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Abstract

We aimed to determine the association of family history of dementia with structural brain measures and cognitive perfor-
mance in childhood and mid-life adulthood. We studied 1,259 parents (mean age: 47.3 years, range 31.9-67.4) and 866
of their children (mean age [range] at brain MRI: 9.9 years [8.8—11.9], and for cognition: 13.5 years [12.6-15.8]) of the
population-based Generation R Study. Parents filled in a questionnaire on family history, and both parents and children
underwent cognitive assessment and neuroimaging. Of all participants, 109 parents (8.6%) reported a parental family his-
tory of dementia and 73 children (8.4%) had a grandparental history of dementia with mean age of dementia diagnosis
in those affected 75 years (+7.3). We observed no associations of dementia family history with cognitive ability in either
parents or their children, except for worse Purdue pegboard in parents with a parental history of dementia, compared to
those without (mean difference [95%CI]: -1.23 [-2.15; -0.31], test range: 21-52). In parents and children, neuroimaging
measures did not differ significantly by family history. Results did not depend on age, sex, and APOE genotype. Family
history of dementia was associated with worse manual dexterity in mid-life adulthood, but not with any other measures
of cognitive ability or subclinical brain health in childhood and mid-life. These findings suggest that the association of
family history with dementia risk is due chiefly to neurodegenerative rather than neurodevelopmental processes, and might
first present with reduced motor skills.
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history. A recent meta-analysis of 34 studies reported that
first-degree relatives of patients with late-onset Alzheimer’s
disease show cognitive dysfunction (Hedges’ g =-0.16) [4].
Similarly for imaging studies, several studies have found
that first-degree relatives of patients with a family history
of dementia had an increased risk of small vessel disease,
white matter hyperintensities, hypoperfusion, and beta-
amyloid and tau [1, 5-7]. As these studies generally focus
on older populations in whom some degree of neurodegen-
erative pathology is likely, they are limited in their ability
to distinguish neurodevelopmental from neurodegenera-
tive processes [1, 8, 9]. One paediatric study investigated
the effect of dementia family history in 109 children aged
11-16 years, and observed associations with worse memory
and global cognition, albeit only in APOE-¢4 carriers [10].
Several other paediatric cohorts have studied APOE geno-
type or genetic risk scores for Alzheimer’s disease concern-
ing cognition or brain imaging, but studies have reported
inconclusive results for cognition [11, 12], as well as for
brain volumes [12—14]. As currently identified genetic risk
factors, including APOE, explain only 30-40% of familial
dementia risk [1], assessment of family history in relation to
brain health at younger ages could improve understanding
of the timing and nature of hereditary and environmental
effects on brain health. Ideally, such studies would use a
transgenerational, family study approach to facilitate com-
parison of hereditary effects across different ages, but such
studies are currently unavailable.

We aimed to determine the effect of (grand-)parental fam-
ily history of dementia on cognitive ability and brain health
on structural MRI in children at age 9 (MRI) and at age 13
(cognition) and mid-life adults in a population-based family
study. Data were collected within the Generation R study, a
prospective community-based birth cohort from Rotterdam,
Netherlands, which follows children and their parents from
the gestational period into early adulthood.

Methods
Study population

The current study is embedded within a prospective pop-
ulation-based birth cohort, the Generation R Study [15].
Women from the city of Rotterdam in the Netherlands,
with a delivery date between 2002 and 2006, were invited
to participate in the study. Children and both their parents
were followed from the gestational period, throughout
childhood into early adulthood, with routine visits at cer-
tain ages including brain MRI and cognitive assessments
[13]. Between 2017 and 2020, a subset of the mothers and
their partners were invited for a sub-study that specifically
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aimed to determine brain health as a means to unravel the
ORigins of Alzheimer’s disease aCross the LifE-course: the
ORACLE Study [16].

Of 3,559 parents invited for the ORACLE Study, 2,084
(58.5%) agreed to participate. They visited the study cen-
tre for one day that included questionnaires, blood pressure
measurement, cognitive assessment, and brain magnetic
resonance imaging (MRI). For the current study, we
included all parents who completed the questionnaire on
family history. The questionnaire involving family history
of dementia was introduced later during the ORACLE study
and was available in 1,511 of 2,084 participants (72.5%).
We excluded participants who had missing cognitive tests
(n=162) and missing sequences on the MRI (n=59). We
additionally excluded 31 parents because of motion arte-
facts or incidental findings on brain MRI (e.g., brain tumour,
large cortical infarct), leaving 1,259 parents eligible for the
study.

The children of these parents were included if they had
undergone brain imaging during their research visit at age
9 (2011-2015), and cognitive testing during their visit at
the age of 13 (2016-2020). Of the 1259 parents eligible to
participate in this study, 1332 of their children had com-
plete information on brain MRI and cognition available. We
excluded 197 children because of low image quality (e.g.
motion artefacts) or incidental findings and an additional
269 children were excluded to ensure only one child per
family was included in the analysis, leaving 866 (65.0%)
children for analysis.

The study was designed in accordance with the guide-
lines set by the World Medical Association Declaration
of Helsinki. The study has been approved by the Medical
Ethics Committee of the Erasmus Medical Center, Univer-
sity Medical Center, Rotterdam, the Netherlands. Written
informed consent was obtained for all participants. Children
aged between 12 and 16, both the child and legal guardian
gave consent.

Data availability

Datasets generated during the current study are not publicly
available due to legal and ethical regulations. However,
requests for access to the data reported in this paper can be
directed to the secretary office of the Generation R Study
(secretariat.genr@erasmusme.nl), in accordance with local,
national, and European Union regulations.

Family history
Family history of dementia was acquired through structured

questionnaires administered during an interview [16]. Par-
ents were asked ‘Has your mother or father been diagnosed
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with dementia?’. The question could be answered with yes,
no, or uncertain. If answered yes, parents were asked to pro-
vide details about the affected parent, including age at the
time of the diagnosis. For the current study, we considered
family history positive if a parent reported a diagnosis of
dementia in at least one of their parents. For the children,
this meant their grandparental family history was positive if
either of their parents reported a diagnosis of dementia in at
least one grandparent.

Image acquisition and processing
Parent and child structural imaging

For both parent and child, structural magnetic reso-
nance images (MRI) were obtained on a 3T GE Discov-
ery MR750w MRI System (General Electric, Milwaukee,
WI, USA) with an 8-channel head coil [16, 17]. The com-
plete procedure has been previously described [16, 17].
In short, we collected T1-weighted images with an inver-
sion recovery-prepared fast spoiled gradient recalled
sequence (Tr=8.77 ms, Te=3.4 ms, Ti=600 ms, flip
angle=10 0, Field of view=220%x220 mm, acquisition
matrix =220x% 220, slice thickness=2 mm (1 mm for the
children), number of slices =230). The T1-weighted images
were processed through the FreeSurfer analysis suite, ver-
sion 6.0.0 [ 18]. Non-brain tissue was removed and the voxel
intensities were normalized for B1 inhomogeneity. Next,
the images were segmented and all segmentations were
manually inspected. The brain measures of interest were the
volume of total brain, grey matter, white matter, hippocam-
pal, entorhinal cortex, the middle temporal gyrus, and the
parahippocampal gyrus [12, 19, 20]. Volumes across left
and right hemispheres were averages, as we did not expect
lateralized effects. Intracranial volume (ICV) encompasses
the total volume within the skull, including the brain tissue
and cerebrospinal fluid spaces.

Assessment of cerebral small vessel disease

For the parents, volume of white matter hyperintensities
(WMH) was acquired from FreeSurfer segmentations.
Trained researchers rated all scans for the presence of lacu-
nes and cerebral microbleeds, blinded to familial history of
dementia. Lacunes were defined following the STRIVE cri-
teria as focal lesions between >3 and < 15 mm within the
white matter, cerebellum, basal ganglia, or thalamus, as seen
on a 2D axial fluid-attenuated inversion recovery (FLAIR)
sequence (0.8x1.1x2.5 mm?®) and the TI-weighted
sequence [21]. Cerebral microbleeds were defined as small
hypointense foci with a maximum size of 10 mm on T2*-
weighted sequence (0.8 x 1.1 x 1.0 mm?).

Cognition
Parents

Parents completed a cognitive test battery as part of the
ORACLE study [16]. The battery consisted of six tests,
assessing different domains of cognition. A detailed descrip-
tion of the complete test battery can be found elsewhere
[16]. Briefly, the assessment included the 15-word learning
test [22], the Stroop task [23], the letter-digit substitution
test [24], a word fluency test [25], the Purdue pegboard test
for manual dexterity [26], and the design organization test
[27]. As the latter two tests were introduced later during the
study course, they were not offered to 4.5% (design organ-
isation test) and 18.5% (Purdue pegboard) of participants,
respectively. We imputed these two cognitive tests (missing
completely at random), using a single imputation based on
age, sex, education, and other available cognitive tests. To
summarize the tests into a single score for global cognition,
we computed the g-factor [28] isolating the first component
of a principal component analysis, using all six cognitive
tests as indicators. The g-factor explained 64.1% of the vari-
ance amongst the cognitive tests.

Children

For children, we assessed the Intelligence Quotient (IQ)
as an indicator of cognitive function. During the research
centre visit at age 13, children were administered four sub-
tests from the Wechsler Intelligence Scale for Children-
Fifth Edition (WISC-V) [29]. Matrix reasoning was used
to assess fluid reasoning and was administered digitally.
Digit Span (forward, backwards & ranking from high to
low) was administered verbally to assess working memory.
Symbol substitution was administered digitally, and used to
measure processing speed. Finally, Vocabulary was admin-
istered verbally, measuring verbal comprehension. All sub-
test scores were age-normed according to the manual [29].
IQ scores were derived by summing the normed subtests
and then converted into IQ scores using a conversion table
specifically created for these four subtests by Pearson [30].

APOE genotype

Genotyping in the parents was done by sequencing DNA
from blood samples collected during early pregnancy.
APOE genotype for the parents was determined with a bial-
lelic TagMan assay (rs7412 and rs429358), and classified in
APOE-¢4 carriers and non-carriers. Of the total 1259 par-
ents, 1071 (85.0%) had information on APOE and of these,
296 (27.6%) had at least one APOE-g4 allele. Genotyping in
children was done by sequencing DNA from blood samples
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obtained from the umbilical cord or with blood samples col-
lected at the age of 6 [31]. APOE-¢g4 carrier status was deter-
mined based on the genotype data. Out of the 866 children,
584 (67.4%) had information on APOE and 142 (24.3%)
had at least one APOE-g4 allele.

Other measurements

Information on ethnicity and education was obtained
through self-reported questionnaires administered at study
inclusion. Because of the relatively small sample size within
subgroups, country of origin was categorized for this analy-
sis into Western which includes European, North-American,
and Oceanian (as well as Japanese) and non-Western (South
America, Central-American, Asia (other than Japan), and
African). At the visit of the MRI, height, weight, medica-
tion use, and smoking (current smoking, yes or no) were
self-reported. BMI was computed from height and weight
(kg/m?). Systolic and diastolic blood pressure was mea-
sured using an automatic sphygmomanometer Omron 907
(OMRON, Matsusaka Co., Ltd., Japan) [32]. Blood pres-
sure was measured two times over a 60-second interval, and
individuals with an average systolic blood pressure> 140
mmHg or diastolic blood pressure >90 mmHg, or the use
of blood pressure-lowering medication were classified as
hypertensive.

Statistical analysis

Missing data on non-genetic covariates were imputed
through multiple imputation procedures using the package
mice [33]. We had 16.7% missing data on education, 13.6%
on ethnicity, and 2.1% on hypertension information. As for
smoking and BMI, we had less than 0.01% missing data.
Data were imputed 20 times (20 iterations) using chained
equations and the model estimates for each imputed data set
were subsequently pooled using Rubin’s rules [34]. The dis-
tribution of covariates was similar in the imputed and non-
imputed datasets. All analyses were done in R 3.6.3 [35].
Among the parents, we determined the association of
parental history of dementia with brain volumes, using lin-
ear regression. Although we expected a low prevalence of
small-vessel disease in our population, in an exploratory
analysis the association of parental history with the pres-
ence of lacunes (yes/no) and microbleeds (yes/no) was
determined using logistic regression. All models included
age, sex, ethnicity, and ICV (model 1), with further adjust-
ment for educational attainment, hypertension, smoking,
BMI (model 2), and APOE genotype (model 3). Similarly,
for the children, we determined the association of grand-
parental history of dementia with the same structural brain
measures using linear regression. Markers of small-vessel
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disease were absent in childhood, and therefore not further
assessed. All models included age, sex, ICV, and ethnic-
ity (model 1), with further adjustment for APOE genotype
(model 2).

Next, we determined the association of parental history
of dementia with the g-factor and the underlying cognitive
tests. Among the children, we determined the association
of grandparental history of dementia with 1Q and the tests
that encompassed IQ, using linear regression models. Mod-
els included the same covariates as those for the imaging
outcomes.

We performed various sensitivity analyses. First, we
stratified the participants by APOE €4 carrier status. Sec-
ond, we stratified parents at age 50, to account for the fact
that some of their parents may still be relatively young for
developing dementia. Third, we stratified by age—(grand)
parent under or over the age of 80 at diagnosis— based on
previously reported increased genetic risk, particularly with
younger age at onset [1]. Fourth, we stratified by maternal
vs. paternal family history, because previous research has
suggested effects may be more profound for maternal than
for paternal family history [7, 36].

Results

The population characteristics of the parents and the chil-
dren are shown in Table 1. In total 1,259 parents and 866
children were included in the study. The mean age of the
included parents was 47.3 (+4.7). Children were on aver-
age 9.9 years (£0.4) during MRI scanning and 13.5 years
(£0.3) at the time of the cognitive assessment. In total, 109
of the parents (8.6%) had a parental history of dementia and
73 children (8.4%) had a grandparental history of dementia.
The mean age at dementia diagnosis in affected (grand)par-
ents was 76 years (standard deviation: 7.5 years).

Cognitive ability in midlife and IQ in childhood

For the parents in mid-life, a parental family history of
dementia was not associated with global cognitive perfor-
mance (g-factor, mean difference [95% CIJ: 0.08 [-0.08;
0.26]). Of the various cognitive tests and domains assessed,
a positive family history was associated with poorer per-
formance only on the Purdue pegboard task (adjusted mean
difference [95% CI]: -1.23 [-2.15; -0.31]; Table 2). These
associations were similar for APOE-g4 carriers and non-
carriers and did not differ by age of the participant, or age
and gender of the affected parent (Fig. 1).

Among the children, grandparental history of dementia
was not associated with IQ (mean difference between those
with positive history versus those without [95% Confidence



Family history of dementia and brain health in childhood and middle age: a prospective community-based... 1155

Table 1 Characteristics table for the parents and the children

Parents Children
(n=1,259) (n=866)
Age at brain imaging, years 473+4.7 9.9+0.4
Age at cognitive assessment, years 473+4.7 13.5+0.3
Sex, female 896 (71.1) 444 (51.2)
European ancestry 1049 (83.4) 608 (70.2)
(Grand)parental family history of 109 (8.6) 73 (8.4)
dementia
APOE-¢4 carrier 296 (23.5) 142 (24.3)
Educational attainment
Low 113 (8.9) n/a
Intermediate 282 (22.3) n/a
High 653 (51.8) n/a
Current smoking 148 (11.7) n/a
Body mass index, kg/m> 25.7 (£4.3) n/a
Systolic blood pressure, mmHg 126.0 (+15.4) n/a
Diastolic blood pressure, mmHg 79.4(+10.7) n/a
Hypertension, n (%) 332 (26.3) n/a
15-word learning test 9.2 (x£2.7) n/a
Stroop task 36.0 (£9.3) n/a
Letter-digit substitution test 37.2(x5.9) n/a
Word fluency test 27.7 (+6.4) n/a
Purdue pegboard test 39.8 (x4.2) n/a
Design organization test 38.2(x£9.0) n/a
Matrix reasoning n/a 9.5(£2.6)
Digit Span n/a 9.6 (£2.7)
Symbol substitution n/a 13.1
(£3.2)
Vocabulary n/a 10.1
(£2.8)

Values are means (standard deviation) or numbers (percentages);

n/a=not applicable. Weight was self-reported

Interval]: 1.23 [-1.87; 4.34]), or any of the IQ-score subtests
in childhood (Table 2). These results were not modified by
APOE genotype (Fig. 2).

Structural brain imaging in midlife and childhood

Parental history of dementia was not associated with any
of the volumetric brain measures in midlife (e.g., mean dif-
ference in total brain volume [95% CI]: 3.4mL [-5.2;12.1];
Table 3). Of all parents, 41 had at least one lacune (of whom
8 had a positive family history), and 117 had at least one
cerebral microbleed (of whom 14 with a positive family
history). We did not observe any statistically significant
associations between family history and these focal mark-
ers of cerebral small-vessel disease, although confidence
intervals around the point estimate for lacunes, in particular,
were wide (OR [95% CI]: 1.93 [0.76—4.87]; Table 3). Once
again, results were not modified by APOE genotype and
were observed irrespective of age and sex of the affected
parent (Fig. 3).

Grandparental family history of dementia was not asso-
ciated with total brain volume or volumes of the cortical
grey matter or white matter in childhood (e.g., mean dif-
ference in total brain volume [95% CI]: 2.9mL [-6.6;12.4];
Table 3). We observed no association of family history with
hippocampal, entorhinal, middle temporal gyrus, and para-
hippocampal gyrus volumes (Table 3). Results were similar
across APOEF genotypes (Fig. 4).

Table 2 (Grand)parental history of dementia and cognitive ability in childhood and midlife

Mean difference (95% CI)

Mean difference (95% CI) Mean difference (95% CI)

Model 1 Model 2 Model 3
Cognition in childhood
1Q 1.23 (-1.87; 4.34) n/a 1.23 (-1.87; 4.33)
Matrix reasoning 0.02 (-0.60; 0.64) n/a 0.02 (-0.60; 0.64)
Digit span 0.47 (-0.17; 1.11) n/a 0.47 (-0.17; 1.11)
Symbol substitution -0.09 (-0.86; 0.67) n/a -0.09 (-0.86; 0.67)
Vocabulary 0.36 (-0.30; 1.03) n/a 0.36 (-0.30; 1.03)

Cognition in mid-life adulthood
g-factor

15 word learning test

Stroop test

Letter digit substitution test
Word fluency test

Purdue pegboard test

Design organization test

0.11 (-0.06; 0.29)
0.22 (-0.31; 0.76)
1.48 (-0.35; 3.31)

-0.85 (-2.00; 0.30)
-0.36 (-1.63; 0.89)
-1.34 (-2.26; -0.41)
-0.54 (-2.35; 1.26)

0.08 (-0.08; 0.26)
0.26 (-0.27; 0.80)
1.20 (-0.55; 2.96)
-0.73 (-1.86; 0.39)
-0.31 (-1.58; 0.94)
-1.23 (-2.15; -0.31)
-0.45 (-2.22; 1.31)

0.09 (-0.09; 0.28)
0.08 (-0.49; 0.66)
1.54 (-0.31; 3.40)
-0.50 (-1.73; 0.71)
-0.30 (-1.65; 1.05)
-1.28 (-2.26; -0.30)
-0.92 (-2.83; 0.97)

Model 1: adjusted for age, sex, and ethnicity

Model 2: model 1 with additional adjustment for education attainment, hypertension, BMI, and smoking
Model 3: model 2 with additional adjustment for A POE genotype
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Fig. 3 Parental history of dementia and cognitive ability in midlife,
stratified by age, APOE genotype, and affected parent. Legend: This
figure presents the standardized adjusted differences (95% CI) for the
g-factor and individual cognitive tests among various sensitivity anal-

Discussion

In this population-based family study of children and their
middle-aged parents, we observed few associations between
family history of dementia and cognitive ability or struc-
tural brain health. Only manual dexterity was reduced in
midlife in the parents who had a parental family history of
dementia.

Prior studies assessing the association of family history
with cognitive ability have mainly been done in somewhat
older populations. A recent systematic review and meta-
analysis of 34 studies reported that first-degree relatives
with a family history of late-onset Alzheimer’s disease per-
form worse on cognitive assessment than those without a
family history [4]. On average, participants were older than
in our study (mean 58 years vs. 47 in the current study),
which may suggest that a decline in common cognitive tasks
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Standardized adjusted difference (95% Cl)

ysis samples. The vertical dashed line at 0.00 represents no difference,
and the black circles indicate the point estimates with horizontal lines
representing the 95% confidence intervals

related to familial risk may be detected from around the 6th
decade of life. Motor function assessment was not part of
any of the included studies in the meta-analysis. We have
previously shown that worse manual dexterity increases the
risk of developing dementia in the general population [37].
As such, the lower dexterity in adults with a positive fam-
ily history in the current study may reflect the earliest signs
of neuropathology, be it of vascular or neurodegenerative
nature. Pathophysiological mechanisms may be similar to
those underlying previously reported associations of slow
gait speed with neuroimaging markers and dementia [38,
39]. Evidently, despite accounting statistically for the mul-
tiple comparisons in our study, a type 1 error cannot be ruled
out and dexterity findings call for replication.

Previous research indicates an association between fam-
ily history of dementia in the first degree (parental history
of dementia) and brain atrophy [8, 9]. Other studies tried
to extend this to imaging markers of cerebral small vessel
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Table 3 (Grand)parental history of dementia and brain imaging in childhood and in mid-life adulthood

Mean difference (95% CI)
Model 1

Mean difference (95% CI)
Model 2

Mean difference (95% CI)
Model 3

Brain imaging in childhood
Total brain volume

Grey matter volume

White matter volume
Hippocampal volume
Entorhinal cortex volume
Middle temporal gyrus volume
Parahippocampal gyrus volume

Brain imaging in mid-life adulthood

Total brain volume

Grey matter volume

White matter volume
Hippocampal volume
Entorhinal cortex volume
Middle temporal gyrus volume
Parahippocampal gyrus volume

White matter hypointensity volume (In-transformed)

Any cerebral microbleeds*
Any lacunes*

2.92 (-6.57; 12,43)
0.43 (-6.30; 7.18)

1.42 (-12.19; 4.07)
-0.01 (-0.05; 0.08)
0.04 (-0.04; 0.12)

-0.22 (-0.57; 0.11)
-0.00 (-0.06; 0.06)

3.75 (-4.87; 12.38)
1.82 (-3.12; 6.76)
0.90 (-2.01; 3.82)
-0.00 (-0.06; 0.05)
-0.00 (-0.06; 0.04)
-0.01 (-0.21;0.17)
-0.00 (-0.05; 0.03)
0.02 (-0.18; 0.23)
1.05 (0.54; 2.05)
2.20 (0.89; 5.47)

n/a
n/a
n/a
n/a
n/a
n/a
n/a

3.47 (-5.19; 12.13)
2.15 (-2.84; 7.16)
0.85 (-2.08; 3.79)
-0.01 (-0.07; 0.04)
-0.01 (-0.07; 0.04)
-0.01 (-0.21; 0.17)
-0.01 (-0.05; 0.03)
0.05 (-0.15; 0.26)
1.09 (0.5; 2.1)
1.93 (0.76; 4.87)

2.94 (-6.56; 12,45)
0.45 (-6.29; 7.20)

1.42 (-12.20; 4.07)
-0.01 (-0.05; 0.08)
0.04 (-0.04; 0.13)

-0.22 (-0.57; 0.11)
-0.00 (-0.06; 0.06)

5.07 (-4.37; 14.53)
2.12 (-2.88; 7.14)
0.90 (-2.27; 4.09)
-0.00 (-0.06; 0.06)
-0.03 (-0.09; 0.03)
0.06 (-0.14; 0.27)
-0.00 (-0.05; 0.03)
0.02 (-0.24; 0.21)
1.09 (0.51; 2.34)
n/a

Model 1: adjusted for age, sex, ethnicity, and intracranial volume

Model 2: model 1 with additional adjustment for education attainment, hypertension, BMI, and smoking

Model 3: model 2 with additional adjustment for A POE genotype

* All brain volumes are presented as cm>

, except for white matter hypointensity volume. For presence of microbleeds and lacunes, the effect

estimates are odds ratios with corresponding 95% confidence intervals.As only one person with an APOE-¢4 allele had a lacune, no statistical

analysis could be done

Total brain volume Total gray matter

Overall population —— —
APOE-E4, no e, ] e
® APOE-E4, yes —— r———t
—= Participant < age 50 ——t ——
Participant >= age 50 ——t L ]
@ Diagnosis < age 80 Tt ——t
» Diagnosis >= age 80 et ——i
@ Father with dementia ——t ———t
o Mother with dementia ——t ——t

Total white matter Hippocampus volume

Pl . e
e B — Y
—t it et
—_—— ——
——— ————
——— ]
———t P——— et

>
2 Entorhinal volume Middle temporal volume Parahippocampal volume White matter lesion volume
S Overall population [———— —i— ——t ——
= APOE-E4, no —l———y — e —_—— — e
N APOE-E4, yes —_——— —————t ——————— —_——
‘@ Participant < age 50 I—— el e e ] I— el D —— ]
$ Participant >= age 50 —— e — L —— s ] e — s———
) Diagnosis < age 80 —.————— —-— —.——— — —
Diagnosis >= age 80  i——— D e s— I———— —_——
Father with dementia —_— s, ] D . ] —
Mother with dementia [ ——— [ L E— [ —
0.6 -0.3 0.0 0.3 06 -06 -0.3 0.0 3 06 -06 -0.3 0.0 0.3 06 -06 -0.3 0.0 03 06

Fig.4 Parental history of dementia and brain imaging in midlife, strati-
fied by age, APOE genotype, and affected parent. Legend: This figure
presents the standardized adjusted differences (95% CI) for brain vol-
umes among various sensitivity analysis samples. The vertical dashed

disease but with inconsistent results [1, 7, 40]. Participants
in the abovementioned studies were much older than the
current sample, which in midlife can reflect the transition
from healthy ageing to the possible preclinical phase of
neurodegenerative disease. Our findings indicate that at the
average age of 47, we do not observe that a family history
of dementia already noticeably impacts subclinical brain
health (Table 3). This aligns with a study done by Dou-
navi et al., who found that APOE carriers and those with a
family history of dementia had no prominent macrostruc-
tural alterations at the age of 40 to 59 [41]. Nevertheless,

03
Standardized adjusted difference (95% Cl)

line at 0.00 represents no difference, and the black circles indicate the
point estimates with horizontal lines representing the 95% confidence
intervals

it is important to note that the effect estimates for lacunes
and to a lesser extent WMH in the current study suggest
a potentially meaningful difference between groups, which
our study may have been underpowered to detect. More
sensitive methods might reveal finer distinctions in brain
health at younger ages. These methods could include white
matter integrity [42, 43], glucose metabolism [5, 44], and
B-amyloid and tau [5, 6].

The observed differences in manual dexterity among
middle-aged parents are unlikely to reflect neurodevelop-
mental processes, as we did not observe any associations

@ Springer
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between family history and brain health measures in their
children. This suggests that while familial factors might
influence certain cognitive abilities such as manual dexter-
ity in adults, they do not appear to affect structural brain
health in children. The lack of association in the younger
cohort reinforces the notion that genetic and environmental
influences on brain health may manifest differently across
the lifespan. To the best of our knowledge, this is the first
study to investigate the grandparental history of dementia
concerning volumetric brain measures in childhood. As for
cognition, a smaller paediatric study that investigated the
effect of family history in 109 children aged 11-16 years,
did observe associations with worse memory and global
cognition, albeit only in APOE-g4 carriers [10]. Given the
substantial contribution of the APOE genotype to familial
dementia risk, stratification has helped to determine additive
genetic interaction and reveal associations of family history
with brain health that are otherwise obscured by APOE gen-
otype. While certain studies reported stronger associations
in APOE carriers in mostly older populations [4, 45, 46],
other studies did not [4]. In the current study, we observed
no effect modification by APOE genotype in either children
of parents. All in all, this supports the earlier notion that the
genetic effects of known Alzheimer genes seem limited in
early life [11, 12]. Longitudinal models of brain develop-
ment in future studies may be more sensitive to detecting
diverging brain development concerning familial dementia
predisposition.

Strengths of this study include its transgenerational
approach to studying family history of dementia and brain
health, with extensive data available to correct for potential
confounding. There are certain limitations, too. First, we
did not have access to medical records of affected (grand)
parents to verify the questionnaire information on family
history, which may have led to misclassification and dilu-
tion of effect estimates. Moreover, some of the grandpar-
ents may have developed dementia after the date that we
interviewed their children, potentially underestimating the
familial burden in some participating families. Second, we
were unable to determine the nosological diagnosis of the
grandparents and were thus unable to assess for example
Alzheimer’s disease-related risk specifically. Third, given
the relatively low prevalence of cerebral infarcts in early
midlife, our study was underpowered to detect a meaningful
association of family history with the prevalence of lacu-
nes and cortical infarcts. Also, the sample size was limited
for stratification on APOE, and larger studies are needed
to provide more robust evidence regarding the interaction
between family history of dementia and APOE genotype.
Fourth, despite adjustment for several lifestyle and social
determinants of health confounders, the difference in dex-
terity may to some extent reflect shared lifestyle rather than

@ Springer

genetic predisposition, for example, due to residual con-
founding with incorrect self-reported weight. Finally, our
community-based sample was reflective of an urban popu-
lation in a Western European country, and findings may not
be generalisable to other settings or ancestries.

In conclusion, based on the data analysed here, a fam-
ily history of all-cause dementia is not associated with cog-
nitive ability or subclinical brain health in childhood and
early mid-life, apart from worse manual dexterity in mid-
life adulthood. These findings suggest that the association
of family history with dementia risk may chiefly be due to
neurodegenerative and cerebrovascular rather than neurode-
velopmental processes, and might first present with reduced
motor skills.
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