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Abstract
Hippocampus, an area of cortex that plays an important role in thinking, planning
and remembering. In Alzheimer’s disease (AD), the hippocampus is one of the first
areas of the brain to become shriveled and this leads to the memory less, damage in
learning and declaration of emotional behaviors. In this paper, we investigate the effects of sex on hippocampus gray matter (HGM) atrophy in four groups of participants, namely, males with AD (M-AD, n = 34), age-matched normal male controls
(M-NC, n = 34), females with AD (F-AD, n = 34), and age matched normal female
controls (F-NC, n = 34) from ADNI dataset. In this regard, Analysis of variance
(ANOVA) is employed to compare means of HGM differences among groups. The
statistical results obtained by ANOVA show that the distribution of HGM atrophy is
effected by sex. Also there was a significant diagnosis with higher severity in the
F-AD compared to M-AD. The AD studies based on the sex may help to figure out
the root of AD mechanisms and potentially can be used as an imaging marker for the
studies of AD in the future.
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1. Introduction
In older adults, Alzheimer’s disease (AD), gradually destroys regions of the brain that
are responsible for memory, learning, thinking, and behavior [1] [2]. Investigators
demonstrated a link between subjective memory lapses and lower hippocampal volume.
Recently, several studies have investigated the role of hippocampus in the AD [3]-[6].
Hippocampus volume change has huge potential as a marker at early stages of AD [7].
In addition to age, family history, apolipoprotein E (APOE)-e4 and genetics which are
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the main factors in development of AD, sex is also an important factor in people who
suffer from AD [8] [9].
The aim of this study is to investigate hippocampus gray matter (HGM) atrophy in
AD base on sex using structural MRI (sMRI). sMRI is a powerful biomarker of the stage
and intensity of the neurodegenerative aspect of AD pathology [10] [11].
In this regard, a cross-sectional analysis using sMRI is employed to inquire differences in HGM atrophy in AD. In this study, overall HGM volume are investigated using analysis of variance (ANOVA) among four groups of participants. The four groups:
males with AD (M-AD, n = 34), normal male controls (M-NC, n = 34), females with
AD (F-AD, n = 34), and age matched normal female controls (F-NC, n = 34).
The statistical analysis among four groups shows that females with AD have more
significant atrophy in the Hippocampus area, compared to males with AD. Furthermore, our findings suggest that there may be a link between HGM atrophy and AD
based on the sex. Sex differences research in AD aims to improve early diagnosis, ensure a better quality of life, and develop more effective treatments.

2. Materials and Subjects
The MRIs and data used in this paper are obtained from the ADNI database1. The MRI
scans are acquired using 3 Tesla, T1-weighted by Siemens scanner with TE/TI/TR =
2.98/900/2300 ms, slice thickness = 1.2 mm, flip angle = 9 degrees, Rows × Cols × Slices
= 176 × 240 × 256, and voxel size of 1.2 × 1.05 × 1.05 mm. All the subjects initially underwent a number of neuropsychological examinations including the Mini Mental State
Examination (MMSE) and Clinical Dementia Ratio (CDR) scores.
We have randomly obtained 200 subjects from ADNI data1 database. A quota sampling technique was then employed to choose 136 samples, which were matched on the
basis of age and clinical characteristics (e.g. MMSE and CDR) and divided in four
groups (Table 1). Table 1 shows the characteristics of subjects used in this study.
Table 1. Characteristics of subjects according to sex.
F-AD

F-NC

M-AD

M-NC

Age

74.01 ± 7.09

74.032 ± 4.79

74.64 ± 5.71

74.25 ± 5.18

Number

34

34

34

34

Sex(f/m)%

100/0

100/0

0/100

0/100

MMSE

22.73 ± 2.43

29.38 ± 0.69

22.73 ± 2.72

29.38 ± 0.73

CDR

0.75 ± 0.39

0.0 ± 0

0.75 ± 0.39

0.0 ± 0

Note: All data present in mean ± standard deviation mode. AD = Alzheimer’s Disease patients, CDR = Clinical Dementia Rating, NC = Normal Control patients, MMSE = Mini-Mental State Examination.
1

www.loni.ucla.edu/ADNI.
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3. Methods
Figure 1 show the framework of the proposed system for calculation hippocampus volumes. Briefly, All MRIs are corrected for bias field in homogeneities, normalized and
segmented into gray matter (GM), white matter (WM), and cerebrospinal fluid (CSF)
using the Statistical Parameter Mapping (SPM) and the VBM toolbox . A nonlinear deformation is used to modulate the normalized and segmented images. All the images
from ADNI database are resized to 121 × 145 × 121 with voxel size of 1.5 × 1.5 × 1.5
mm.
In this study, only GM images are used. Finally, full-width-half-maximum (FWHM)
Gaussian kernel is used with 8 mm kernel size is employed for spatial smoothing of the
GM images. After spatial pre-processing, the MarsBaR toolbox is employed to calculate
right and left HGM volumes from the normalized, smoothed, modulated, gray matter
datasets. In addition, the ANOVA followed by a Tukey multiple comparison test (p ˂
0.05) using Statistical Package for Social Sciences software (SPSS version 16.0) is employed for between-group differences in demographics and clinical parameters among
groups.

4. Results
The right and left HGM volumes are calculated by SPM and Marsbar as described in
the previous section. Figure 2 shows the association between left and right HGM volumes in the AD and NC participants based on sex. The volume for the left and right
HGM of each subject are calculated and accumulated. Table 2 presents the means and
standard deviations for HGM volumes (ml), separately among the four groups of subjects. In addition, Figure 3 shows the HGM volume (ml) for all groups.
According to Table 2 and Figure 3, it is clear that AD participants show smaller
HGM volume, as compared to age-matched normal participants in both male and female subjects. The reduction in HGM region is 1.38 times more in female cohort
against male cohort. Results of ANOVA among four groups of participants, using
HGM volume as the criterion variable, are presented in Table 3. The ANOVA test
shows significant differences in HGM volume among four groups (F(3,135) = 28.29, p ˂
0.05). Comparing the results of statistical mean between patients with AD and normal

Figure 1. The pipeline of propsed system for calculation hippocampus volumes.
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(a)

(b)

Figure 2. The association between left and right HGM volumes between AD and NC subjects
according to sex. (a) Female subjects, (b) Male subjects.
Table 2. HGM volume measurement in the four groups.

HGM (ml)

F-AD

F-NC

M-AD

M-NC

4.44 ± 0.63

5.61 ± 0.64

5.05 ± 0.94

5.99 ± 0.68

Note: All data are presented in mean ± standard deviation mode; F, Female; M, Male; AD, people with Alzheimer’s
Disease; NC, Normal Control participants; HGM, Hippocampus gray matter.
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Figure 3. The HGM volumes (ml) for the four groups. F, Female; M, Male; AD, people with Alzheimer’s disease; NC, Normal Control
participants.
Table 3. Comparative mean of HGM volumes in the four groups.
Variable

F-AD

F-NC

M-AD

M-NC

HGM (Volume)

MD

MD

MD

MD

F-AD

-------

−1.17*

−0.60*

−1.54*

F-NC

1.17*

-------

0.56*

−0.37

M-AD

0.60*

−0.56*

-------

−0.93*

M-NC

1.54*

0.37

0.93*

--------

F

28.29

Note: F, Female; M, Male; AD, people with Alzheimer’s Disease; NC, Normal Control participants; HGM, Hippocampus gray matter; MD, mean difference; F, F test;
*p ˂ 0.05.

controls in both male and female subjects clearly shows that female encounters more
significant atrophy (M.D = 1.17, p ˂ 0.05) compared to male (M.D = 0.93, p ˂ 0.001) in
HGM. In parallel to this outcome, female has more severity of disease in their limbic
system.

5. Discusion
The Hippocampus, as part of brain, is responsible for emotion, memory, and the autonomic nervous system. In [8], we used a statistical analysis by VBM plus DARTEL to
examine global and regional GM atrophy patterns in people with AD, according to sex.
In more detail, VBM plus DARTEL analysis demonstrated greater global GM reduction
in the female subjects (F-AD versus F-NC), compared to the male subjects (M-AD versus M-NC). In this study, we focused on HGM volumes in patients with AD compared
to normal controls based on sex. The results of this study revealed that the reduction in
HGM region is around 1.38 times more in female against male subjects. Our statistical
analysis suggests that there may be a link between HGM atrophy and AD based on the
sex. This funding supports our previous study that sex is an important factor in the AD
[8].
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6. Conclusion
In conclusion, a statistical analysis (ANOVA) is used to investigate HGM volume in
people who suffer from AD, according to sex. The results have considerable implications for the development of therapies for those with this disease. The statistical results
indicate that AD causes different HGM atrophy in the males and females. The HGM
atrophy volume is higher in females, compared to males. This might be a reason why
females with AD show more reclusive behavior, emotional lability, hoarding, and refusal of help. The results indicated that there is a significant role of sex on HGM atrophy
in patients with AD.
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