Hippocampal Atrophy in Subjects with Maternal History of Alzheimer’s Disease
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Background: Alzheimer disease (AD) invariably results in
hippocampal atrophy. Family history of dementia increases one’s
risk for developing AD. Subjects with maternal (MH+) but not
paternal (PH+) dementia history were recently reported to show
reduced PET glucose uptake in AD-vulnerable brain regions.

Figure 1. Hippocampal radial atrophy technique

Objective: To investigate whether MH+ associates with greater
hippocampal atrophy compared to PH+ and no parent history of
dementia (H-).
Methods: We applied a robust automated hippocampal
segmentation technique based on adaptive boosting to the baseline
and 1-year follow-up AD Neuroimaging Initiative (ADNI) 1.5 T MRI
data of 245 with mild cognitive impairment (MCI), 97 with AD and
150 cognitively normal (CN). 68 were PH+, 171 MH+ and 268 H-.
The mean demographic variables for each group are provided in
Table 1. Comparisons where significant between group differences
exist are in bold.
Table 1. Demographic characteristics

Variable

Age, yr
Mean (SD)

Education, yr
Mean (SD)

Gender
(M:F)

Race
(% White)

Maternal
History
(MH)

MH+

74.2 (6.2)

16.2 (2.7)

98:80

95%

MH-

76.1 (6.7

15.6 (3.1)

195:125

93%

Paternal
history
(PH)

PH+

75.1 (6.9)

15.7 (2.7)

38:30

97%

PH-

75.5 (6.6)

15.8 (3.0)

247:172

93%

Any Parent
(AP)

AP+

74.4 (6.4)

16.0 (2.7)

118:101

95%

AP-

76.3 (6.7)

15.6 (3.1)

167:161

92%

Images were subjected to intensity normalization and linear
transformation to International Consortium of Brain Mapping (ICBM)
space (Fig. 1A). Hippocampi were segmented by an automated
machine learning algorithm based on adaptive boosting. In addition
to hippocampal volumetric data we created 3D hippocampal models
for statistical comparison as follows. The segmentation were
converted to 3D parametric surface mesh models (Fig.1B). A medial
core for each hippocampus was computed (Fig.1C).

Figure 2. 3D hippocampal significance maps

The radial distance between the medial core and each hippocampal
surface point was derived (Fig.1C). Individual (Fig.1D) and group
(Fig.1E) average distance maps were obtained and subjected to
statistical comparisons. We ran multiple regression analyses with
dependent variable hippocampal volume or radial distance, resp. at
1-year follow-up and predictor variable family history while
controlling for age, education and baseline hippocampal volume.
The 3D statistical maps were further corrected for multiple
comparisons correction by applying permutation correction with a
threshold of p<0.05.
Results:
The volumetric linear regression models demonstrated significant
effect of MH but not PH. MH+ was a significant predictor of
hippocampal atrophy in the full sample (right hippocampus p=.006,
left p=.042) and in MCI on the right (p=.004). MH+ showed trendlevel significant association with hippocampal atrophy on the left in
CN (p=.06). PH+ showed no statistically significant associations with
hippocampal volume. History of dementia in either parent was a
significant predictor of follow-up hippocampal volume on the right in
the full sample (p=.014) and in MCI (p=.035).
The 3D hippocampal radial distance models likewise demonstrated
significant effect of MH but not PH in all subjects on the right
(p=0.025), bilaterally in MCI (right hippocampus p=0.038, left
p=0.0026) and on the right in the AD group (p=0.013). Combining
the sample and examining the effect of any parental history of
dementia showed a significant difference on the right in the AD
sample (p=0.06).
Conclusions: As hypothesized, MH+ but not PH+ associates with
greater hippocampal atrophy in the full sample as well as in the MCI
and AD groups alone. The association in CN reached trendsignificance in the volumetric models only. Combining parental
history information showed some significant effects that perhaps
should be attributed to the effect largely due to the effect of maternal
history.
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