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Abstract— Distinguishing Alzheimer’s disease (AD) from 

mixed Alzheimer’s and vascular dementia (VD) is a challenging 

task. In this study, we explored the differences between AD pa-

tients and a group with a mixed pathology of AD with cerebro-

vascular disease (CVD) by analyzing the volumes of several 

brain regions vulnerable to AD and evidenced by white matter 

hyper-intensities (WMHs). Moreover, we investigated the cor-

relation between brain volumes and the Alzheimer’s Disease As-

sessment Scale-Cognitive Subscale (ADAS-Cog) scores of the 

AD and AD-CVD groups. We collected T1-weighted Magneti-

zation Prepared Acquisition with Gradient Echo (MPRAGE) 

MRI scans from 9 AD participants and 8 AD-CVD participants. 

Then, we performed the region of interest (ROI) analysis over 

the MRI data to measure the gray matter (GM) volume of the 

hippocampus, frontal gyrus, and precuneus as well as the cere-

brospinal fluid (CSF) volume of ventricles. Also, we calculated 

the volume of white matter hyper-intensities (WMHs) of the 

whole brain and of the frontal-temporal (FT) area. The results 

did not show any correlation between the baseline ADAS-Cog 

scores of AD participants and their volumes of above-affected 

areas and WMHs, while in the AD-CVD group, the CSF volume 

in ventricles showed a high correlation with ADAS-Cog scores 

(Spearman’s ρ = 0.714). We did not observe any statistically sig-

nificant difference in these volumes between AD patients and 

AD-CVD group.  
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I. INTRODUCTION  

Alzheimer’s disease (AD) is considered a neurodegenera-

tive disorder that impairs one’s functional, cognitive, and be-

havioral activities [1]. For measuring the severity of AD, a 

standard cognitive assessment tool, called Alzheimer’s Dis-

ease Assessment Scale-Cognitive Subscale (ADAS-Cog) [2] 

is commonly used, in which the AD patients are provided 

with 11 specific tasks and receive a score in the range of 0 to 

70, where higher ADAS-Cog scores indicate more impair-

ment [3]. Magnetic Resonance Imaging (MRI) is also com-

monly utilized to detect the atrophy of an Alzheimer’s brain.  

Previous MRI studies on AD reported the gray matter (GM) 

volume changes of several brain areas, including the 

hippocampus, frontal cortex, precuneus as well as the cere-

brospinal fluid (CSF) volume changes in ventricles [4–7]. 

Besides, the pathological alterations in white matter (WM), 

particularly demyelination, have been reported to happen in 

the early stage of Alzheimer’s brain [8]. The alternations of 

water content in the WM structures are characterized as white 

matter hyperintensities (WMHs)  [9].  WMHs are related to 

vascular pathology and have a significant effect on cognitive 

deficits [9]. They are found in the MRI scans of AD, those 

with vascular dementia (VD) as well as aging individuals [9, 

10]. In this pilot study, we investigated the plausible correla-

tions of brain volume and WMHs among AD patients and a 

group with the mixed pathology of AD with cerebrovascular 

disease (CVD); moreover, we investigated the correlation of 

the brain volume and the severity of the disease using the 

ADAS-Cog scores.  
Severe CVD is seen in vascular dementia (VD).  VD oc-

curs due to the weakened blood flow in our brain, which im-

pairs the processes such as logical thinking, cognition, 

memory [11]. VD is primarily distinguished from AD by es-

timating the Hachinski Ischemic Score (HIS) scale [12, 13], 

in which thirteen factors, including the history of stroke, de-

pression, hypertension, are considered for scoring the pa-

tients. VD is also characterized by the existence of excessive 

WMHs in MRI data [9, 14]. The risk factors of VD, are also 

frequently noticed in AD, particularly those with cardiovas-

cular disease [12]. Several studies have reported an overlap 

between AD and VD pathologies [12, 15], making the differ-

ential diagnosis challenging [16]. For that reason,  in case of 

the co-occurrence of AD and VD pathologies, the patients are 

diagnosed as mixed AD and VD [12].  VD patients have 

acute CVD; herein, we referred to the mixed pathology of 

AD and VD as AD-CVD and defined it as AD with signifi-

cant CVD meeting both the National Institute of Neurologi-

cal Disorder and Stroke’s definition of AD with CVD and 

having a HIS score between 4 and 7. 

The goal of this pilot study was to: 1) compare the brain 

volumes and WMHs of AD and AD-CVD; and 2) investigate 

the correlation of AD and AD-CVD groups and their corre-

sponding ADAS-Cog scores as a measure of their severity.   
-  
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II. METHODOLOGY 

Data for this study have been adopted from a current clin-

ical trial [17, 18]. In this pilot study, we included 9 partici-

pants with AD and 8 with AD-CVD. All patients’ diagnoses 

have been based on a neurologist or psychiatrist’s clinical di-

agnosis along with using brain imaging scans and applying 

HIS scores. 

The demographic characteristics and baseline ADAS-Cog 

scores of the participants are listed in Table 1. All the partic-

ipants underwent 3T MRI scanning. From the participants, 

we collected T1-weighted MPRAGE MRI data with repeti-

tion time, TR = 1800 ms, echo time, TE = 2.93 ms, inversion 

time, TI = 900 ms, field of view matrix  = 256 × 256, spatial 

resolution = 1 mm, and time of acquisition = 5:46 min. For 

segmentation of the MRI data, we used CAT12 (Computa-

tional Anatomy Toolbox, ver 12.6, expert mode, 

http://www.neuro.uni-jena.de/cat/) [19] with SPM12 (Statis-

tical Parametric Mapping software, ver 7487, 

https://www.fil.ion.ucl.ac.uk/spm/) in MATLAB (ver 

2018b). We manually checked the image and preprocessing 

qualities (resolution, noise, and bias) of all MRI data from 

their CAT12 reports to ensure that they had almost the same 

image quality ratings. Using CAT12 in expert mode, the MRI 

data were segmented into GM, WM, CSF, WMHs tissue 

maps, and we estimated their native space volumes. Although 

the WMHs are usually segmented from the Fluid-Attenuated 

Inversion Recovery sequence of MRI data, a cross-validation 

study has been done in CAT12 for segmenting WMHs using 

only T1-weighted MRI data [20]. For calculating WMHs vol-

ume in the frontal-temporal (FT) region, we created two 

masks of the frontal and temporal areas of the brain using the 

xjView toolbox (https://www.alivelearn.net/xjview/) in 

avg152T1 atlas target. We then added them by ImCalc func-

tion of SPM12 to make a single mask of the FT region. Later, 

we resliced this mask with the segmented WMHs image to 

calculate WMHs volume in the FT region by multiplying the 

number of voxels with its voxel size. In the CAT12 batch 

program, we also used the Neuromorphometrics brain atlas 

to perform an ROI-based analysis instead of whole-brain 

analysis because we knew the affected regions to investigate. 

Neuromorphometrics brain atlas gave only CSF and GM vol-

umes of our ROIs. 

Table 1 Demographic characteristics and ADAS-Cog scores of participants 

 
AD 

n = 9, 7 males 

AD-CVD 

n = 8, 6 males 

 Two-tailed 

p-values 

Age (y), 

mean ± SD 

 

71.9 ± 8.7  

 

73.9 ± 7.5  

  

0.80 

ADAS-Cog total 
scores, mean ± SD 

 
12.2 ± 4.4  

 
13.8 ± 5.3  

  
0.62 

III. RESULTS 

A. Statistical data analysis 

We ran a two-tailed Wilcoxon rank-sum test over age and 

ADAS-Cog scores in the AD group and AD-CVD group, 

where we did not observe any statistical difference between 

them in terms of age and sex (Table 1). We then performed 

Spearman’s rank correlation analysis for finding the correla-

tion of WMHs, GM in the hippocampus, MFG, SFG, precu-

neus, and CSF in ventricles with the ADAS-Cog scores of the 

AD and AD-CVD groups (Table 2). As shown, there was no 

significant correlation in the AD and ADAS-Cog scores, 

while in the AD-CVD group, ADAS-Cog scores were 

strongly correlated with CSF in lateral ventricles (Spear-

man’s ρ = 0.714). Table 3 demonstrates the mean ± SE vol-

umes of WMHs and regions of interest of AD and AD-CVD 

groups. The p-values of two-tailed Wilcoxon rank-sum test 

for each volume between the AD and AD-CVD group are 

also shown in Table 3. In our multiple comparisons, we used 

the Benjamini & Yekutieli technique [21] to adjust the false 

discovery rate at 0.05 [22].  Here, we observed no statisti-

cally significant difference in WMHs, GM in the hippocam-

pus, frontal gyrus, precuneus, and CSF in the ventricles be-

tween AD patients and the AD-CVD group. Most of the 

volumes of the above-affected regions were similar between 

these two groups.  

Table 2 Spearman’s rank correlation coefficients (ρ) of white matter 

hyperintensities (WMHs) and regions of interest of the AD group and AD-

CVD group with their ADAS-Cog scores. FT = Frontal-temporal, GM = 

Gray matter, CSF = Cerebrospinal fluid, MFG = Middle frontal gyrus, SFG 
= Superior frontal gyrus, L = Left, R = Right 

WMHs and regions of interest 

 

Spearman’s ρ 

ADAS-Cog  
scores of  

AD group 

ADAS-Cog  

scores of  

AD-CVD group  

WMHs in whole brain 0.254 0.191 

WMHs in FT region 0.017 0.429 

GM in hippocampus (L+R) -0.528 0.119 

CSF in lateral ventricles (L+R) -0.068 0.714 

GM in MFG (L+R) -.0559 0.381 

GM in SFG (L+R) -0.170 0.262 

GM in Precuneus (L+R) -0.545 0.524 

http://www.neuro.uni-jena.de/cat/
https://www.fil.ion.ucl.ac.uk/spm/
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Table 3 Mean ± SE volumes of white matter hyperintensities (WMHs) and 

regions of interest of AD and AD-CVD groups. Two-tailed p-values are 

found after running a Wilcoxon rank-sum test between the two groups. SE 

= Standard error, FT = Frontal-temporal, GM = Gray matter, CSF = 
Cerebrospinal fluid, MFG = Middle frontal gyrus, SFG = Superior frontal 

gyrus, L = Left, R = Right  

WMHs and  
regions of interest 

AD 

mean ± SE 

cm3 

AD-CVD 

mean ± SE 

cm3 

 Two 

tailed p-

values 

WMHs in whole brain 4.4 ± 1.0  6.0 ± 1.0  0.25 

WMHs in FT region 2.0 ± 0.5  3.0 ± 0.6   0.14 

GM in hippocampus (L+R) 4.0 ± 0.2 4.4 ± 0.2  0.46 

CSF in lateral ventricles (L+R) 38.6 ± 3.3 45.9 ± 8.5  0.81 

GM in MFG (L+R) 27.1 ± 1.4 28.4 ± 1.0  0.50 

GM in SFG (L+R) 21.8 ± 0.7 21.8 ± 0.7  0.89 

GM in Precuneus (L+R) 15.8 ± 0.5 16.6 ± 0.6  0.41 

IV. DISCUSSIONS 

In this study, we analyzed the volumes and WMH of the 

brain regions that are reported to show change in AD; in par-

ticular, we calculated the GM volumes of the hippocampus, 

ventricles, frontal gyrus, precuneus, and CSF volume in ven-

tricles. A reduction of GM volume is found in individuals 

with AD and VD [23, 24]. The hippocampus plays an im-

portant role in memory formation, and loss of it is related to 

both AD and VD [4, 24]. A study on 504 participants reported 

that AD participants have larger ventricles volume than indi-

viduals with mild cognitive issues and normal aging people 

[7]. The hypertrophy of the left ventricle is associated with 

the risk factors of the cardiovascular system and affects ex-

ecutive functions of the brain [25]. 

The atrophy of the brain, particularly in the frontal and 

temporal regions, occurs because of neuronal loss in the AD 

population [6]. The frontal lobe occupies a significant portion 

of the brain and is responsible for executive functions; we 

included volumes of the middle and superior frontal gyrus in 

the analysis. An imaging study also found disruption of 

precuneus function in the individuals with AD [5]. Here, we 

performed a correlation analysis over the GM volumes in 

hippocampus, frontal gyrus, precuneus, CSF in ventricles, 

and WMHs. Neither the WMHs nor the CSF of ventricles and 

GM volumes of ROIs were found correlated with ADAS-Cog 

scores of the AD group. The ROIs and WMHs volumes of 

AD participants may not have a significant impact on their 

ADAS-Cog scores at least with the patients used herein (with 

a clinical dementia rating of about 1). On the other hand, for 

the AD-CVD group, we did not observe a strong correlation 

between ADAS-Cog scores and brain volumes, except CSF 

in lateral ventricles, which is positively correlated with 

ADAS-Cog scores. The increase of CSF volume in lateral 

ventricles is usually associated with the disease severity; 

hence the high correlation of the ADAS-Cog scores with our 

AD-CVD group. However, the analysis herein is limited to 

select a few regions of WMHs and ROIs; other vulnerable 

brain regions, such as the temporal gyrus and cerebellum, 

should be included in future studies. 
The neuropathological association between the nonvascu-

lar or vascular origins of WMHs and AD is still unclear [9]. 

However, vascular issues, including high blood pressure, 

may encourage WMHs, which contribute to the deterioration 

of cognitive abilities [9]. Individuals with AD-CVD might be 

affected more by the risk factors of WMHs compared to the 

AD without vascular issues. Nevertheless, most of the risk 

factors of AD, including smoking, high consumption of sat-

urated fat, hypertension, are also found in VD [12]. Thus, 

higher values of WMHs in our AD-CVD group compared to 

that among AD group were expected. However, we did not 

observe statistically higher WMHs volume in the AD-CVD 

group than AD. Given that our sample size was very small, 

further investigations are required to verify our observations. 

V. CONCLUSIONS  

Our study results show no strong correlation between the 

tested volumes of the AD group and the severity of the con-

dition measured by ADAS-Cog scores; in the AD-CVD 

group, the results showed the CSF volume in ventricles to be 

highly correlated with ADAS-Cog scores. We found no sta-

tistically significant difference in these volumes between the 

AD-CVD and AD group. However, this could be due to the 

small sample size of the study. 
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