17.48 � 3.39 16.60 � 3.89 �0.23 � 0.30 0.44

TrB-TrA‡ 2.10 � 0.26 2.07 � 0.25 �0.00 � 0.03 0.98 2.10 � 0.25 2.05 � 0.28 �0.02 � 0.03 0.56

Values are mean � SD.
*Adjusted for age and sex; LM-d, VR-d, PAS, SIM, and TrB-TrA are also adjusted for education.
†Regression coefficients � SE.
‡Natural log-transformed.
TCBV � total cerebral brain volume; HV � hippocampal volume; WMHV � white matter hyperintensity volume; LM-d � Logical
Memory test; VR-d � Visual Reproductions test; PAS � Paired Associates; SIM � Similarities test; TrB-TrA � Trail Making
Test B minus A.

Table 3 Association of parental dementia and parental Alzheimer disease (AD) with baseline cognitive and
brain MRI measures, stratified on APOE �4 status

Among APOE �4 noncarriers Among APOE �4 carriers

p Interaction‡
Parental
dementia† p Parental AD† p

Parental
dementia† p Parental AD† p

TCBV* 0.41 � 0.28 0.15 0.20 � 0.30 0.50 �0.43 � 0.54 0.43 �0.63 � 0.58 0.28 0.15

HV �0.01 � 0.01 0.35 �0.01 � 0.01 0.23 �0.01 � 0.01 0.55 �0.01 � 0.01 0.21 0.74

log
(WMHV)

0.00 � 0.09 0.97 0.00 � 0.11 0.99 0.24 � 0.15 0.11 0.13 � 0.17 0.43 0.12

LM-d 0.18 � 0.32 0.57 0.01 � 0.35 0.99 �1.81 � 0.53 �0.001§ �1.97 � 0.52 �0.001§ �0.001§

VR-d 0.11 � 0.31 0.72 0.04 � 0.35 0.91 �1.73 � 0.47 �0.001§ �1.95 � 0.48 �0.001§ 0.002§

PAS �0.07 � 0.13 0.58 �0.06 � 0.15 0.70 �0.07 � 0.28 0.80 �0.03 � 0.28 0.91 0.74

SIM �0.18 � 0.32 0.58 �0.35 � 0.35 0.32 0.19 � 0.60 0.76 0.25 � 0.60 0.67 0.54

TrB-TrA 0.01 � 0.02 0.45 0.00 � 0.02 0.95 �0.01 � 0.09 0.93 �0.03 � 0.09 0.79 0.52

*Regression coefficients � SE.
†Difference in means, adjusted for age, sex; LM-d, VR-d, PAS, SIM, and TrB-TrA are also adjusted for education.
‡For parental dementia.
§Significant.
TCBV � total cerebral brain volume; HV � hippocampal volume; WMHV � white matter hyperintensity volume; LM-d � Logical
Memory test; VR-d � Visual Reproductions test; PAS � Paired Associates; SIM � Similarities test; TrB-TrA � Trail Making
Test B minus A.
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0.29, p � 0.60 for VR-d). When stratifying on pa-
rental dementia status, APOE �4 carriers had reduced
performances in LM-d only if they also had a parent
with dementia (� � �1.09 � 0.48, p � 0.02). A
similar trend was observed for VR-d (� � �0.71 �

0.43, p � 0.10). Conversely, APOE �4 was associ-
ated with better memory performance in offspring
without parental dementia (� � 1.04 � 0.39, p �

0.007 for LM-d and � � 1.00 � 0.33, p � 0.003 for
VR-d).

Baseline brain MRI characteristics. We found no as-
sociation of parental dementia or AD with TCBV,

HV, and WMHV overall and after stratifying on
APOE �4 status (tables 2 and 3).

Association of parental dementia with change in cogni-
tive performance and brain structure. Change in cogni-

tive performance. We observed a significant association
of parental dementia and AD with worsening perfor-
mance in TrB-TrA (table 5). There was no interac-
tion with APOE �4 (data not shown).

Change in brain MRI characteristics. We did not ob-
serve any association of parental dementia or AD
with change in brain volume measures overall (table
5). There was however an interaction of parental

Table 4 Association of maternal vs paternal dementia and Alzheimer disease (AD) with baseline logical
memory and visual reproduction scores, among APOE �4 carriers

Maternal dementia p* Maternal AD p* Paternal dementia p* Paternal AD p*

No. 159 159 130 130

LM-d† �2.18 � 0.64 �0.001‡ �1.82 � 0.70 0.009‡ �0.44 � 0.60 0.465 �0.98 � 0.59 0.098

VR-d �1.86 � 0.57 �0.001‡ �1.75 � 0.63 0.005‡ 0.04 � 0.56 0.947 �0.27 � 0.57 0.628

*Difference in means, adjusted for age, sex, and education.
†Regression coefficients � SE.
‡Significant.
LM-d � Logical Memory test; VR-d � Visual Reproductions test.

Table 5 Association of parental dementia and parental Alzheimer disease (AD) with quartiles of change in
cognitive and brain MRI measures

Parental dementia

p†

Parental AD

p†

Participants
without
parental
dementia, %

Participants
with parental
dementia, % OR (95% CI)*

Participants
without
parental
AD, %

Participants
with parental
AD, % OR (95% CI)*

No. 289 196 315 148

TCBV,
mean � SD

19.9 32.7 1.48 (0.91–2.41) 0.12 21.6 31.5 1.17 (0.69–1.99) 0.56

THV 22.4 29.0 0.83 (0.49–1.41) 0.49 21.9 32.3 1.01 (0.59–1.75) 0.96

WMHV 22.4 29.0 0.71 (0.42–1.20) 0.21 22.7 29.0 0.70 (0.41–1.20) 0.20

LM-d 23.7 26.7 1.13 (0.73–1.77) 0.58 24.3 27.2 1.13 (0.70–1.84) 0.61

VR-d 23.8 26.4 0.91 (0.58–1.45) 0.71 22.8 28.3 1.06 (0.65–1.73) 0.81

PAS 23.8 26.3 0.97 (0.64–1.47) 0.88 23.4 28.7 1.13 (0.72–1.78) 0.59

SIM 26.0 23.6 0.75 (0.49–1.16) 0.20 24.8 24.5 0.85 (0.53–1.34) 0.48

TrB-TrA 20.1 32.6 1.61 (1.02–2.53)¶ 0.04‡¶ 20.3 33.6 1.67 (1.04–2.69)¶ 0.03§¶

The boundaries for the highest quartile of change were �0.375 for TCBV, 0.004 for THV, 0.018 for WMHV, �0.301 for
LM-d, �0.327 for VR-d, �0.148 for PAS, �0.315 for SIM, 0.061 for TrB-TrA.
*Odds ratio (95% confidence interval), comparing the odds of being in the highest quartile of change for THV, WMHV, and
TrB-TrA, and the lowest quartile of change for all other measures in participants with parental dementia or AD vs partici-
pants without parental dementia or AD (change being the difference between measurements at the last vs first neuropsy-
chological/MRI examination).
†Adjusted for age and sex; LM-d, VR-d, PAS, SIM, and TrB-TrA are also adjusted for education.
‡p � 0.047 and §p � 0.02 after additionally adjusting for systolic blood pressure, current smoking, history of diabetes
mellitus, cardiovascular disease, and atrial fibrillation.
¶Significant.
TCBV � total cerebral brain volume; THV � temporal horn volume; WMHV � white matter hyperintensity volume; LM-d � Logical
Memory test; VR-d � Visual Reproductions test; PAS � Paired Associates; SIM � Similarities test; TrB-TrA � Trail Making
Test B minus A.
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dementia with APOE �4 status when looking at
change in TCBV (p for interaction � 0.04), an
association of parental dementia with the highest
quartile of decrease in TCBV being observed in
APOE �4 carriers only (OR � 4.67 [1.26 –17.30],
p � 0.02) (table e-4).

The results described above were similar after ad-
justing for vascular risk factors, when restricting the
analysis to parental dementia (or AD) by age 85, and
after excluding the few individuals with prevalent
stroke and prevalent dementia at baseline (data not
shown).

DISCUSSION In a middle-aged, community-based
sample of 717 Framingham Offspring participants,
parental dementia was associated with poorer perfor-
mance in verbal and visuospatial memory tasks,
among APOE �4 carriers only. Similar associations
were found for parental AD and these associations
were driven mainly by maternal dementia. Among
APOE �4 carriers, participants with parental demen-
tia also had greater brain atrophy rates over 6 years of
follow-up. Finally, parental dementia and AD were
associated with worsening performance in executive
function, regardless of APOE �4 status.

To our knowledge, the finding that significant
changes in verbal and visuospatial memory can be
detected in asymptomatic middle-aged offspring of
individuals with sporadic dementia, 2 decades before
the age at onset of dementia in the affected parent, is
new. The magnitude of the effect of parental AD on
memory performance, corresponding to approxi-
mately 15 years of brain aging, is particularly strik-
ing. Preliminary data from previous publications
lend support to our findings. Indeed, an altered
memorization pattern on the Rey Auditory Verbal
Learning Test in middle-aged persons with a family
history of AD has been shown recently, suggesting
greater reliance on immediate working memory as
opposed to consolidated episodic memory, as seen in
early AD.17 In another study, first-degree relatives of
patients with AD more often showed evidence of de-
cline in memory and intelligence measures compared
to controls, but the sample was relatively small and
included both siblings and children.18 Moreover,
functional imaging data suggest modified activation
patterns in asymptomatic individuals with a positive
parental history of AD compared to controls, more
than a decade before their parent’s onset age.19

Importantly, neither the APOE �4 allele nor pa-
rental dementia alone was associated with impaired
memory performances, while the combination of the
2 was associated with significantly worse perfor-
mances in verbal and visuospatial memory. The fact
that the association of parental dementia and AD

with poorer performance in verbal and visuospatial
memory was seen only in APOE �4 carriers is consis-
tent with previous work suggesting that genetic risk
factors besides APOE �4 contribute to the familial
component of dementia and verbal memory perfor-
mance,20,21 and that APOE �4 interacts with these
genes to determine risk.22,23 The observation that pa-
rental dementia was associated with poorer memory
performance only among APOE �4 carriers could
imply either that parental dementia impacts memory
only if the APOE �4 allele is present (via an interac-
tion of the latter with other genetic risk factors and
shared environment) or that APOE �4 accelerates the
clinical expression of memory impairment in predis-
posed persons.4,24

Our finding that the association of memory per-
formance with parental dementia was largely attrib-
utable to maternal dementia is intriguing. Previous
studies have reported that maternal transmission of
AD is significantly more frequent than paternal
transmission,25 and that having an AD-affected
mother confers a greater risk than having an AD-
affected father.26 Moreover, in a recent analysis of
PET scans from cognitively intact individuals, per-
sons with affected mothers showed a modified pat-
tern of glucose consumption, while findings were
unremarkable in subjects with an AD-affected fa-
ther.27 Potential explanations for a predominantly
maternal inheritance include chromosome X vari-
ants, genetic imprinting, involvement of mitochon-
drial DNA, or intrauterine exposure to risk
factors.28-30 Alternatively, the stronger association
with maternal dementia could reflect the fact that
women live longer, up to an age when they are more
likely to develop dementia, which reduces the proba-
bility for mothers to be misclassified as having no
dementia due to early death by competing causes.
This is unlikely to be the only explanation, as our
results were unchanged when restricting the analysis
to dementia by age 85, or adjusting for age at the
parent’s death.

In previous publications on the Framingham
Original cohort and the PAQUID study, poor per-
formance in verbal and visuospatial memory her-
alded dementia approximately 10 years before it was
diagnosed.31,32 However, whether the cognitive
changes we observed here in middle-aged offspring of
individuals with dementia are associated with subse-
quent dementia in these persons, or just reflect a less
favorable but not necessarily ominous cognitive pro-
file, remains to be determined.

Among APOE �4 carriers, individuals with paren-
tal dementia exhibited a significantly higher rate of
global brain atrophy compared to individuals with-
out parental dementia, suggesting that the poorer
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memory performance we observed in the same sub-
group of participants could be related to an underly-
ing degenerative process. Higher rates of global brain
atrophy have previously been related to an increased
risk of incident dementia.33 The absence of associa-
tion between parental dementia and change in THV
or baseline TCBV and HV does not necessarily mean
that these associations do not exist. In a study on
familial autosomal dominant AD, differences be-
tween mutation carriers and controls in hippocampal
and total brain volume and atrophy rates became ev-
ident less than 5 years before diagnosis of AD.5 Given
the young age of our population, we had little power
to detect such differences. Besides, early changes
from AD pathology involve the entorhinal cortex,
which may be missed when looking at a global mea-
sure of hippocampal size. The absence of a significant
association with annual increase in THV ought to be
interpreted with particular caution, as THV is only a
surrogate marker of HV.

The significant association of parental dementia
and AD with a steeper decline in executive function
but not memory-related tests could be explained by
the young age of our sample and the relatively short
duration of follow-up. Previous studies suggest that
in persons who subsequently develop dementia the
magnitude of preclinical cognitive deficits remains
relatively stable until a few years before clinical diag-
nosis,34 due perhaps to compensatory mechanisms.35

Besides, executive functions, especially cognitive
speed, decline earlier with age than other cognitive
domains such as memory.36

The strengths of this study are its population-
based setting and the careful prospective surveillance
and validation of dementia and AD. Although the
acceptance rate was high, persons included in this
study are not perfectly representative of the general
population, as they are more educated with fewer risk
factors and less disease than persons excluded. This
limitation is common to all population-based studies
involving time-consuming examinations and follow-
up. Finally, our sample was largely Caucasian, re-
flecting the racial composition of Framingham in
1948 when the Original cohort was enrolled.

If the present findings are confirmed, their public
health implications are substantial. First, they rein-
force prior data suggesting a prolonged subclinical
phase before the onset of dementia. Second, they
suggest that in addition to age and APOE �4, paren-
tal dementia and its interaction with APOE �4 are
important to consider when designing a risk score for
dementia or cognitive impairment. Third, they indi-
cate that heritable factors other than APOE �4 are
important in determining the familial aggregation of
parental dementia with memory performance, and

that at least some of them interact with APOE �4.
Fourth, our results underscore that measures of ver-
bal and visuospatial memory are valid endopheno-
types that can be used to broaden the search for
genetic risk factors of sporadic dementia, as in addi-
tion to being heritable,21,37,38 and predicting an in-
creased risk of dementia,31,32 they are also associated
with parental dementia.
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